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-- E D I T O R I A L  /  É D I  T O R I  A L  -­
To m o r r o w , a n d  t o m o r r o w , a n d  t o m o r r o w ... 

De m a in  e t  d e m a i n  e t  d e m a i n . . . .

Science inspires us with a feeling o f hopefulness and infinite possibility...the 
human spirit applied in the tradition o f science will find a way toward the objec­
tive. Science shows that it is possible to foresee and to plan...

-  Isodor I. Rabi, "Faith in Science,"
Atlantic Monthly, 187 28-30 (January 1951)

The year, 2004, sees the 100th anniversary of both the appointment of the first 
Professor of Physics, and the birth of the Faculty of Science at the University 
of Manitoba. This, the oldest university in Western Canada, is hosting the 
Annual Congress of the Canadian Association of Physicists from 13th to 16th 
June, in Winnipeg, and at this time the Department of Physics and 
Astronomy will look proudly at a completed century of research and teach­
ing; at the quality of physicists it has so far produced, and at the launching 
pad for further discovery it has already built.

The CAP Congress gives an opportunity for physicists across Canada to share 
in local celebrations, and to develop further the dissemination of new knowl­
edge, that is the life blood of the practising research scientist. Some years 
ago, Richard Feynman wrote, in relation to the definition of time, "it is what 
happens when nothing else happens", but whether this satisfies the average 
physicist, indicating as it does that 'time' is the distance between events, I do 
not know. Perhaps a corollary might be the statement [mine], that if the 
physicist is aware of the passage of time, he or she is not working hard 
enough at the business of discovery. In the words of Ralph Hodgson (1871­
1962):

Time you old gypsy man,
Will you not stay,
Put up your caravan,
Just for one day?

Scientists should run out of time long before they run out of ideas!

Of course, the cost of carrying out experimental science has burgeoned over 
the years, and as a result scientific research and development is expensive. 
But as an eminent Canadian medical scientist once remarked over fifty years 
ago, "if you think medical research is expensive, try disease!" Not much of a 
choice one might think! And now, in 2004, it seems that the intimate relation­
ship of education and research to technology, discovery, innovation, and the 
national economy seems suddenly to be accepted by scientists, economists 
and politicians alike, which is encouraging to all of us who require financial 
support and public enthusiasm for our success.

A hundred years ago, the slogans around scientific laboratories were restrain­
ing in the extreme. Notices trumpeting the fact that "Faraday did it on less" 
or Rutherford's dictum that "we haven't got the money so we have got to 
think", implied that rational thought should in the end solve most problems. 
And, in the past it sometimes did. There was often vision and imagination 
that generated the solution to an otherwise intractable problem, with minimal 
cost to scientist or institution. I think of H. Helmholtz, physicist, physiologist 
and psychologist, discounting the widely held belief that the speed of the 
nervous impulse was many times that of light, and measuring it at a party

The contents of this journal, including the views expressed above, do not necessar­
ily represent the views or policies of the Canadian Association of Physicists. Le 
contenu de cette revue, ainsi que les opinions exprimées ci-dessus, ne représen­
tent pas nécessairement les opinions et les politiques de l'Association canadienne 
des physiciens et des physiciennes.
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Editorial

with friends and colleagues at which using a smoked drum 
as a timing device he showed it to be less than that of sound. 
The impossibility of this technique for measuring such a 
phenomenon, was so well "established" by J. Müller and oth­
ers that no one even thought to try it. Helmholtz did! Then 
at a later time, but still prior to the discovery of the electron, 
measurement of the size of an atom or molecule was 
believed impossible by almost the entire scientific communi­
ty. Lord Kelvin, 'en passant' in his Baltimore lectures how­
ever suggested that a drop of oil free to flow on a flat liquid 
surface could spread until the pancake of oil was essentially 
a mere atom or molecule thick. Then, by measuring the area 
of the drop by a planimeter, and knowing the volume of the 
drop of oil, a simple calculation could yield the dimension of 
a molecule approximately. So, the impossible becomes pos­
sible, by rational thought and simple observation alone.

And in the field of innovation, we have the Slinky, an antivi­
bration device invented by Richard James to stabilise cargo 
ships. it was dramatically ineffective at its proper task, but 
when his wife Betty observed the fact that the cylinder of 
coiled wire, when placed on an upper shelf in the library in 
their home, would roll, top over bottom and dismount the 
shelves to the floor, she thought to herself, here is a fine 
'toy', and a means of demonstrating longitudinal wave 
motion. The company started 60 years ago is still function­
ing as a tribute to innovation and the entrepreneurial spirit 
that can take advantage of simple scientific observation.

In 2004, however, the climate for the funding of scientific 
research is now much more favourable than a century ago. 
Research is highly competitive, and an all-consuming activi­
ty, and physics as a discipline is changing rapidly, while still 
sustaining the established breadth of the subject.

Larger and larger microscopes are required for studies of the 
nano- and atto-scales of matter. Biophysics, the subject of a 
recent theme issue of Physics in Canada, now relates to 
biosystems at the molecular level, and many of the estab­
lished models of nuclear and condensed matter physics are 
finding value in this new arena. indeed, thinking of strands 
of DNA as electrical conductors, semiconductors or super­
conductors would have seemed unlikely, if not bizarre, only 
a few years ago. But physics, like time, moves forward, and 
the next hundred years will amaze even those scientists who 
are a part of it.

Physics is fun, so let us enjoy it to the full. Have a great 
Congress!

Jasper McKee, P.Phys.
Editor, Physics in Canada

NOTE: For your entertainment, the Editor has included the follow­
ing exchange of comments between himself and two Editorial 
Board members after reading the May/June editorial.
Member one:
I enjoyed reading your editorial as usual. I was amused at the per­
haps unintended pun towards the end of the editorial:
"Larger and larger microscopes are required for studies of the 
nano- and atto-scales of matter." Should we not call them 
nanoscopes or attoscopes? Actually as we know "micro" can either 
mean 10-6 of whatever, or simply "very small", so it is only a per­
ception of obsolescence.

Editor:
Since the first photograph of a flea by Robert Hooke,equipment 
used to illuminate an object with smaller and smaller wavelength 
radiation has grown in scale inversely as the scale of the object 
itself; i.e.from fleas through atoms to nuclei,nucleons and now glu­
ons?

Member two:
... walk into Paul Corkum's lab at the Steacie Institute and check 
out the size of his "attoscope"!

The comments of readers on this editorial are more than wel­
come.

De m a i n  e t  d e m a i n  e t  d e m a i n . . . .
La science nous inspire un sentiment d'espoir et de possibil­
ités infinies...Vesprit humain impliqué dans la tradition sci­
entifique trouvera son chemin vers son objectif. La science 
montre qu'il est possible de prévoir et de planifier.

- Isodor I. Rabi, "Faith in Science," 
Atlantic Monthly, 187 28-30 (janvier 
1951)

L'année 2004 correspond au 100e anniversaire de l'engage­
ment du premier professeur de physique et la naissance de 
la faculté des sciences de l'université du Manitoba. Cette 
université, la plus ancienne de l'ouest canadien, est l'hôte du 
congrès annuel de l'Association canadienne des physiciens 
et physiciennes qui se tiendra du 13 au 16 juin à Winnipeg; 
durant cette même période, le département de physique et 
d'astronomie fêtera fièrement un siècle complet de recherche 
et d'enseignement, la qualité des physiciens qu'il a formés 
jusqu'à présent et les installations de lancement de décou­
vertes ultérieures qu'il a déjà bâties.

Le congrès de l'ACP fournit l'occasion aux physiciens du 
Canada de prendre part à des célébrations locales et de 
développer davantage la diffusion des connaissances nou­
velles, ce qui est le principe vital des scientifiques prati­
quants. Il y a quelques années, Richard Feyman a écrit au 
sujet de la définition du temps : " c'est ce qui se passe 
lorsque rien d'autre ne se passe ", indiquant par là que le " 
temps " est la distance qui sépare des événements; mais je ne 
sais pas si cela satisfait le physicien moyen. Peut être qu'un 
corollaire (le mien) pourrait être que si le physicien est sensi­
ble au passage du temps, il ou elle ne travaille pas assez à 
faire des découvertes. D'après Ralph Hodgson (1871-1962) :

Vieux nomade Temps,
Ne resterez-vous pas,
Ne parquerez-vous pas votre roulotte,
Juste pendant une journée?

Les scientifiques devraient manquer de temps bien avant 
qu'ils ne manquent d'idées!

Bien sûr, le coût de la science expérimentale a beaucoup 
augmenté avec les années; en conséquence, la recherche et le 
développement scientifiques sont onéreux. Mais un scien­
tifique médical canadien éminent a fait la remarque suivante 
il y a plus de cinquante ans : " si vous croyez que la 
recherche médicale est onéreuse, que penser de celle de la
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Editorial /  Letters

maladie! " On pourrait penser que l'on n'a pas vraiment 
beaucoup de choix! Et aujourd'hui, en 2004, il semble que la 
relation intime entre l'éducation et la recherche d'une part, 
et la technologie, les découvertes, l'innovation et l'économie 
nationale d'autre part soit soudainement acceptée égale­
ment par les scientifiques, les économistes et les politiciens, 
ce qui est très encourageant pour nous tous qui avons 
besoin d'un soutien financier et l'appui du public pour nos 
réussites.

il y a cent ans, les slogans dans les laboratoires scientifiques 
étaient très limitatifs. Des remarques claironnant le fait que 
" Faraday l'a fait avec moins " ou le dicton de Rutherford 
disant " si nous n'avons pas d'argent, il faut que nous 
réfléchissions " impliquent que le raisonnement peut finir 
par résoudre la plupart des problèmes. Et, dans le passé, 
cela a été parfois vrai. souvent, la vision et l'imagination 
ont généré une solution à une question autrement 
intraitable avec un coût minimal pour le scientifique ou l'in­
stitution. Je pense à H. Helmholtz, physicien, physiologiste 
et psychologue, remettant en cause l'idée largement répan­
due selon laquelle la vitesse de l'influx nerveux était égale à 
plusieurs fois la vitesse de la lumière et la mesurant lors 
d'une fête avec des amis et des collègues à laquelle il a util­
isé un cylindre fumé comme chronomètre pour montrer 
qu'elle était en fait inférieure à celle du son. L'impossibilité 
d'utiliser cette technique pour mesurer un tel phénomène 
était si bien " établie " par J. Müller et autres que personne 
n'a même pensé à l'essayer. Helmholtz l'a fait! Plus tard, 
mais toujours avant la découverte de l'électron, des mesures 
de la taille d'un atome ou d'une molécule étaient soit-disant 
impossibles d'après la presque totalité de la communauté 
scientifique. Pendant des conférences tenues à Baltimore, 
Lord Kelvin a suggéré en passant qu'une goutte d'huile libre 
de flotter sur une surface plane d'un liquide pourrait s'éten­
dre jusqu'à ce que la couche d'huile atteigne l'épaisseur d'un 
atome ou d'une molécule. Ensuite, en mesurant la surface 
de la goutte au moyen d'un planimètre et en connaissant 
son volume, un simple calcul pourrait conduire à la dimen­
sion approximative d'une molécule. Ainsi, l'impossible 
devient possible grâce à un raisonnement et une simple 
observation.

Et dans le domaine de l'innovation, nous avons le Slinky, 
dispositif antivibration inventé par Richard James pour sta­
biliser les navires de marchandises. il était particulièrement 
inefficace pour cela, mais sa femme Betty a observé le fait 
que le cylindre de fil bobiné descendait de l'étagère 
supérieure de leur bibliothèque jusqu'au sol en basculant; 
elle s'est alors dit qu'il s'agissait là d'un beau jouet et d'un 
moyen de démontrer le déplacement d'une onde longitudi­
nale. La compagnie fondée il y a 60 ans fonctionne toujours 
comme tribut à l'innovation et à l'esprit entrepreneurial qui 
peut tirer profit d'une simple observation scientifique. 
Toutefois, en 2004, le climat relatif au financement de la 
recherche scientifique est beaucoup plus favorable qu'il y a 
un siècle. La recherche est très concurrentielle et une activ­
ité exigeante, et la physique, en tant que discipline, évolue 
rapidement tout en continuant à couvrir l'ampleur établie 
du sujet.

Des microscopes de plus en plus gros sont nécessaires pour 
l'étude à l'échelle nanométrique et attométrique de la 
matière. La biophysique, sujet d'une édition récente de La 
physique au Canada, s'intéresse maintenant au niveau

moléculaire des biosystèmes, et un grand nombre de mod­
èles établis de la physique nucléaire et de la matière con­
densée trouvent une application dans ce nouveau 
domaine. Finalement, penser à des brins d'ADN comme 
étant des conducteurs électriques, les semiconducteurs ou 
les supraconducteurs aurait semblé improbable, sinon 
bizarre, il y a quelques années seulement. Mais la 
physique, comme le temps, avance et les cents prochaines 
années étonneront même les scientifiques qui les auront 
vécues.

La physique est joyeuse; profitons-en pleinement. Je vous 
souhaite un bon congrès!

J. S. C. McKee, phys.
Éditeur, La physique au Canada

REMARQUE : Pour votre divertissement, l'éditeur a inclus 
l'échange de commentaires suivants entre lui et deux membres 
du bureau éditorial après la lecture de l'éditorial de mai/juin.

Membre un :
Comme d'habitude, j'ai eu du plaisir à lire votre éditorial. Je me 
suis amusé du calembour peut-être imprévu vers la fin de l'édi­
torial : " Des microscopes de plus en plus gros sont nécessaires 
pour l'étude à l'échelle nanométrique et attométrique de la 
matière. " Devrions-nous les appeler désormais des nanoscopes 
ou des attoscopes? En fait, micro peut signifier 10-6 ou simple­
ment très petit, de sorte qu'il ne s'agit que d'une perception de la 
désuétude.

Éditeur :
Depuis la première photographie d'une mouche réalisée par 
Robert Hooke, l'échelle du matériel utilisé pour éclairer un objet 
à l'aide de rayons de longueur d'onde de plus en plus petite a 
augmentée inversement à l'échelle de l'objet lui-même, c-à-d de 
la mouche aux atomes et aux noyaux, nucléons et maintenant 
gluons.

Membre deux :
... marcher dans le laboratoire de Paul Corkum à l'Institut 
Steacie et jeter un coup d'œil sur la dimension de son 
" attoscope "!

Nous accueillons les commentaires de nos lecteurs au sujet 
de cet éditorial.

NOTE: Le genre masculin n'a été utilisé que pour alléger le texte.

Fu t u r e  CAP Co n f e r e n c e s  
Pro chains  c o n g r ès  de l’ACP

Congrès annuel 2005 Annual Congress,
June 5 - 8,2005

University of British Columbia / Université de la Colombie 
Britannique, Vancouver, BC

Congrès annuel 2006 Annual Congress,
June 11 - 14 juin, 2006 (tentative)

Université Brock University, St. Catharine’s, ON

WWW.CAP.CA
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Congratulations to our New L icensees Félicitations à nos nouveaux licenciés

We are pleased to announce that 1 additional licence has been II nous fait plaisir de vous signaler que l'ACP a octroyé 1 nouveau
granted to : licence à :

W. James Slater

Details regarding the certification process, as well as all forms L'information relative au processus de certification, ainsi que les for-
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Co n g r a t u l a t io n s  /  Fé l ic it a t io n s

Killam Research Fellowships

This year, only nine new Killam Research Fellowships were awarded. 
Of these, two went to physicists -- Mike Thewalt, SFU (Redefining 
the limits of semiconductor spectroscopy) and Hong Guo, McGill U. 
(Multi-scale modelling for nonoelectronic devices). Congratulations to 
both. This prestigious award brings funding to their universities to

cover two years of complete teaching and administrative relief so that 
Drs. Thewalt and Guo can focus on their proposed reesearch.

APS Fellowship

At the March APS Meeting, Dr. André Longtin, U. Ottawa, received an 
APS Fellowship. His citation was presented to him by the incoming 
Chair of the a Ps  Division of Biological Physics, Denis Rousseau.

Bo o k  Re v i e w /  Cr it iq u e  d e  l iv r e

The Expanding World 
of Physics at Manitoba

A Hundred Years of Progress 
Department of Physics and Astronomy 

University of Manitoba

R.D. Connor

"The Expanding World of Physics At Manitoba: A Hundred Years of Progress", Department of Physics and 
Astronomy, University of Manitoba.

A history of the Department of Physics and Astronomy, University of Manitoba, written by Robin Connor, Dean 
Emeritus of Science, has been published and will be available for purchase at the 2004 Congress in Winnipeg. 
This book celebrates 100 years of 'The Expanding World of Physics at Manitoba' and sells for 20$ Canadian, 
plus GST. Copies can also be obtained from Wanda Klassen at the Department of Physics and Astronomy 
Office (phone 204 474 9817); the University Bookstore (phone 204 474 8321),or McNally Robinson 
Booksellers (phone 204 475 0483). A book review appears below.

Une histoire du département de physique et d'astronomie de l'Université du Manitoba, écrite par Robin Connor, 
doyen émérite des sciences, a été publiée et pourra être achetée au congrès de Winnipeg. Ce livre célèbre 
100 ans de l ’ “Expansion du monde de la physique au Manitoba"; son prix est de 20 $ canadien plus la TPS. 
Des copies sont aussi disponibles auprès de Wanda Klassen au bureau du département de physique et d'as­
tronomie (tél. : (204) 474 9817), à la librairie de l'Université (tél. : (204) 474 8321) ou chez McNally Robinson 
Booksellers (tél. : (204) 475 0483). Voir la critique du livre ci-dessous.

b o o k  r e v ie w  / c r it iq u e  d e  l iv r e

"The Expanding World of Physics At Manitoba: A Hundred Years of Progress", Department of Physics and 
Astronomy, University of Manitoba.

by R.D. Connor, Professor Emeritus (Physics), Published by Department of Physics and Astronomy, University 
of Manitoba, ISBN1-895035-10-4; Soft cover 235 pages

The prologue describes the pre-history of the University and the persons engaged in its creation - literally from scratch to form the basis for a mod­
ern, comprehensive institution. The body of the text comprises six chapters; I through IV cover the growth of the Physics Department via the lives 
and endeavours of the staff from 1904 up until the present day. Chapter V covers the work of the major groups in the Department and VI, 
Accolades, outlines its fine record of accomplishment and service. Endnotes and a short biography of Prof. Connor round out the volume.
Enough of statistics, this is a splendid book, beautifully written, informative without ever being boring. Even the Endnotes are worth going through. 
The lives of the Physicists that were and are the Department are drawn with good humour and kindness. As for the Physics in question, time and 
again, ideas at the fore front of science are introduced and the reader carefully led through the general notions so as not to lose that sense of 
excitement that is the core attraction of the Science.

Half a million years ago as Homo sapiens' cousins first sorted through fallen branches for suitable weapons, the smarter ones undoubtedly 
checked the "heft" of their choice before trying it out on the nearest creature. The "Heft" test still works, even with your eyes shut, even on books. 
This volume feels good in your hand. The weight says that a good quality paper has been used, and the glossy finish promises, and delivers, a fine 
illustrated cover.

In all an excellent record of the Department's first 100 years. 

Dr. R.H. Packwood, Ottawa, Ontario
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Canadian Assocation of Physicists 
Association canadienne des physiciens et physiciennes

2004 Lauréats

Med allists  2004 La u réa ts

CAP Medal for Achievement in 
Physics
Médaille de l ’ACP pour contribu­
tions exceptionnelles en physique
Michael Thewalt 
Simon Fraser University

CAP/INO Medal for Outstanding 
Achievement in Applied Photonics 
Médaille de l ’ACP-INO pour contri­
butions exceptionnelles en pho­
tonique appliquée
Nicolas Jaeger 
University of British Columbia

Herzberg Medal 
Médaille Herzberg
Victoria Kaspi 
McGill University

CAP/CRM Prize in Theoretical and 
Mathematical Physics 
Prix ACP-CRM en physique 
théorique et mathématique
Jiri Patera
CRM, Université de Montréal

CAP Medal for Excellence in 
Teaching Undergraduate Physics 
Médaille de l ’ACP pour l’excel­
lence en enseignement de la 
physique au premier cycle
Helmy sherif 
University of Alberta

CAP-DCMMP Brockhouse Medal 
Médaille Brockhouse de l’ACP- 
DPMCM
Michael Thewalt 
Simon Fraser University

CAP/COMP Peter Kirkby Memorial 
Medal for Outstanding Service to 
Canadian Physics 
Médaille commémorative 
Peter Kirkby de l’ACP/OCPM pour 
services exceptionnels à la 
physique au Canada
Robert C. Barber 
University of Manitoba

Canadian Astronomical Society / Société canadienne d’astronomie

Med allists  2004 La u réa ts

Carlyle S. Beals 
Award / Priz 
Carlyle S. Beals
Ernest R. Seaquist 
University of 
Toronto

CASCA-RAS 
J.S. Plaskett 
Medal / Médaille 
J.S. Plaskett de la 
CASCA-SRA
Jo-Anne C. Brown 
University of 
Calgary

We are pleased to 
note that, in 2004, 
Helen Sawyer Hogg
was inducted into the 
Canadian Science 
Hall of Fame, and 
was named a Great 
Teacher at the 
University ofToronto.
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2004 Lauréats

Canadian Assocation of Physicists 
Association canadienne des physiciens et physiciennes

Prize W inners

University Prize Exam Results 2004 Résultats de l’examen du prix universitaire

101 students from 23 post-secondary institutions competed this year. The exam was administered by members of the 
Physics Department of the University of New Brunswick. The names of the first, second and third prize winners are shown,
followed by the fourth to tenth ranking marks.

Gary Goldstein First Prize / Premier Prix
Nicholas Gutenberg Second Prize / Deuxième Prix 
David Press Third Prize / Troisième Prix

4. Robert Barrington Leigh U.Toronto
4. Benjamin Wilson U.Saskatchewan
6. Michael Garrett U.Toronto
7. Rob Pitcairn U. Manitoba

TOP STUD EN T IN EACH  U NIVERSITY

Univ. of Toronto / Univ. de Toronto 
McGill University / Université McGill 

Simon Fraser University / Université Simon Fraser

8. Tudor Costin UBC
9. Matthew Lightman York U.
10. Stephen Green U.Toronto

Acadia University Aaryn Tonita University of Lethbridge Steven Horn
Bishop's University Edward W ilson-Ewing University of Manitoba Rob Pitcairn
Carleton University Artur Kochermin Université de Moncton did not participate
Concordia University did not participate Université de M ontreal Isabeau Prémont-
Dalhousie University James Cordes Schwarz
Ecole Polytechnique did not participate University of New Brunswick James Rioux
Lakehead University did not participate University of Northern B.C. did not participate
Laurentian University Chris Pagnutti University of Ottawa did not participate
M cGill University Nicholas Gutenberg University of Prince Edward Island did not participate
M cM aster University Andrew Lohn Université de Québec à Chicoutimi did not participate
M em orial University o f NFLD did not participate Université de Québec à M ontréal did not participate
M ount Allison University Jean-M arc Samson Université de Québec à Rimouski did not participate
Queen’s University M artin Koslowsky Université de Québec à Trois-Rivières did not participate
Royal M ilitary College of Canada did not participate University of Regina Abram Krislock
Saint Francis Xavier University Pat Clancy University o f Saskatchewan Benjam in W ilson
Saint M ary's University did not participate Université de Sherbrooke did not participate
Simon Fraser University David Press University of Toronto Garry Goldstein
Trent University Tam  Nhan University of Victoria Daniel Roberge
University of Alberta Adam Rupp University of W aterloo Michael Garrett
University of British Columbia Tudor Costin University of W estern Ontario did not participate
University of Calgary did not participate University of W indsor did not participate
University o f Guelph did not participate University of W innipeg did not participate
Université Laval did not participate W ilfrid Laurier University 

York University
did not participate 
Matthew Lightman

La Physique au Canada mai / juin 2004 7



2 0 0 3  A rt o f  P h ysics  C o m petitio n  W in n ers

2003 Ar t  o f  Ph y s i c s  Co m p e t i t i o n  W i n n e r s  

Ga g n a n t s  d u  Co n c o u r s  l 'A r t  d e  l a  p h y s i q u e  2003

Class Project / Projet de classe
1 s t  P r iz e  -  1 ier P r ix

“Kaleidoscopic Bubbles” b y  M a t th e w  K o s ta n e c k i  
(submitted by St. Elizabeth CHS, Toronto, Ontario)

In a kaleidoscope of orange coloured milk bubbles, it seems at first glance 
that there are an infinite variety of configurations that can be formed by joining 
milk bubbles. However, this is not the case. In reality, there are only 2 ways 
that milk bubbles, or any other bubbles, can physically join. When surfaces 
meet along curves or when curves and surfaces meet at ponts, they do so at 
equal angles. When three surfaces meet along a curve, they do so at an 
angle of 120o with respect to one another. When 4 curves meet at a point, 
they do so at angles of 109.47°. These principles and basic rules are credited 
to Frederick Almgren, Jr., and Jean E. Taylor.

2 n d  P r iz e  -  2 ième P r ix

“Thin-Film Effect” b y  D a v e n  H u g h e s
(submitted by Fredericton High School, New Brunswick)

The thin-film effect is the product of a very thin layer of liquid that distorts 
reflected light waves. The distortion is due to the phase difference of the light 
waves between the outer and inner surfaces of the liquid. The thickness of the 
film determines the colour of the effect. Since red waves are the longest 
(about 700 nm), and blue waves shortest (about 400 nm), the thinner layer of 
liquid will be blue end of the light spectrum, the thicker layer to the red end of 
the spectrum. Bubbles exhibit the thin-film effect very well. All bubbles have 
some thickness of water which makes up their dome shape, but sometimes 
the surface does not noticeably diffract light into different colours. This is 
because the layer is either too thick or too thin, rendering infrared or unltravio- 
let wavelengths in the diffraction. Upon creation of the bubble, the diffracted 
light is visible because the layer is too thick (diffracting infrared). Over a short 
period of time, the layer of liquid evaporates and the diffracted wavelengths 
become visible. During the life of a bubble, the diffracted light colour will 
progress rom infrared to visible ultraviolet. In my photograph the bubbles are 
at the right stage to diffract visible light.

High School Individual / Individuel, école secondaire
1 s t  P r iz e  -  1 ier P r ix  

“Vortex in a Sink” b y  Ia n  L iu
of St. Elizabeth CHS, Toronto, Ontario

This is a picture of biodegradable hairspray, illuminated by black light, flowing 
counterclockwise down a standard sink drain. It is believed that Coriolis force 
was responsible for the counterclockwise rotation of fluids in sink drains in the 
Northern hemisphere and clockwise rotation in the Southern Hemisphere. 
However, information that contradicts this belief is being presented by various 
sources. It is being suggested that the rotational motion of the fluids is due to 
the way the fluid filled the sink and that the Coriolis force is too weak to be a 
significant factor in causing a very small body of water to rotate in a particular 
direction. In several experimental trials where a rubber hose was used to 
direct the water flow while filling the sink, the direction of drainage was 
observed to be the same as the direction of filling. This suggests that the 
micro influences within the sink environment have a greater effect that the 
Coriolis force on the fluid body.
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In fo r m a tio n s

H o n o u r a b le  M e n t io n  /  M e n t io n  h o n o r a b le  

“Spheres of Water” b y  M a t th e w  K o s ta n e c k i
of St. Elizabeth CHS, Toronto, Ontario

Water and oil do not form a solution that can be mixed. In most cases, you 
see ample amounts of water with a small surface layer of oil. However, in this 
reverse situation where droplets of coloured water have been placed in an oil 
solution, the results are depicted in the photo. The hydrophobic nature of the 
oil causes the coloured water to be repelled and to take on a spherical shape 
since this provides the least surface area to volume ratio. Since the density of 
water is greater than oil, the drop sink to the bottom of the container.
However, a few smaller water droplets remain at the surface due to surface 
tension of the oil molecules. As more water droplets were added, the smaller 
droplets would become larger due to cohesion and would sink to the bottom.

Open Category / Catégorie ouvert
1 s t  P r iz e  - 1 ier P r ix

“Hand Through a Flat Soap Bubble”
b y  D a v id  E lfs t r o m ,  T o ro n to ,  O n ta r io

A flat bubble is made from a mixture of water, dish detergent, and glycerin by 
dipping a wire frame into the mixture. The frame with the bubble is held 
above a dark surface, and a studio flask with a ‘softbox' is aimed at the bub­
ble. The camera is aimed so that the reflection of the flash will be seen over 
the entire surface of the bubble, and a photograph is taken of that reflection, 
showing a swirling pattern of colours.

Interference between the light waves reflected from the front of the film and 
the back create a shift in colour. Small variations in thickness of the film show 
up as different colours. By whetting one's fingers with the solution, it is possi­
ble to poke a finger or two through the bubble without breaking it. Oils from 
the skin cause the fluid to move and swirl in unpredictable ways.

2 n d  P r iz e  - 2 ième P r ix

“Surface Interface Dynamics: Methyl Benzene & Silicon 
Dioxide” b y  C a r o l  P fe f fe r ,  I r v in g to n ,  N e w  Y o r k

This cameraless photograph illustrates the surface dynamics of a liquid - solid interface. The 
work "stops time" and allows the viewer to visually ingest the spreading coefficient. Spreading is 
what happens when a liquid comes into contact with a solid. In this case I chose glass, a non 
porous solid, to maximize spreading but used an adhesive liquid! Adhesive forces will bing a sub­
stance to a surface. It acts surfactant with impurities that reduces the surface tension or the inter­
molecular force of attraction between adjacent molecules that keeps the fluid together at the inter­
face. A methyl benzene adhesive was applied between two silicon dioxide surfaces. The methyl 
benzene has a high viscosity, which is a measure of the resistance of the liquid to flow. This 
allowed me to coordinate the spreading speed with the darkroom exposure. The print is made by 
treating the sandwich as a film alternative. I remove the negative carrier form an enlarger and 
substitute the work above the condenser. This creates a projection which I then expose onto the 
emulsion coated surface. The print is then reversed by paper negative transfer.

Come and visit the Art of Physics exhibition on display at 
the 2004 Congress and see these entries in full colour.
Entry forms for the 2004 competition will be available at the 
CAP Information Desk (deadine Dec.31/04). Winning entries 
will be on display during some 2005 World Year of Physics 
events.
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Co n g ress  Spo n so rs

Co n g r e s s  Sp o n s o r s  /  Co m m a n d i t a ir e s  d u  Co n g r è s

Canadian Space Agency 
Varian Medical Systems 
AMEC Dynamic Structures

Dean of Science, University of Manitoba 
Oxford Instruments
Canadian Institute for Photonics Innovation 
Elekta Canada
VP Research Administration, University of Manitoba 
Canadian Institute for Photonics Innovations

NRC Institute for Biodiagnostics 
Department of Physics, University of Winnipeg 
Royal Bank
Travel and Conference Sponsorship Program, UMRA 
CancerCare Manitoba
Ministry of Education, Citizenship, and Youth, Province of Manitoba

DraxImage
Ministry of Energy, Science and Technology, Province of Manitoba 
Philips Medical Systems 
Siemens Canada Limited
Vice-President Administration, University of Manitoba

Best Medical International Inc.
Computerized Medical Systems, Inc.
Dean of Science, University of Winnipeg 
Dr. S. Safi-Harb 
Therapy Revolution Inc.
Thomson Nelson

InfoMagnetics Technologies Corp.
Merlan Scientific 
Manitoba Hydro

CASCA Student Workshop Sponsors:
Herzberg Institute of Astrophysics
Graduate Students’ Association, University of Manitoba 
Faculty of Graduate Studies, University of Manitoba 
Faculty of Science, University of Manitoba
Physics and Astronomy Graduate Students’ Association, University of Manitoba

We would also like to thank some additional sponsors 
who wish to remain anonymous / Nous voudrions aussi remercier certains de 

nos commanditaires qui veulent demeurer anonymes
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Congrès annuel 2004

THE 59th CAP ANNUAL CONGRESS 
LE 59e CONGRÈS ANNUEL DE L'ACP

INFORMATION /  PROGRAMME

(See page 22 for the Session Codes /  Voir page 22 pour
les indicatifs des sessions)
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2 0 0 3  C A P  C ongress

2004 CAP CONGRESS /  CONGRÈS DE L'ACP 2004
TECHNICAL PROGRAM COMMITTEE / COMITE DU PROGRAMME TECHNIQUE
Chair / Président
CASCA Representative / Répresentant de CASCA 
COMP Representative / Répresentant de l’OCPM 
BSC Representative / Répresentant de SBC 
Atmospheric & Space Physics /

physique atmosphérique et de l'espace 
Atomic & Molecular Physics /

physique atomique et moléculaire 
Condensed Matter and Materials Physics /

M. Morrow 
J. English 
P. O’Brien 
J. Lepock 
W  Hocking

W-K. Liu

J. Bechhoefer
physique de la matière condensée et des matériaux

Industrial and Applied Physics /
physique industrielle et appliquée 

Instrumentation and Measurement Physics
physique des instruments et mesures 

Medical and Biological Physics /
physique médicale et biologique 

Nuclear Physics /
physique nucléaire 

Optics and Photonics /
physique optique et photonique 

Particle Physics /
physique des particules 

Physics Education /
enseignement de la physique 

Plasma Physics /
physique des plasmas 

Surface Science /
science des surfaces 

Theoretical Physics /
physique théorique

Roman Maev

Andreas Mandelis

A. Rutenberg

M.D. Hasinoff

M. Campbell

W. Trischuk

Robert Hawkes

C. Boucher

E.T. Jensen

M. Shegelski 
M. Paranjape

myke@physics.mun.ca 
jayanne_english@umanitoba.ca 
Peter.O’Brien@tsrcc.on .ca 
chair@physics.uwaterloo.ca 
whocking@uwo.ca

wkliu@uwaterloo.ca

bechhoef@sfu.ca

maev@server.uwindsor.ca

mandelis@mie.utoronto.ca

andrew.rutenberg@dal.ca

hasinoff@physics.ubc.ca

mcampbel@quark.uwaterloo.ca

william@physics.utoronto.ca

rhawkes@mta.ca

boucher@inrs-emt.quebec.ca

ejensen@unbc.ca

mras@unbc.ca
paranj@lps.umontreal.ca

LOCAL ORGANIZING COMMITTEE / COMITE ORGANISATEUR LOCAL
Chair / Président 
Vice-Chair / Vice-président 
Secretary / Secrétaire 
CASCA LOC Chair 
COMP LOC Chair 
BSC LOC Chair 
Registration / Inscription

J.P. Svenne 
W.T.H. van Oers 
J. Birchall 
S. Safi-Harb 
S. Pistorius 
M. Jackson 
B.W. Southern

Fundraising / commanditaires
Exhibits / Exposants
Poster Session / Session d’affiches
Webmaster / Site web
A-V and/et Entertainment/divertissement
Congress poster / Affiche du congrès
Students,signage / Étudiants,panneaux

Head, U.Manitoba Dept. of Physics and Astronomy/ Chef, Dépt. de physique et astronomie (UManitoba) 
Head, U. Winnipeg Dept. of Physics / Chef, Département de physique (UWinnipeg)
Publicity / Publicité J. English, R. Lamontagne, S. Page
Social Subcommittee / Souscomité des événements sociaux A. Svenne, S. Safi-Harb, P. Loly 
Grad Student’s Barbeque / Barbecue des étudiants diplômés J. West

CAP OFFICE STAFF / PERSONNEL DE L'ACP
Executive Director / Directrice exécutive 
Administrative Assistant / Adjointe administrative

K. Sharma 
P. Zetner
R. Roshko 
A. Aleksejevs 
J. Page
S. Barkanova 
J. Hein
G. Williams 
R. Kobes

F.M. Ford 
C. Harvey

CAP@physics.uottawa.ca
carmen@physics.uottawa.ca

GENERAL INFORMATION /  RENSEIGNEMENTS GÉNÉRAUX
2004 CAP Congress / Congrès de l'ACP 2004

Canadian Association of Physicists / Association canadienne des physiciens et physiciennes 
Suite/Bur. 112, Imm. McDonald Bldg. , Univ. of/d'Ottawa 

150, avenue Louis Pasteur Avenue OTTAWA, ON K1N 6N5 
Tel/tél.: (613) 562-5614; Fax/téléc.: (613) 562-5615; e-mail: cap@physics.uottawa.ca

web: http://www.cap.ca
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Renseignements

REGISTRATION

The registration desk is located on the Main Conference Level, 
second floor of the Delta Hotel, and will be staffed according to 
the following schedule:

Saturday, June 12th 
Sunday, June 13th 
Monday, June 14th 
Tuesday, June 15th 
Wednesday June 16th

PARKING

Delegates staying at the Delta hotel should arrange for parking 
with the hotel registration desk. For those not staying at the 
hotel, there is a public parkade under the hotel and other park­
ing lots and garages in the area. On-street parking is mainly at 
parking meters with a 1 or 2 hour limit. On Saturday there are 2 
hours of free parking at meters on downtown streets; on 
Sundays, on-street parking is free.

E-MAIL ACCESS

For residents of the hotel, internet access is available in all 
rooms. In addition, there is a free email station at the concierge 
desk in the lobby, with limited time of access. The Congress will 
also provide email access, details of which will be included in 
the registration package.

EXHIBITORS (in alphabetical order)
Best Medical International, Inc.
BOC Edwards 
Canberra Co.
Channel Systems 
CMS Inc.
Coherent Inc.
Donaldson Marphil Medical 
Gamble Technologies Ltd.
Harpell Associates Inc.
John Wiley and Sons Canada Ltd.
Kodak Canada Inc.
Kurt J. Lesker Company 
LAP of America 
McGraw Hill
Melles Griot Canada Inc.
Nucletron Corporation 
Oxford Instruments 
Pearson Education Canada 
Plasmionique Inc.
Scanditronix-Wellhofer North America 
Siemens Canada Ltd., Medical Solutions Division 
Standard Imaging Inc.
Systems for Research 
Therapy Revolution Inc.
Thompson Nielsen 
Varian Inc.

SPONSORS
A complete list of sponsors can be found on page 10 of the 
Congress program. The Congress organizers thank each of the 
sponsors for their generous contributions.

INSCRIPTION

Le bureau d'inscription est situé au deuxième étage de l'hôtel 
Delta (Main Conference Level) et sera ouvert aux heures suiv­
antes:

Samedi 12 juin 
Dimanche 13 juin 
Lundi 14 juin 
Mardi 15 juin 
Mercredi 16 juin

STATIONNEMENT

Les congressistes qui logent à l'hôtel Delta doivent prendre des 
dispositions avec la réception de l'hôtel. Pour ceux qui ne 
logent pas à l'hôtel, un stationnement publique est situé sous 
l'hôtel, ainsi que d'autres stationnements dans le quartier. Le 
stationnement dans la rue est limité à une ou deux heures avec 
des parcomètres. Le samedi, deux heures de stationnement 
gratuit est permis dans les rues du centre-ville; le dimanche, le 
stationnement dans la rue est gratuit.

ACCÈS AU COURRIER ÉLECTRONIQUE

Pour ceux qui résident à l'hôtel, chaque chambre est munie 
d'un accès Internet. De plus, il est possible d'accéder gratuite­
ment à ses courriels (temps d'accès limité) au bureau du 
concierge d'hôtel dans le hall de l'hôtel. Le Congrès fournira 
l'accès aux courriels. Les détails seront compris dans la trousse 
d'inscription.

EXPOSANTS (en ordre alphabétique)
Best Medical International, Inc.
BOC Edwards 
Canberra Co.
Channel Systems 
CMS Inc.
Coherent Inc.
Donaldson Marphil Medical 
Gamble Technologies Ltd.
Harpell Associates Inc.
John Wiley and Sons Canada Ltd.
Kodak Canada Inc.
Kurt J. Lesker Company 
LAP of America 
McGraw Hill
Melles Griot Canada Inc.
Nucletron Corporation 
Oxford Instruments 
Pearson Education Canada 
Plasmionique Inc.
Scanditronix-Wellhofer North America 
Siemens Canada Ltd., Medical Solutions Division 
Standard Imaging Inc.
Systems for Research 
Therapy Revolution Inc.
Thompson Nielsen 
Varian Inc.

COMMANDITAIRES
Une liste complète des commanditaires se trouve à la page 10 
du programme du Congrès. Les organisateurs du Congrès 
remercient chacun des commanditaires pour leur généreuse 
contribution.

13h00 - 19h30 
08h00 - 19h00 
07h30 - 17h00 
07h30 - 17h00 
07h30 - 12h00

13 h à 19 h 30 
8 h à 19 h 
7 h 30 à 17 h 
7 h 30 à 17 h 
7 h 30 à 12 h
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In fo r m a t io n

2004 JOINT CONGRESS

Welcome to the 59th Annual Congress of the Canadian Association of 
Physicists, held jointly with the Canadian Astronomical Society (CASCA), 
the Canadian Organization of Medical Physicists (COMP), and the 
Biophysical Society of Canada (BSC), hosted by the Department of 
Physics and Astronomy of the University of Manitoba and held in the 
Delta Winnipeg Hotel and the Winnipeg Convention Centre in downtown 
Winnipeg, Manitoba, the true Centre of Canada.

Saturday, June 12, Graduate Student Barbecue
For graduate students there will be a free barbecue on the University of 
Manitoba campus on the Saturday evening. For students staying at the 
Delta hotel, a shuttle service to the campus will be provided. Students 
staying at campus residences will be provided directions to the barbecue 
site.

Sunday, June 13, Public Lecture
A public plenary session, the Herzberg Lecture and CASCA Public 
Lecture will feature Dr. James E. Peebles, of Princeton University, and a 
University of Manitoba alumnus, speaking on A Cosmic Picture: Images 
from Astronomy. The plenary session begins at 19h00 and will be fol­
lowed by a reception with cash bar.

Monday, June 14, Beer and Poster session
The Beer and Poster session will be held in the Convention Centre, 
accessible by a bridge from the hotel, at 19h00. One complimentary bev­
erage ticket will be provided in your registration package.

Tuesday, June 15, Banquet and Awards
The congress banquet will be held at 19h30, at the Delta hotel. The cost 
is $65 per person, including taxes and a limited amount of wine at each 
table. A reception and cash bar will precede the banquet starting at 
19h00.

REGISTRATION INFORMATION
After May 31,2004, delegates should register on site. Payment may be 
made by credit card (Visa, Mastercard only) or cheque or money order. 
All fees are quoted in Canadian dollars.

Cancellation policy
A full refund (less $50 administration fee) will be issued, provided written 
notification is received by Dr. Juris P. Svenne, Department of Physics 
and Astronomy, University of Manitoba, on or before May 13, 2004. No 
refunds will be issued after May 13, 2004.

TRANSPORTATION TO ACCOMMODATION
Taxis are available from Winnipeg airport to downtown for a fare of 
approximately $12.50-$13.00. Car rentals from various companies are 
available at the airport. The City of Winnipeg has a fairly good public 
transit system (bus). There is also a city bus from the airport to down­
town. The cash fare is $1.80 per trip; visitors bus passes will be available 
for purchase at the registration desk.

ACCOMMODATION
The congress hotel is the Delta Winnipeg hotel, where all the scientific 
sessions will be held. The poster session, exhibitors and coffee breaks 
will be at the adjoining Winnipeg Conference Centre. Delegates are 
encouraged to stay at the Delta Hotel at the low conference rate of $109 
per day for single or double room.

The block-booked rooms will be available at this low rate until May 12, 
2004. Should these fill up before this date, every effort will be made to 
find alternate accommodation in the downtown area. For students, a 
block of rooms have been reserved on the University of Manitoba cam­
pus, which is approximately 10 km away from the Delta Hotel. These are 
standard dormitory style rooms, not air-conditioned, with shared bath­
rooms. These residence rooms are available for $38.79 single occupan­
cy, and $28.50 per person, double occupancy.

CONGRÈS CONJOINT 2004

Bienvenue au 59e Congrès annuel de l'Association canadienne des 
physiciens et physiciennes, organisé conjointement avec la Société 
canadienne d'astronomie (CASCA), l'Organisation canadienne des physi­
ciens médicaux (COMP) et la Société de biophysique du Canada (BSC), 
qui est présenté par le Département de physique et d'astronomie de 
l'Université du Manitoba à l'hôtel Delta Winnipeg et au Centre des con­
grès du centre-ville de Winnipeg, Manitoba, le vrai centre du Canada.

Samedi 12 juin, Barbecue des étudiants diplômés
Il y aura un barbecue gratuit samedi soir pour les étudiants diplômés au 
campus de l'Université du Manitoba. Un service de navette jusqu'au 
campus sera offert aux étudiants qui logent à l'hôtel Delta. Des directions 
sur la façon de se rendre au site du barbecue seront remises aux étudi­
ants qui logent dans les résidences du campus.

Dimanche 13 juin, conférence publique
Une session plénière publique, la conférence Herzberg et la conférence 
publique CASCA ,mettra en vedette le Dr. James E. Peebles, de 
l'Université Princeton, et ancien étudiant de l'Université du Manitoba, qui 
nous entretiendra sur le sujet suivant: Une photo cosmique: Images de 
l'astronomie. La session plénière débutera à 19 h 00, suivi d'un bar 
payant.

Lundi 14 juin, session affiches et bière
La session affiches et bière aura lieu à 19 h au Centre des congrès, 
accessible de l'hôtel par un pont. Vous trouverez dans votre trousse d'in­
scription un billet pour une boisson gratuite.

Mardi 15 juin, banquet et remise de prix
Le banquet du congrès aura lieu à 19 h 30 à l'hôtel Delta. Le prix de 65 $ 
par personne comprend les taxes et une quantité limitée de vin par table. 
Un cocktail avec bar payant précédera le banquet, dès 19 h.

INSCRIPTION
Après le 31 mai 2004, les congressistes doivent s'inscrire sur place. Le 
paiement peut être effectué par carte de crédit (Visa et MasterCard 
seulement), par chèque ou par mandat poste. Tous les frais sont 
indiqués en dollars canadiens.

Politique d'annulation
Un remboursement complet (moins des frais d'administration de 50 $) 
sera émis, pourvu qu'un avis écrit soit reçu par le Dr. Juris P. Svenne, 
Département de physique et d'astronomie, Université du Manitoba, au 
plus tard le 13 mai 2004. Aucun remboursement ne sera accordé après 
cette date.

TRANSPORT VERS L'HEBERGEMENT
Il est possible de vous rendre en taxi de l'aéroport de Winnipeg au cen­
tre-ville pour environ 12,50 $ à 13 $. Plusieurs compagnies de location 
de voitures se trouvent à l'aéroport. La ville de Winnipeg possède un 
service de transport en commun (autobus) assez efficace. Un autobus 
fait le circuit entre l'aéroport et le centre-ville. Le coût du billet est de 1,80 
$ le trajet; des cartes d'autobus pour visiteurs seront en vente au bureau 
d'inscription.

HEBERGEMENT
L'hôtel Delta Winnipeg est l'endroit où toutes les sessions scientifiques 
auront lieu. La session d'affiches, les exposants et les pauses-café 
auront lieu au Centre des congrès de Winnipeg adjacent. Nous invitons 
les congressistes à profiter du tarif congrès avantageux de 109 $ la nuit 
pour une chambre simple ou double.

Les chambres bloquées au tarif réduit seront disponibles jusqu'au 12 mai 
2004. Si toutes ces chambres devaient être louées avant cette date, tous 
les efforts seront déployés pour vous trouver une autre chambre au cen­
tre-ville. Pour les étudiants, une section de chambres a été réservée sur 
le campus de l'Université du Manitoba, à environ 10 km de l'hôtel Delta.
Il s'agit de chambres standards de résidence étudiante, sans air clima­
tisé, avec salle de bain partagée. Les chambres dans les résidences 
sont louées 38,79 $ (occupation simple) et 28,50 $ par personne (occu­
pation double).
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Renseignements

AUDIO-VISUAL EQUIPMENT
For the scientific sessions at the Delta hotel, all rooms will be equipped 
with a standard overhead projector and a LCD data projector for comput­
er-based presentations. All CAP, CASCAand BSC members who plan on 
doing a computer-based presentation should bring their presentation on 
their own laptop computer, and be sure to visit the Speaker Ready Room 
(Talbot) beforehand to test that the presentation will run smoothly. (You 
may also wish to bring your presentation on viewgraphs as a back-up to 
your computer presentation.) At the session in which you are speaking, if 
you are using the LCD projector, please have your laptop turned on and 
ready to go. Since all talks must keep to schedule; any time lost in set­
ting up your computer will reduce the time available for your talk, and 
none of us want this to happen!

In the room where most COMP presentations will be held, a computer 
will also be available, since this is the tradition at COMP conferences. 
Presenters using this facility should bring their presentations in 
PowerPoint format on a CD-ROM disk, with all fonts embedded in the 
presentation. Make sure to transfer your talk to the computer well before 
your session is scheduled to start.

If you need additional projection equipment, it can be rented from the A-V 
company servicing the meeting by contacting Kevin Wolfe at 204 989­
2592 (email: kwolfe@corpav.com). The cost of additional equipment must 
be covered by the speaker.

RECREATIONAL FACILITIES
The Delta hotel has a well-equipped exercise facility, including two swim­
ming pools, one indoor, one outdoor, available to hotel guests. Jogging 
downtown Winnipeg is easy (totally flat!), but traffic interferes. Head 
south from the hotel and soon you arrive at the river walk along the 
Assiniboine and Red Rivers, where pleasant jogging is possible.

MEALS
Bag lunches will be available in the exhibits area on Monday and 
Tuesday, if you have pre-ordered these. The Delta Hotel has a fine dining 
restaurant and a snack bar, and in the same building (not strictly part of 
the hotel) there is a pub. Other restaurants are within easy walking dis­
tance of the hotel, as are fast-food places in the City Place indoor mall, 
kitty-corner across from the hotel. A list of recommended restaurants will 
be included in the conference package.

GENERAL INFORMATION ABOUT WINNIPEG
Winnipeg is the vibrant capital of Manitoba, the geographic centre of 
Canada and North America. With a population of over 685,000 people 
with diverse background, there is an international, cosmopolitan flair to 
the city as well as a feeling of community. Winnipeg is home to 60% of 
Manitoba's residents. The Provincial Legislature building is near the Delta 
Hotel and well worth a visit. Also not far is the Winnipeg Art Gallery. The 
Forks Market at the historic junction of the Red and Assiniboine rivers is 
a little farther in the opposite direction. Winnipeg Transit operates a free 
shuttle bus circulating the downtown area.

ÉQUIPEMENT AUDIOVISUEL
Pour les sessions scientifiques à l'hôtel Delta, toutes les salles sont 
munies d'un rétroprojecteur standard et d'un vidéoprojecteur ACL pour 
les présentations informatisées. Tous les membres de l'ACP, de CASCA 
et de BSC qui planifient faire une présentation informatisée devraient 
apporter leur présentation sur leur propre bloc-notes et se rendre à la 
salle Talbot (Speaker Ready Room) auparavant pour tester si leur 
présentation se déroule correctement. (Vous pourriez aussi apporter 
votre présentation sur transparents comme alternatif à votre présentation 
informatisée.) Lors de votre propre présentation, si vous utilisez un pro­
jecteur ACL, veuillez vous assurer d'allumer votre ordinateur et d'être 
prêt à débuter. Puisque toutes les présentations doivent s'en tenir à l'ho­
raire, tout temps perdu à préparer votre ordinateur sera retranché de 
votre temps de présentation. Nous ne désirons pas que cela arrive à qui 
que ce soit.

Dans la salle où la plupart des présentations de OCPM auront lieu, un 
ordinateur sera aussi disponible, car c'est le pratique courante dans les 
conférences de OCPM. Les présentateurs qui utilise ce moyen devraient 
apporter leurs présentations en format Powerpoint sur un CD-Rom, avec 
toutes les polices de caractères intégrées dans la présentation. Assurez- 
vous de transférer votre présentation à l'ordinateur bien avant le début 
de votre session.

Si vous avez besoin d'autre équipement de projection, il peut être loué 
de l'entreprise en charge de l'audiovisuel au Congrès en communiquant 
avec Kevin Wolfe au (204) 989-2592 (courriel: kwolfe@corpav.com). Le 
coût de l'équipement additionnel doit être payé par le présentateur.

INSTALLATIONS RÉCRÉATIVES
L'hôtel Delta possède beaucoup d'équipement sportif, dont deux piscines 
(une intérieure, une extérieure), disponibles aux clients de l'hôtel. Faire 
son jogging au centre-ville de Winnipeg est facile (tout est plat!), mais la 
circulation peut nuire. À partir de l'hôtel, dirigez-vous vers le sud et vous 
tomberez rapidement sur la piste qui longe les rivières Assiniboine et 
Rouge, où le jogging est très agréable.

REPAS
Lundi et mardi, des sacs à lunch seront disponibles à l'aire des 
exposants, si vous les avez commandés à l'avance. L'hôtel Delta pos­
sède un restaurant haut de gamme et un casse-croûte et, dans le même 
édifice un pub qui ne fait pas strictement partie de l'hôtel. D'autres 
restaurants sont à distance de marche de l'hôtel, ainsi que de la restau­
ration rapide dans le mail intérieur de City Place, de l'autre côté de l'hô­
tel. Votre trousse d'inscription contiendra une liste de restaurants recom­
mandés.

RENSEIGNEMENTS GÉNÉRAUX SUR LA VILLE
Winnipeg, capitale dynamique du Manitoba, est le centre géographique 
du Canada et de l'Amérique du Nord. Avec une population de plus de 
685 000 habitants de cultures diverses, cette ville cosmopolite interna­
tionale est aussi dotée d'une sens de la communauté. Winnipeg accueille 
60 % de la population du Manitoba. L'Assemblée législative, située tout 
près de l'hôtel Delta, vaut la peine d'être visitée. La Winnipeg Art Gallery 
se trouve aussi à portée. Le marché Forks, à la jonction historique des 
rivières Assiniboine et Rouge, se trouve un peu plus loin dans la direc­
tion inverse. Le transport en commun de Winnipeg offre une navette gra­
tuite dans le centre-ville.

The University of Manitoba is the oldest university in Western Canada. It 
celebrated its 125th anniversary in 2002. This year the Faculty of Science 
and the Department of Physics and Astronomy celebrate their 100th 
anniversary. The first 6 professors of science, including physicist Frank 
Allen, were hired in 1904. A reunion of former students, post-docs, faculty 
and staff of the Physics Department (Physics and Astronomy since 1999) 
is being held in conjunction with Congress 2004. The main reunion 
events will begin on Wednesday afternoon, June 16 and continue on 
Thursday, June 17, culminating with a banquet in the evening at the 
Faculty Club of the University of Manitoba.

CLIMATE
The average daily maximum and minimum temperatures in Winnipeg in 
June are 23°C and 10 °C. One can generally expect dry, sunny weather 
in the summer in Winnipeg (average precipitation for June: 84 mm).

L'Université du Manitoba est la plus vieille université de l'ouest du 
Canada. Elle a célébré son 125e anniversaire en 2002. Cette année, la 
Faculté des sciences et le Département de physique et d'astronomie 
célèbrent leur 100e anniversaire. Les six premiers professeurs en sci­
ence, dont le physicien Frank Allen, ont été engagés en 1904. Une réu­
nion d'anciens étudiants, chercheurs post-doctoraux, professeurs et 
membres du personnel du Département de physique (Physique et 
astronomie depuis 1999) aura lieu lors du Congrès 2004. Les événe­
ments principaux entourant la réunion débuteront le mercredi après-midi 
16 juin et se poursuivront le jeudi 17 juin, avec un banquet le soir au 
Faculty Club de l'université du Manitoba.

CLIMAT
Les températures minimales et maximales moyennes à Winnipeg en juin 
sont de 10 oC et de 23 oC, respectivement. À Winnipeg, le temps l'été 
est habituellement sec et ensoleillé (précipitations moyennes en juin:
84 mm).
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Sa t u r d a y , Ju n e  1 2 , 2 0 0 4

CASCA Gr a d  St u d e n t s ' Wo r k s h o p U. M a n it o b a  F o r t  Ga r y  Ca m p u s

Saturday, June 12, 2004 Samedi, le 12 juin 2004
The annual CASCA Grad Students Workshop will be held on Saturday, June 12, 2004, at the University of 
Manitoba Fort Gary campus. The theme of the workshop this year is Data Mining and Image Processing.

In the afternoon, there will be a panel discussion on the Long Range Plan and the future of Canadian 
Astronomy, specifically its implications for current graduate students. There will be plenty of time for discus­
sion, so come with your questions!

Schedule

8:45 - 9:30

9:45

13:00

14:30

15:00

Intro/Grad student mixer Beausejour Room, Univ.Centre

17:30

11:30 Colour image processing J. English Machray Hall Computer Lab

- 13:00 Lunch Degrees, Univ.Centre

- 14:30

- 15:00

CADC workshop 

Break

D. Durand Machray Hall Computer Lab

- 16:30 Panel Discussion Beausejour Room, Univ.Centre
"The Long Range Plan and the Future of Canadian Astronomy” 
Panel Members: G. Fahlman, R. Taylor, and R. Puditz

- 15:00 opening remarks G. Fahlman
- 15:10 opening remarks R. Taylor
- 15:20
- 15:30
- 16:15

opening remarks 
discussion/questions 
closing remarks/wrap-up

R. Pudritz

■ 17:30 CASCA Grad Student’s Meeting 
Grad Student’s BBQ

Beasejour Room, Univ.Centre 
St.John’s College (to be confirmed)

Supporters
NRC - Herzberg Institute of Astrophysics
Graduate Students’ Association, University of Manitoba 
Faculty of Graduate Studies, University of Manitoba 
Faculty of Science, University of Manitoba
Physics and Astronomy Graduate Students’ Association, University of Manitoba

Graduate Student Barbecue des étudiants diplômés (All organizations/ Toutes les organisations)
For graduate students, there will be a free barbecue on the University of Manitoba campus on the Saturday 
evening. For students staying at the Delta Hotel, a shuttle service to the campus will be provided Students 
staying at campus residences will be provided directions to the barbecue site.

Il y  aura un barbecue gratuit samedi soir pour les étudiants diplômés au campus de l ’Université du 
Manitoba. Un service de navette jusqu’au campus sera offert aux étudiants qui logent à l ’hôtel Delta. Des 
directions sur la façon de se rendre au site du barbecue seront remises aux étudiants qui logent dans les 
résidences du campus.
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D im a n c h e , l e  8  ju in  2 0 0 3

He r z b e r g  Me m o r i a l  Pu b l i c  Le c t u r e  

Co n f é r e n c e  p u b l i q u e  c o m m é m o r a t i v e  He r z b e r g

C h i - W a n  Y o u n g  S p o r t s  

c e n t r e

Sunday, June 13, 2004 19h00 Dimanche, le 13 juin 2004

f 11 vis 1 E l I

Dr. P. J ames E. Peebles, 
Princeton University

"A Cosmic Picture Show : Images from  Astronom y"

— ’ —3  w jc v

1 11 .!|- - / f t  ,ί

/

Some of the astronomical images I will present are meant to illustrate what we know about the 
large-scale nature of the world around us and how we have gone about discovering it; others 
are chosen just because they're pretty. Some of the images are close to what you can see with a 
pair of binoculars; others are numerical representations of what you would 'see' if you had  
Superman's X-ray eyes, or eyes sensitive to radio waves or neutrinos. I'll show historical exam ­
ples of the learning process in astronomy, both good -- Hubble's classification of the galaxies -­
and not so good -- Lowell's idea that he was seeing canals on Mars -- and illustrations drawn

P. James E. Peebles from current debates about what is happening on scales ranging from black holes in the cen­
ters of galaxies to the expansion of the universe.

"Présentation d'images cosmiques : Images de l'astronom ie"

Certaines des images astronomiques que je  vais présenter sont destinées à illustrer ce que nous connaissons de la nature du monde 
qui nous entoure à grande échelle et ce qui nous a conduit à la découvrir; d'autres ont été choisies uniquement en raison de leur 
beauté. Certaines de ces images sont proches de ce que nous pouvons voir à l'aide de jumelles; d'autres sont des représentations 
numériques de ce que nous pourrions voir si nous possédions la vision à rayons-X de Superman ou des yeux sensibles aux ondes 
radio ou aux neutrinos. Je présenterai des exemples historiques de l'évolution de la connaissance en astronomie, des bons (classifi­
cation Hubble des galaxies) et des moins bons (idée de Lowell qui aurait vu des canaux sur Mars), ainsi que des illustrations réal­
isées à partir de discussions récentes sur ce qui se produit à des échelles allant des trous noirs aux coeurs des galaxies à l'expansion 
de l'univers.

B I O G R A P H Y

Born April 25, 1935 in Winnipeg, Manitoba, Canada, naturalized U.S. citizen 1991. Married to Alison Peebles with three chil­
dren, Lesley, Ellen and Marion, six grandchildren.
1958 BS University of Manitoba; 1962 Ph.D. Princeton University; 1961-1962 Instructor, Princeton; 1962-64 Research Associate, 
Princeton; 1964-65 Research Staff Member, Princeton; 1965-68 Assistant Professor, Princeton; 1968-72 Associate Professor, 
Princeton; 1972-84 Professor Princeton; 1984-2000 Albert Einstein Professor of Science , Princeton; 2000 Albert Einstein 
Professor of Science Emeritus, Princeton.
Professional Societies: Fellow, American Academy of Arts and Sciences; Fellow, American Physical Society; 
Fellow, Royal Society; Fellow, Royal Society of Canada; Fellow, U.S. National Academy of Sciences; Member, 
American Astronomical Society; Member, American Association for the Advancement of Science.
Awards: 1977, A.C. Morrison Award in National Science, NY Academy

1981, Eddington Medal, Royal Astronomical Society
1982, Heineman Prize, American Astronomical Society 
1986, Doctor of Science, University of Toronto 
1986, Doctor of Science, University of Chicago 
1989, Doctor of Science, McMaster University 
1989, Doctor of Science, University of Manitoba 
1992, Robinson Prize, University of Newcastle upon Tyne 
1992, Henry Norris Russell Lectureship of the AAS 
1994, Silliman Lectureship, Yale
1994, Feshbach Lecturer, MIT
1995, Bruce Medal, Astronomical Society of the Pacific 
1995, Lemaitre Award, Universite catholique de Louvain
1995, de Vaucouleurs Lectureship, University of Texas
1996, McPherson Lecturer, McGill University, October

V

of Sciences
1996, Doctor of Science, Universite catholique de 

Louvain, October
1997, Danz Professor, University of Washington, 

May
1997, Klein Lecturer, University of Stockholm, June 
1997, Jansky Lectureship, NRAO
1997, Doctor Honoris Causa, Universidad Nacional 

de Cordoba, December
1998, Gold Medal, Royal Astronomical Society, UK
2000, Peter S. Gruber Foundation Award, September
2001, Oort Professor, Leidon University, May 
2001, Harvey Prize Technion University, Israel 
2003, Tomalla Foundation Prize, University of

Geneva, June
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H ig h  Sc h o o l  T e a c h er s ' W o rk sh o p  - M o n d a y , J u n e  14

Fourth Annual Physics Teacher Workshop 
Monday, June 14, 2004 

University of Manitoba, Winnipeg, Manitoba 
Delta Hotel

Monday, June 14, 2004 - Delta Hotel, Room TBA

8:00 am Registration and Refreshment

8:30 am Keynote Lecture by Dr. Helmy Sherif, University of Alberta, Winner of 2004 CAP Medal of Excellence in Physics Teaching. Dr. Sherif 
has been named winner of this prestigious national medal for “outstanding physics teaching at both introductory and advanced levels, and for 
his exemplary work as a mentor to students and to former students.” He has played a pivotal role in the physics careers of many students.

9:20 am Demonstration of computer-based physics laboratory technology by a Merlan Scientific representative.

10:20 am Refreshment Break

10:35 am Fast Optimization of the Radiation Therapy of Tumours: The Impossible Possible by Dr. S. P. Goldman, Dept. of Physics and
Astronomy, University of Western Ontario. A crucial problem in radiation therapy is to optimize hundreds of beams so that the dose distribution 
is uniform inside the tumours and small inside organs at risk. A system of linear algebraic equations will handle this quickly but it is impossible to 
use: it results in negative beams! Instead we are forced to search numerically the optimal intensities, taking long computation times and yielding 
sometimes incorrect results. Our new solution made the impossible (a linear method) possible on physical grounds, delivering excellent dose 
distributions in times orders of magnitude shorter than present search methods.

11:25 am Distance Learning from 820 km Straight Up: The Educational Potential of the MOST Space Telescope by Dr. Jaymie Matthews,
University of British Columbia. The MOST (Microvariability & Oscillations of STars) mission is the first all-Canadian scientific satellite in over 30 
years. It is a small but powerful optical telescope and photometer in polar orbit, capable of detecting variations in the brightnesses of stars down 
to a few parts per million. It is searching for acoustic oscillations and convection in stars, and reflected light from planets outside the Solar 
System. MOST offers a great opportunity to introduce a wide range of physical, astronomical, technological and even political concepts in the 
classroom, all packaged in a "Humble" suitcase-sized observatory!

12:05 pm LUNCH Sponsored by Canadian Institute for Photonic Innovation CIPI with guest speaker

1:35 pm Lost Amongst the Stars by Heather R. Scott, Ridley College, St. Catherine’s, ON. Recent changes in the Manitoba science curriculum have 
placed greater emphasis on Astronomy in the Senior 1 course. For many teachers, a lack of expertise in this area of science can lead to 
incomplete or incorrect coverage of topics, or, in some cases, even exclusion. This workshop will address the concerns of teachers new to 
astronomy and provide ideas for suitable in-class projects, hands-on demonstrations and a comprehensive list of teacher resources. A question 
and answer session on all things astronomical will follow!

2:20 pm Ongoing Professional Development Projects - BC Association of Physics Teachers by Donald Mathewson, Kwantlen University College. 
The BC Association of Physics Teachers is a chapter of the American Association of Physics Teachers. Our membership is comprised of a 
wide cross-section of high school, college and university physics teachers. The BCAPT executive has recently embarked on an ambitious 
series of professional development projects for teachers that have been enthusiastically embraced by the physics teaching community and have 
positively impacted the BC physics teaching community. For those within CAP and its member institutions interested in outreach, some 
information about the BCAPT and its professional development programs will be presented.

2:35 pm Refreshment and Exhibits Break

3:00 pm ALTA to CANALTA : Moving Towards a Canada Wide Network Of Cosmic Ray Telescopes by Dr. Jim Pinfold, University of Alberta. The 
ALTA (Alberta Large Time Coincidence Array) collaboration in Alberta has developed and deployed a very large area sparse array in Alberta the 
scientific purpose of which is to search for a non-random high energy cosmic ray phenomena. The detectors are placed in high-schools and 
colleges around Alberta. One of the unique features of ALTA is its strong educational dimension due to the involvement of high-schools 
students and teachers. The ALTA project is presented in the talk, along with initial plans for the development of the CANALTA (CANadawide- 
ALTA) project across Canada.

Other Related Congress Activities

• Teachers who are planning to arrive early are invited to the public lecture “A Cosmic Picture Show: Images from Astronomy” given by Dr. 
Jim Peebles, Princeton University on Sunday, June 13 at 7:00 pm.

• There are joint CAP/CASCA/COMP sessions around the theme of Enriching Our Teaching Through Integration on Sunday, June 13.

• The Division of Physics Education is holding a series of sessions on the theme of New Directions in the Physics Curriculum on Tuesday, 
June 15.
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Ord re  d u  jo u r  pro viso ire  -  Assem blée  g é n é r a l e  a n n u e l l e  d e  l 'ACP

CANADIAN ASSOCIATION OF PHYSICISTS 
ASSOCIATION CANADIENNE DES PHYSICIENS ET PHYSICIENNES

ANNUAL GENERAL MEETING 
ASSEMBLÉE GÉNÉRALE ANNUELLE

DATE: Tuesday, June 15, 2004
Mardi, le 15 juin, 2θ04

TIME/HEURE: 17h00

PLACE: Room/Salle Victoria, Delta Hotel, Winnipeg, Manitoba

DRAFT AGENDA / ORDRE DU JOUR PROVISOIRE
1. Call to Order and Approval of the Agenda

2. Approval of the Minutes of the June 11,2003 Annual General Meeting
.1 Matters arising from the Minutes

3. Annual Report
.1 Audited Financial Statements to December 31, 2003 
.2 Membership Report

4. Appointment of Auditors

5. Report on the Activities of the Association
.1 Update on Engineering Acts
.2 Update on Professional Certification / Trademark
.3 Science Policy / Lobbying
.4 Preliminary Results from CAP Membership Survey
.5 Meetings with the APS
.6 2005 Year of Physics
.7 Other Matters

6. Report by the Chair of the 2004 Local Organizing Committee

7. Host Universities - Future Congresses

8. New Business
.1 2005 Membership Fees (R. Hodgson)
.2 Report of the Canadian National IUPAP Liaison Committee (H. van Driel) 
.3 Report by the Editor of Physics in Canada (J.S.C. McKee)
.4 Report by the Editor of the Canadian Journal of Physics (G.W.F. Drake)
.5 CUPC 2004 at U. Victoria (Jennifer Barker)

9. Report of the Nominating Committee

10. Votes of Thanks and Change of the Chair

11. Date and Place of Next Meeting

12. Adjournment
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Sp e c ia l  Even ts

I m p r o v i n g  t h e  Cl i m a t e  f o r  W o m e n  i n  Ph y s ic s

A special event organized by the Committee to Encourage Women in Physics
CAP Congress 

Monday, June 14; 5:00 pm  
Delta Hotel; Colbourne Room 

Reception to Follow
BARBARA L. WHITTEN, Colorado College 

What Works for Women in Undergraduate Physics?

The participation of women in physics has increased in recent years, but the percentage of women in undergraduate physics is still less than half that in mathemat­
ics and chemistry This is due in large part to the “leaky pipeline”—women become more scarce in physics with every step up the academic ladder. The largest 
decrease occurs between high school physics and college graduation, so it is worthwhile to look at how undergraduate physics departments try to make women 
comfortable. With a team of women physicists, I visited nine undergraduate physics departments in the US. We compared those that are successful in producing a 
large percentage of women majors (about 40%) with those that are more typical of the national average (about 20%). We found that the most important factor is a 
warm and female-friendly department culture that reaches out to introductory students. I'll discuss the factors that make up a female-friendly culture, and describe 
other results of our research.

Ne w  Fa c u l t y  Lu n c h e o n  /  Dé j e u n e r  p o u r  l e s  n o u v e a u x  p r o f e s s e u r (e )s

Pr i v a t e  D i n i n g  Ro o m , D e l t a  H o t e l , W i n n i p e g

We extend a special invitation to new Faculty members to attend 
the CAP Congress, to be held at the Delta Hotel in Winnipg, 
Manitoba, from the 13th to the 16th of June 2004. The CAP 
Congress is a unique opportunity to meet and hear colleagues 
from universities across Canada, and to discover a part of our 
country. For new Faculty members who choose to attend the 
Congress, we have organized a special luncheon at 12:30 p.m. 
on Wednesday, June 16th. This luncheon will be hosted by the 
CAP's Director of Academic Affairs. NSERC representatives will 
give a short presentation followed by a question period and a 
round table discussion of issues of interest to new professors.

If you would like to attend, please let us know by e-mail at 
cap@physics.uottawa.ca. We welcome any suggestions regard­
ing information that you would like to obtain from NSERC, or top­
ics that you would like to hear discussed at the round table.

I hope to see you in Winnipeg.

Mike Morrow, P.Phys.
Vice President of the CAP

N.B. A new professor is any regular Faculty member who started 
after December 31st, 2002.

Nous lancons une invitation spéciale aux nouveaux professeurs d'as­
sister au Congrès de l'ACP à l'Hôtel Dela, Winnipeg, Manitoba du 13 
au 16 juin. Le Congrès de l'ACP est une occasion unique de rencon­
trer et d'écouter vos collègues des autres universités canadiennes, en 
plus de découvrir un joli coin de notre pays. Pour les nouveaux pro­
fesseurs, qui assisteront au Congrès, nous avons aussi organisé un 
déjeuner spécial à 12h30 le mercredi 16 juin. Le déjeuner sera 
animé par le Directeur des affaires académiques de l'ACP. Des 
représentants du CRSNG vont faire une courte présentation sur les 
programmes disponibles aux professeurs de physique au Canada et 
demeureront pour répondre à vos questions. La discussion sera suiv­
ie d'une table ronde sur les sujets d'intérêt aux nouveaux pro­
fesseurs.

Si vous aimeriez assister au déjeuner, veuillez nous le laisser savoir 
en envoyant un courrier électronique à cap@physics.uottawa.ca. 
Toutes les suggestions que vous auriez sur les sujets que vous 
aimeriez entendre discuter par les représentants du CRSNG ou à la 
table ronde seront bienvenue.

J'espère vous voir à Winnipeg.

Mike Morrow, phys.
Vice-Président de l'ACP

N.B. Un nouveau professeur est tout professeur régulier qui est entré 
en fonction après le 31 décembre 2002.

NSERC Workshop Monday/Lundi, June 14 juin
16h00 ; Room/salle Strathcona

Tips to Prepare Your Next Discovery Grant Application
Conseils pour l'élaboration de votre prochaine demande de subvention à la découverte

NSERC staff and Grant Selection Committee members will present an interactive overview of the peer review 
process, inform you of the latest changes at NSERC, give useful advice for the preparation of your next 
NSERC application and answer your questions on the functioning of grant selection committees. The work­
shop is open to all researchers. It will be particularly helpful to new faculty members and researchers likely to 
apply (or re-apply) in the fall.

Des employés du CRSNG et des membres des comités de sélection des subventions du CRSNG donneront 
une présentation en mode interactif sur le processus d'évaluation par les pairs, vous renseigneront sur les 
derniers changements opérés au CRSNG, vous donneront des conseils utiles pour l'élaboration de votre 
prochaine demande de subvention au CRSNG et répondront à vos questions sur le fonctionnement des 
comités de sélection des subventions. Tous les chercheurs peuvent participer à l'atelier, qui sera particulière­
ment utile aux professeurs et aux chercheurs récemment embauchés qui comptent soumettre une demande 
(ou une nouvelle demande) à l'automne.
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2005 - Année mondiale de la physique

W o r l d  Ye a r  o f  Ph y s ic s  - 2005 - A n n é e  m o n d ia l e  d e  l a  p h y s iq u e

2005 has been designated the World Year of Physics. Physical soci­
eties around the globe will be arranging and/or coordinating events 
to celebrate the 100th anniversary of the publishing of Einstein’s 
three famous papers. The central theme for the year is Public 
Outreach. Check out the CAP’s WYP2005 website at 
http://www.cap.ca for more information.

Anyone who is planning a physics-related event during 2005 is invit­
ed to submit information about the event -- including date, location, and contact details 
for more information -- to the CAP office at cap@physics.uottawa.ca for inclusion on the 
central website.

In 2005, the CAP will be celebrating its 60th anniversary. Special events will be organ­
ized at the 2005 CAP Congress at the University of British Columbia to celebrate both of 
these special occasions.

A planning meeting of the WYP2005 Organizing Committee will be held at 3:00 p.m. on 
Tuesday, June 15th in the Heartland Boardroom of the Delta Hotel in Winnipeg. Anyone 
interested in WYP2005 events is welcome to attend.

Ca l e n d a r  /  Ca l e n d r ie r

2004 June 6-9

2004 June 10-14

2004 June 21-23

2004 July 2-6 

2004 Aug. 16-22

2004 Aug. 18-21

2004 Sept. 6-10

2004 Sept. 27-29

2005 July 11-15

25th Annual Conference of the Canadian Nuclear Society, Marriott Eaton Centre Hotel, Toronto, 
Ontario, Canada. Visit www.cns-snc.ca

CCWEST 2004 Conference, Brock University, St. Catharines, Ontario. Visit 
http://www.brocku.ca/fms/ccwest2004

64th Annual Physical Electronics Conference, University of California at Davis. Visit 
http://www.physicalelectronics.org/

6th EPS Liquid Matter Conference, Utrecht. Visit www.liquids2005.nl.

32nd International Conference on High Energy Physics (ICHEP04), Beijing, China. Visit 
www.ichep04.ihep.ac.cn

2004 Crystallography at High Pressure Workshop, Canadian Light Source, Saskatoon, 
Saskatchewan, Canada. Visit www.lightsource.ca/iucr2004/.

12th International Conference on the Physics of Highly Charged Ions, Villinius, Lithuania. Visit 
www.itpa.IT/hci2004/ or contact hci2004@itpa.it.

Photonics North, Ottawa Congress Centre, Ottawa, Ontario. Visit www.spie.org/info/pn

EPS13 - 13th General Conference of the European Physical Society (WYP2005 event), 
University of Bern, Bern, Switzerland. Visit http:ééwww.eps13.org
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Abbr ev ia tio n  Key

Ab b r e v ia t io n  Ke y  /  Co d e s  d e s  a b b r e v ia t io n s

Organizations
BSC Biophysicial Society of Canada

Société de biophysique du Canada

CAP Canadian Association of Physicists
Association canadienne des physiciens et physiciennes

CASCA Canadian Astronomical Society
Société canadienne d’astronomie

COMP Canadian Organization of Medical Physicists
Organisation canadienne des physiciens médicaux

Divisions

DAMP
DPAM

Division of Atomic and Molecular Physics 
Division de physique atomique et moléculaire

DOP Division of Optics and Photonics 
Division d’optique et photonique

DASP
DPAE

Division of Atmospheric and Space Physics 
Division de physique atmosphérique et de l’espace

DPE
DEP

Division of Physics Education
Division de l’enseignement de la physique

DCMMP Division of Condensed Matter and Materials 
Physics

DPP Division of Plasma Physics 
Division de physique des plasmas

DPMCM Division de physique de la matière condensée et 
matériaux DSS Division of Surface Sciences 

Division de la science des surfaces

DMBP
DPMB

Division of Medical and Biological Physics 
Division de physique médicale et biologique DTP

DPT
Division of Theoretical Physics 
Division de physique théorique

DIAP
DPIA

Division of Industrial and Applied Physics 
Division de physique industrielle et appliquée PPD Particle Physics Division 

Division de physique des particules

DIMP

DPIM

Division of Instrumentation and Measurement 
Physics
Division de physique des instrumentation et mesures

CEWIP
CEFEP

Committee to Encourage Women in Physics 
Comité d’encourager les femmes en physique

DNP
DPN

Division of Nuclear Physics 
Division de physique nucléaire

Sessions

SA-A#
SA-P#
SU-CHAIRS

SU-A#
SU-P#
SU-KEY
MO-A#
MO-P#
MO-STUD

MO-POS#
TU-A#
TU-P#
WE-A#
WE-P#

Saturday A.M. Session / Session du samedi matin 
Saturday P.M. Session / Session du samedi après-midi
Sunday Physics Department Heads/Chairs Workshop / Réunion des directeurs de départements de 

physique le dimanche
Sunday A.M. Session / Session du dimanche matin
Sunday P.M. Session / Session du dimanche après-midi
Sunday Keynote Speaker / Session plénière publique du dimanche soir
Monday A.M. Session / Session du lundi matin
Monday P.M. Session / Session du lundi après-midi
Monday Best Graduate Student Paper Competition / Compétition de la meilleure présentation étudiante, le 

lundi après-midi
Monday evening Poster Session / Session d’affiche du lundi soir 
Tuesday A.M. Session / Session du mardi martin 
Tuesday P.M. Session / Session du mardi après-midi 
Wednesday A.M. Session / Session du mercredi matin 
Wednesday P.M. Session / Session du mercredi après-midi
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Conférenciers invités

In v i t e d  Sp e a k e r s  /  Co n f é r e n c ie r s  in v it é s
( in alphabetical order /  selon l'ordre alphabétique )

AFFLECK, lan (DTP /DPT) [TU-P7-1]
University of British Columbia

Field-Induced Phase Transition in Anisotropic Haldane Gap 
Antiferromagnetic Chains

ALVARADO-GIL, Juan J. (DIMP /DPIM) [WE-A8-2]
University of Guelph
study of Blood sedimentation by Photothermal and optical 
Techniques

ANDREOIU, Corina (DNP /  DPN) [WE-P5-3]
University of Guelph

Doorway States in the Gamma Decay-Out of the Yrast 
Superdeformed Band in 59Cu

ANTONIOW, Jean-Stéphane (DIMP /DPIM) [WE-P6-4]
Reims University
(Photo)(Photo)Thermal Imaging Using a Modified Atomic Force 
Microscope (AFM) Combined with Pyroelectric Detection

ARKANI-HAMED, Nima (DTP /DPT) [TU-A2-1]
Harvard University

The Crises Of Frontier Physics: From The Hubble Length to the 
Planck Length

BACHER, Andrew (DNP /  DPN) [MO-P8-3]
Indiana University/IUCF
Observation of Charge Symmetry Breaking in the Reaction d-d 6
4He-n

BAESSO, Mauro L. (DIMP /DPIM) [WE-A12-3]
Universidade Estadual de Maringa, Brazil

Time Resolved Thermal Lens for Thermo-Optical Measurements in 
Transparent Materials During Phase Modification

BARBER, Robert (CAP/COMP Peter Kirkby Memorial Medal winner - 
récipiendaire de la médaille de commémorative Peter Kirkby)
University of Manitoba [WE-P1-1]

iUPAP - A Brief introduction

BATTISTA, Jerry J. (DIAP /  DPIA) [WE-P8-1]
London Regional Cancer Centre /  University of Western Ontario

On-Line CT Imaging for Precision Radiotherapy

BEAULIEU, Luc (DIAP-DIMP /  DPIA-DPIM) [WE-A8-4]
Université Laval

Scintillating Optical Fibers as High Precision, Small Area 
Dosimeters in Radiation Therapy

BEAULIEU, Luc (DNP /  DPN) [WE-P5-4]
Université Laval
The Dynamics of Neck Formation and its isospin Dependence

BENSIMON, David (DCMMP /  DPMCM) MO-A5-1]
École normale supérieure, France
The Elastic Behaviour of a Real Polymer: The Case of ssDNA

BERNDSEN, Aaron (DTP - PPD /  DPT - PPD) [TU-A9-3]
CHEP/McGill U.

Aspects of Brane-Gas Cosmology

BOCCARA, Claude (DIMP /DPIM) MO-P9-1]
École supérieure de physique et chimie industrielles

Optical Imaging in Turbid Media: New Developments

BONN, Douglas (DCMMP /  DPMCM) [MO-P11-1]
University of British Columbia

Dying Gasps of a d-Wave Superconductor

BRIGGS, Matthew (DIMP /DPIM) [WE-A12-4]
Los Alamos National Laboratory
Optical Velocity-Measurement Techniques for Supersonic Surfaces

BRONSKILL, Michael (CCPM /  CCPM) [MO-A12-4]
Sunnybrook and Women's College Health Sciences Centre/ 

University of Toronto
Imaging Physics Meets Public Perception: Is Private MRI Bad?

BRONSKILL, Michael (DMBP /DPBM) [TU-P13-1]
Sunnybrook and Women's College Health Sciences Centre/ 

University of Toronto
MRI Guidance for the New Sounds of Tumour Therapy

BROWN, Jeremy (DMBP /DPBM) [TU-P13-3]
Queen's University
Development and Applications of High Frequency Ultrasound 
Imaging Systems

BROWN, Jo-Anne (CASCA /  CASCA) [TU-A17-1]
University of Calgary

Visualizing the Invisible Using Polarization Observations

BUYERS, Williams J.L. (DCMMP /  DPMCM) [MO-P11-4]
National Research Council

Spins and Paired Carriers in a Superconductor that is Nearly an 
Antiferromagnet - Who Pushes Whom?

CALAMAI, Peter (CAP /  ACP) [MO-P6-1]
Toronto Star
Don’t Overlook Images Created with Words

CARRINGTON, Margaret (DTP /DPT) [MO-A10-1]
Brandon University
Transport Theory Beyond Binary Collisions

CHAKRABORTY, Tapash (DCMMP /  DPMCM) [TU-A13-1]
University of Manitoba
How to Probe a Fractionally-Charged Quasihole

CHAPMAN, Dean (BSC /  SBC) [WE-A14-2]
University of Saskatchewan
New Sources of X-ray Imaging Contrast

Ch r is t ia n , Carol (c a p  /  a c p ) [su -p 3-2]
STSci

Putting Research Science and Education Together: Lessons 
Learned from HST

Ch r is t ia n , Carol (c a s c a  /  c a s c a ) [MO-A12-3]
STSci
Public Impact of Scientific Images: Examples from Space Science
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Invited Speakers

CLARKE, Robert (DMBP /DPBM) [TU-P13-2]
Carleton University

High Intensity Focused Ultrasound for Non-Invasive Therapy

CORRIVEAU, François (PPD /  PPD) [TU-P5-3]
IPP/McGill University
Recent ZEUS Results at HERA

CÔTÉ, Michel (DCMMP /  DPMCM) [TU-A7-1]
Université de Montréal
Virtual Experiments: Applications of Density Functional Theory 
on Large-Scale Computational Facilities

DAS, Saurya (DTP /DPT) [WE-P10-1]
University of Lethbridge
Black Holes in Future Colliders

DASGUPTA, Arundhati (DTP /DPT) [WE-P10-5]
Université Libre de Bruxelles
Entropy of a Black Hole Apparent Horizon

DATTA, Alakabha (DTP /DPT) [TU-P6-4]
University of Toronto
Getting CP Violating Phase Information from b &rarr; d 
Penguins

DAVIDGE, Tim (CASCA /  CASCA) [TU-P10-1]
National Research Council
Adaptive Optics Systems on Canadian Telescopes

DENNISTON, Colin (DCMMP /  DPMCM) [TU-P4-2]
University of Western Ontario
Dynamic Boundaries in Complex Fluids

DICK, Rainer (DTP /DPT) [TU-P6-5]
University of Saskatchewan
Theoretical Aspects of Ultra-High Energy Cosmic Rays

DILLING, Jans (DNP /  DPN) [WE-A11-3]
TRIUMF
Ion Traps in Nuclear Physics: the Ultimate Tool for Precision 
Experiments

DRAKE, Gordon (DAMP /  DPAM) [TU-P9-1]
University of Windsor
Exotic Nuclear Size Measurements from High Precision Atomic 
Theory

DUBINSKI, John (CASCA /  CASCA) [WE-P3-1]
University of Toronto
A Universe in Motion : Dynamical Evolution of Galaxies in the 
New Cosmological Paradigm

DUTTA, Bhaskar ((DTP /DPT) [TU-P6-1]
University of Regina
Minimal SO(10) Model for Neutrinos and its Implications

EDERY, Ariel (DTP /DPT) [TU-A8-4]
Bishop's University
Compact Formulas for Casimir Energies in D-Dimensions via 
Operator Technique

EMBERLY, Eldon (DCMMP /  DPMCM) [WE-A9-3]
Simon Fraser University
The Smallest Molecular Switch

FENSTER, Aaron (DMBP /DPBM) [WE-A3-1]
Robarts Research Institute
Use of 3D Ultrasound Imaging in Diagnosis, Treatment and 
Research: Advances and Opportunities

FENSTER, Aaron (DIAP /  DPIA) [WE-P8-4]
Robarts Research Institute
From Concept to Product: 3D Ultrasound Imaging for Diagnosis 
and Treatment

FORDE, Nancy (DCMMP /  DPMCM) [SU-A4-2]
UC Berkeley

Using Optical Tweezers to Study Single-Molecule Reactions in 
Real Time*

FORTIER, Tara (DAMP /  DPAM) [WE-A16-1]
JILA, University of Colorado at Boulder
Carrier-Envelope Phase Stabilized Modelocked Lasers

FRANZ, Marcel (DCMMP /  DPMCM) [MO-P11-2]
University of British Columbia

Nodal Protectorate in Underdoped Cuprates

GALE, Charles (DTP /DPT) [MO-A10-2]
McGill University

Electromagnetic Signals from Matter Under Extreme Conditions

GALINDO-URIBARRI, Alfredo (DNP /  DPN) [WE-P5-1]
Oak Ridge National Laboratory
Nuclear Spectroscopy with Radioactive Ion Beams: Latest Results 
from HRIBF

GARCIA, Jose (DIMP /DPIM) [TU-A12-1]
PTD Inc.

Photo-Carrier Radiometry of Semiconductors: Instrumentation 
and Ion-Implantation Studies

GRAHAM, Kevin (PPD /  PPD) [WE-A10-1]
Queen's University
Recent Results from the Sudbury Neutrino Observatory

GRÉGOIRE, Thomas (DTP /DPT) [TU-A9-4]
CERN

Little Higgs Models and Electroweak Precision Measurements

GRIFFIN, Allan (DAMP /  DPAM) [TU-A14-4]
University of Toronto

Molecular BEC Condensate vs a BCS Superfluid in a Trapped 
Atomic Fermi Gas

GUREVICH, Yuri (DIMP /DPIM), [TU-A12-2]
CINVESTAV

The Transport of Nonequilibrium Carriers in Semiconductor 
Structures (New Point of View)

GWINNER, Gerald (DNP /  DPN) [MO-P8-2]
University of Manitoba
A New Test of the Special Theory of Relativity with the 
Heidelberg Test Storage Ring

HA, Bae-Yeun (DCMMP /  DPMCM) [SU-A4-3]
University of Waterloo
Statics and Dynamics of Biopolymers: Theory and Biological 
Relevance
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HACKMAN, Greg (DNP /  DPN) [WE-P5-2]
TRIUMF

TRIUMF-ISAC Gamma-Ray Escape Suppressed Spectrometer 
(TIGRESS)

HALLEN, Hans (DIMP /DPIM) [TU-A12-3]
North Carolina State University
Electron-Induced Motion of Atoms: Mechanisms and Insights 
about Hot Electron Transport

HALLEN, Hans (DIMP /DPIM) [TU-P8-3]
North Carolina State University
Electric Field Effects in Nanoscale Raman Spectroscopy

HALLIN, Emil (DIAP / DPIA) [WE-P8-2]
Canadian Light Source
The Applied Science Program at the Canadian Light Source

HARRIS, Gretchen (CASCA /  CASCA) [TU-A14-1]
Goddard University
CASCA 1971-2004: The Story So Far

HASINOFF, Michael (DNP /  DPN) [MO-P8-4]
University of British Columbia
A Test of Time Reversal Invariance in Stopped Kaon Decay

HAUGEN, Harold (DAMP /  DPAM) [TU-A10-1]
McMaster University
Selected Studies of Femtosecond Laser Ablation and Modification 
of Semiconductors*

HEPBURN, John (DAMP /  DPAM) [TU-A14-1]
University of British Columbia
Spectroscopy and Dynamics of Threshold Ionization of Clusters 
and Small Molecules

HERBUT, Igor (DTP /DPT) [TU-P7-2]
Simon Fraser University
Theory of Underdoped Cuprates as Fluctuating d-wave 
Superconductors

HIGGS, Paul (DMBP-DCMMP /DPBM-DPMCM) [MO-P13-5]
McMaster University
Bacterial Phylogenetics and Horizontal Gene Transfer

HILL, Ian (DCMMP /  DPMCM) [TU-P4-4]
Dalhousie University
Contact Resistance in Organic Thin-Film Transistors

HIROSE, Akira (DPP /  DPP) [WE-P9-1]
University of Saskatchewan
Anomalous Electron Thermal Conductivity in Tokamaks

HOEKSTRA, Henk (CASCA /  CASCA) [WE-P13-1]
CITA
Astrophysical Evidence for Dark Matter

HOLDOM, Bob (DTP /DPT) [TU-A9-1]
University of Toronto
Ghostly Tales

HUSAIN, Viqar (DTP /DPT) [WE-P10-2]
University of New Brunswick

Singularly Resolution in Quantum Gravity

HWANG, Una (CASCA /  CASCA) [TU-A11-1]
NASA's Goddard Space Flight Center
Windows into Nucleosynthesis from X-Ray Observations of 
Supernova Remnants

JAEGER, Nicolas (CAP-INO Medal winner /  récipiendaire de la médaille
l'ACP-INO) [MO-P3-1]

University of British Columbia
Optical Sensors for Power Utility Applications

JAEGER, Wolfgang (DAMP /  DPAM) [TU-A14-2]
University of Alberta
Spectroscopy of HeN-Molecule Clusters: A Probe of the Onset of 
Superfluidity?

JALILEHVAND, Farideh (BSC/  SBC) [WE-A14-3]
University of Calgary
X-Ray Absorption Spectroscopy in Natural Sciences; Exploring 
New Possibilities

KAERN, Mads (DMBP-DCMMP /DPBM-DPMCM) [MO-P13-2]
Boston University
Gene Regulatory Systems: Roles of Physics in Post-Genomic 
Biology

KARLEN, Dean (PPD /  PPD [MO-A8-3]
University of Victoria
The Future Linear Collider Project

KASPI, Victoria (CAP Herzberg Medal winner /  récipiendaire de la médaille 
ACP Herzberg) [TU-P3-1]
McGill University
Revolutions in Neutron Star Astrophysics

KEMPF, Achim (DTP /DPT) [MO-P10-5]
University of Waterloo
Towards a Notion of Qubit Density for Quantum Fields in Curved 
Spacetime

KILFOIL, Maria (DCMMP /  DPMCM) [TU-P4-3]
McGill University
Consequences of Being Soft: Equilibrium Concepts in 
Nonequilibrium, Soft Materials Using Real Space Imaging

KNOBEL, Robert (DCMMP /  DPMCM) [WE-A9-2]
Queen's University
Integrated Mechanics and Electronics at the Nanoscale

KOBES, Randy (DTP /DPT) [MO-P10-3]
University of Winnipeg
Exploring Paths in Adiabatic Quantum Computing

KOLIOS, Michael (DIMP /DPIM) [TU-P8-1]
Ryerson University
Micrometer Particle Sizing Using High Frequency Ultrasound 
with Biological Applications

KOLIOS, Michael (DMBP /DPBM) [TU-P13-4]
Ryerson University
High Frequency Ultrasound Imaging and Spectroscopy for the 
Imaging of Cell Damage and Death

KORDAS, Kostas (PPD /  PPD [TU-P5-1]
University of Toronto
Recent Results from the Collider Detector at Fermilab
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KOTLICKI, Andrzej (DIAP /  DPIA) [WE-A8-3]
University of British Columbia
Applied Research at the Structured Surface Physics Laboratory at 
UBC

KREUZER, Jurgen (DCMMP /  DPMCM) [SU-A4-4]
Dalhousie University
Stretching and Confinement of Single Polymer Molecules and the 
Growth of a Polymer Brush: A First Principles Theory

KRIEGER, Peter (PPD /  PPD [MO-A8-2]
University of Toronto

The ATLAS Detector at the Large Hadron Collider

KRULL, Ulrich J. (DIMP /DPIM) [WE-A8-1]
University of Toronto at Mississauga

Genomic Target Identification using Imaging of Distributed 
Gradients of Oligonucleotide Probes in Conjunction with 
Microfluidics

KUNSTATTER, Gabor (DTP /DPT) [WE-A13-1]
University of Winnipeg

Vibrational Modes of Black Holes and their Quantum 
Gravitational Microstates

LAFLAMME, Ray (DTP /DPT) [MO-P10-1]
University of Waterloo
NMR and Quantum Information Processing

LAKE, Kayll (DTP /DPT) [WE-A13-5]
Queen's University
Recent Developments in Computer Algebra Applied to General 
Relativity

LEE, Taejin (DTP /DPT) [TU-A9-2]
University of British Columbia
Free Field Representation of Rolling Tachyon

LEWIS, Randy (DTP /DPT) [MO-A10-3]
University of Regina
Lattice QCD Phenomenology and its Limits

LOLY, Peter /  STINNER, Arthur (DPE /  DEP) [SU-A1-8]
University of Manitoba
Using the History of Science to Present the Evolution of Major 
Concepts in Physics

MANDELIS, Andreas (DIMP /DPIM) [MO-P9-2]
University of Toronto

Laser Photo-Thermo-Acoustic Frequency Swept Heterodyned 
Lock-in Depth Profilometry for Three-Dimensional Sub-Surface 
Tissue Imaging

MANN, Robert (DTP/DPT) [MO-A10-5]
University of Waterloo
Revised Radiative Electroweak Symmetry Breaking: Further 
Results

MANN, Robert (DTP /DPT) [WE-A13-2]
University of Waterloo
Mass Conjectures, Entropy Bounds and the dS/CFT 
Correspondence

MANOGUE, Corinne (DPE /  DEP) [SU-A1-6]
Oregon State University
Revitalizing the Upper-Division Physics Curriculum

MARKO, John (DCMMP /  DPMCM) [SU-P4-1]
University of Illinois at Chicago
Micromanipulation Study of Chromatin Fibers and Whole 
Chromosomes

MARLEAU, Luc (DTP /DPT) [TU-P6-2]
Université de Laval
Revisiting the Skyrme Model

MARTIN, James (DAMP /  DPAM) [WE-A11-2]
University of Waterloo
Dipole-Dipole Interactions between Ultracold Rydberg Atoms

MARZIALI, André (DCMMP /  DPMCM) [SU-P4-3]
University of British Columbia
A Single-Molecule Nanosensor For Oligonucleotide Identification

MATTHEWS, Jaymie (CASCA /  CASCA) [SU-A1-7]
University of British Columbia
Distance Learning from 820 km Straight Up:The Educational 
Potential of the MOST Space Telescope

MATTHEWS, Jaymie (CASCA /  CASCA) [TU-A15-1]
University of British Columbia
Space Science in a Suitcase: Early Results from MOST

MATZNER, Chris (CASCA /  CASCA) [TU-A11-2]
University of Toronto
Energy Feedback in Core-Collapse Supernovae

MAZINI, Rachid (PPD /  PPD [TU-P5-2]
University of Toronto

The ATLAS Detector Physics Potential

MICHAELIAN, Kirk (DIMP /DPIM) [WE-A12-1]
CANMET Energy Technology Centre-Devon

Dispersive Photoacoustic Spectroscopy of Hydrocarbons

MILDENBERGER, Joseph (PPD /  PPD) [MO-P7-2]
TRIUMF

Latest Results from the Search for K ^  π νν

MOORE, Guy (DTP /DPT) [MO-A10-4]
McGill University
Strong Bounds on Lorentz Symmetry Violation

MUNGER, Rejean (DOP /  CASCA) [TU-P10-3]
University of Ottawa Eye Institute
Adaptive Optics: Implications to Optical Correction of the Eye

NG, Kenneth (BSC /  SBC) [WE-A14-4]
University of Calgary
Protein Crystallography and Antiviral Drug Design

NOIREAUX, Vincent (DMBP-DCMMP /DPBM-DPMCM) [MO-P13-3] 
Rockefeller

From In Vitro Genetic Circuits to an Artificial Cell

OELERT, Walter (DNP /  DPN) [MO-P8-1]
Forschungszentrum Juelich

Observation of Cold Antihydrogen - Perspectives for Testing 
Fundamental Symmetries
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OSHIKAWA, Masaki (DTP /DPT) [TU-P7-3]
Tokyo Institute of Technology

Junctions of Three Quantum Wires and the Dissipative 
Hofstadter Model

OSER, Scott (PPD /  PPD [MO-A8-1]
University of British Columbia
Long-Baseline Neutrino Oscillations at K2K and J-PARC

OTTENSMEYER, Peter (BSC /  SBC) [MO-A12-1]
University of Toronto
Images of the Invisibly Small: from Atoms to Biomacromolecular 
Structure and Function

PAGE, Don (DTP /DPT) [WE-A13-3]
University of Alberta
Particle Production in a Tunneling Universe

PATERA, Jiri (CAP-CRM Prize winner /récipiendaire du prix ACP-CRM) 
Université de Montréal [MO-P2-1}
Deterministic Aperiodic Multidimensional Point Sets, Their 
Properties And Exploitation

PATERA, Jiri (DTP /DPT) [TU-A8-5]
Université de Montréal
Orbit Functions of Compact Lie Groups and their Applications

PEARSON, Mathew (DNP /  DPN) [WE-A11-1]
TRIUMF
Nuclear Physics from Cold, Trapped Atoms

PEEBLES, P. James E. (CASCA-CAP /  CASCA-ACP) [SU-KEY]
Princeton University
A Cosmic Picture Show: Images from Astronomy

PERCY, John (CASCA /  CASCA) [SU-P3-3]
University of Toronto
Variable Stars: Dynamic Tools for Hands-On Astronomy and 
Physics Education

POISSON, Eric (DTP /DPT) [WE-A13-4]
University of Guelph
The Gravitational Self-Force

POSPELOV, Maxim (DTP /DPT) [TU-A9-5]
University of Victoria
Search for Dark Matter in b 6  s  Transition with Missing Energy

QUIRION, Guy (DCMMP /  DPMCM) [WE-P4-1]
Memorial University of Newfoundland
Investigation of the Phase Diagram of UNi2Si2

RAGAN, Ken (PPD /  PPD [WE-A10-2]
McGill University
STACEE Continues, VERITAS Lives !

RICKEY, Daniel (COMP /OCPM ) [SU-A1-5]
CancerCare Manitoba
Medical Physics at the Undergraduate and High School Levels

ROGERS, David (COMP /OCPM ) [WE-A7-1]
Carleton University
Monte Carlo Simulation of Electron-Photon Transport: from 
Particle Physics to Cancer Radiotherapy

RONEY, Michael (PPD /  PPD) [MO-P7-1]
University of Victoria
Recent Results from the BaBar Experiment

ROORDA, Austin (DOP /  CASCA) [MO-A12-2]
University of Houston College of Optometry
From Telescope to Ophthalmoscopes: Adaptive Optics for 
Microscopic Imaging of the Living Eye

ROSEI, Federico (DCMMP /  DPMCM) [WE-A9-1]
INRS-EMT, Université du Québec
Critical Issues in Ge/Si Nanostructures: Positioning, Intermixing 
and Ripening

ROWE, David J. (DTP /DPT) [TU-A8-3]
University of Toronto
Quasi-Dynamical Symmetry in the Approach to a Second-Order 
Phase Transition

RUTH, Thomas (DIAP /  DPIA) [WE-P8-5]
TRIUMF

Production of Radioisotopes for Research in Bioscience and 
Physical Science

SAINT-AUBIN, Yvan (DTP /DPT) [TU-P7-5]
Université de Montréal
Behavior of the Two-Dimensional Ising Model at the Boundary of 
a Half- Infinite Cylinder

SANDERS, Barry (DTP /DPT) [MO-P10-2]
University of Calgary

Quantum Information Processing with Continuous Variables

SCHADE, David (CASCA /  CASCA) [WE-A6-1]
NRC/CADC

Data Mining and the Virtual Observatory

SCHATZ, Hendrik (DNP /  DPN) [TU-A11-3]
Michigan State University

Nuclear Physics on Accreting Neutron Stars - from X-Ray Bursts 
to Superbursts

SEAQUIST, Ernie (CASCA /  CASCA) [WE-A18-1]
University of Toronto
The Galaxy M82 - a Rosetta Stone for the Starburst Phenomenon

SEVICK, Edit (DCMMP /  DPMCM) [SU-A4-1]
Australian National University
The Fluctuation Theorem as a Generalised Second-Law for 
Nanomachines and Single Biopolymer Manipulations: Optical 
Tweezers Experiments and Beyond

SHAPIRO, Evgeny (DAMP /  DPAM) [WE-A16-3]
National Research Council

Arbitrary Shaping of Molecular Wavepackets by AC Stark Shifts

SHEN, Jun (DIMP /DPIM) [WE-A12-2]
National Research Council Canada
Photothermal Beam Deflection Techniques Applied to the Non­
Destructive Measurements of Thermophysical Properties

SHEPARD, Stephen M. (DIMP /DPIM) [WE-P6-2]
Thermal Wave Imaging Inc.
Pulsed Thermography: Perspectives on the Evolution from 
Qualitative to Quantitative Application
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SHERIF, Helmy (Excellence in Teaching Medal winner - récipiendaire de la 
médaille de l'ACP pour l'excellence en enseignement de la physique) 
University of Alberta [MO-A3-1]

A Discussion of Spin: From Teaching to Research

SIPE, John (DAMP /  DPAM) [TU-A10-3]
University of Toronto
Optically Injected Spin Currents in Semiconductors

SLATER, Gary (DCMMP /  DPMCM) [SU-P4-2]
University of Ottawa

Single-Molecule Polymer Physics: The Role of Molecular 
Dynamics Simulations

SNIATYCKI, Jedrzey (DTP /DPT) [TU-A8-2]
University of Calgary
Gauge Symmetries in Yang-Mills Theory

SORENSEN, Erik (DCMMP /  DPMCM) [TU-A7-2-]
McMaster University
Kondo Effect and Persistent Currents in Quantum Dot Systems

STAMP, Philip (DTP /DPT) [MO-P9-4]
University of British Columbia

Decoherence Mechanisms and the Dynamics of Decoherence in 
Qubit Networks

STINNER, Arthuj/LOLY, Peter (DPE /  DEP) [SU-A1-8]
University of Manitoba
Using the History of Science to Present the Evolution of Major 
Concepts in Physics

SUTHERLAND, Michael (DCMMP /  DPMCM) [MO-P10-3]
University of Toronto
Nodal Metallic Phase in Underdoped Cuprates

SWAIN, Peter (DMBP-DCMMP /DPBM-DPMCM) [MO-P13-1]
McGill University
Stochastic Gene Expression in Single Cells

THEWALT, Michael (Brockhouse Medal winner /  récipiendaire de la 
médaille Brockhouse) [SU-P1-1]

Simon Fraser University
Redefining the Limits of Semiconductor Spectroscopy

THEWALT, Michael (CAP Medal of Achievement winner - récipiendaire 
de la médaille de l'ACP pour contributions exceptionnelles à la 
physique)
Simon Fraser University [TU-A5-1]
Optical Spectroscopy in Semiconductors

THOMLINSON, William (BSC /  SBC) [WE-A14-1]
Canadian Light Source

The Canadian Light Source: Opportunities in Biomedical 
Research

TREMBLAY, André-Marie (DTP /DPT) [TU-P7-4]
Université de Sherbrooke
Two Ways to Destroy a Fermi Liquid

TROTTIER, Howard (DTP /DPT) [TU-P6-3]
Simon Fraser University
Perturbation Theory for High-Precision Lattice QCD

UNRUH, William (DTP /DPT) [WE-P10-4]
University of British Columbia

Dumb Holes-- Black Holes in the Lab?

VAN WIJNGAARDEN, William (DAMP /  DPAM) [TU-A14-3]
York University

Bose-Einstein Condensation in a QUIC Trap

WADE, Gregg (CASCA /  CASCA) [WE-P6-3]
Royal Military College

Imaging the Surfaces of Stars

WALTON, Mark (DTP /DPT) [TU-A8-1]
University of Lethbridge
Finding NIM-Reps

WESTWOOD, Tim (DMBP-DCMMP /DPBM-DPMCM) [MO-P13-4] 
University of Toronto
Using DNA Microarrays for Functional Genomic Studies

WHITMORE, Mark (DCMMP /  DPMCM) [TU-A7-3]
Memorial University of Newfoundland
High Performance Computing: The New and Growing 
Environment in Canada

WHITTEN, Barbara (CEWIP /  CEFEP) [MO-P16-1]
Colorado College
What Works for Women in Undergraduate Physics?

WICHOSKI, Ubi (PPD /  PPD [WE-P13-2]
Université de Montréal
Status of the Dark Matter Search

WICKHAM, Robert (DCMMP /  DPMCM) [TU-P4-1]
St. Francis Xavier University
Kinetics of Self-Assembly in Block Copolymer Melts

WIEGERT, Paul (CASCA /  CASCA) [MO-A6-1]
University of Western Ontario

Visualizing Dynamics in the Solar System

WOOLGAR, Eric (DTP /DPT) [WE-P10-3]
University of Alberta

The Poincaré Conjecture, Ricci Flow, and the Renormalization 
Group

ZETNER, Peter (DAMP /  DPAM) [TU-P9-2]
University of Manitoba

Progress in the Investigation of Electron Collisions with Laser 
Excited Atoms

ZHOU, Fei (DCMMP /  DPMCM) [WE-A9-4]
University of British Columbia
Spin Correlated Ultra Cold Atoms
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Sommaire du congrès

LEGEND/LEGENDE
CAP Sessions ACP 
Joint Sessions conjointes 
CASCA Sessions CASCA 
COMP Sessions OCPM 
BSC Sessions SBC

CAP/CASCA/COMP/BSC Co n g r e s s  / 
Co n g r è s  d e  l ’ACP/CASCA/OCPM/SBC

Hô t e l  De l t a  Ho t e l , W in n ip e g , Ma n it o b a  

Ju n e  13-16 j u in  2004

Saturday /  Samedi, June 12 juin Unless otherwise stated all rooms 
are at the Delta Hotel.

all day JCSA Meeting / Réunion de JCSA
08h30 - 17h30 COMP Business Meetings / Réunions d ’affaires de l ’OCPM (SA-A1)
08h30 - 14h00 CAP Executive Meeting / Réunion de l'exécutif de l ’ACP (SA-A2)
08h30 - 19h00 CASCA Board and Other Meetings / Réunion du Conseil de CASCA et autres réunions (SA-A3)
08h45 - 16h30 CASCA Student W orkshop and Registration/ Atelier des étudiants et inscription CASCA (SA-A4)
13h00 - 19h30 Conference Registration and Information / Inscription au congrès et information
14h00 - 18h00 CAP Council Meeting (Old and New) / Réunion du conseil (ancien et nouveau) de l ’ACP (SA-P1)

Victoria
Talbot/Wesminster/Strathcona 

Kildonan 
Colbourne 

Univ. of Manitoba Campus 
Lobby 2nd Floor 

Kildonan

Sunday /  Dimanche, June 13 juin
08h00
08h00

08h00
08h30

09h00
09h30

- 19h00 
- 12h30

- 12h30
- 12h30

- 12h00 
- 12h30

13h30 - 14h 15

13h30
14h15

- 15h00 
- 16h15

14h15 - 17h00

14h30 
15h30 
17h00 
19h00

- 17h30 
17h00 
18h30 
- 20h00

20h00-22h30

Conference Registration and Information / Inscription au congrès et information
Enriching our Teaching Through Integration - a.m. session / Enrichissement de notre enseignement par l'intégration
- session du matin (SU-A1) -- CAP-CASCA-COMP / ACP-CASCA-OCPM 
COMP Business Meetings / Réunions d'affaires de l'OCPM (SU-A2)
CAP - Physics Department Heads/Chairs Workshop 
ACP - Réunion des directeurs de départements de physique
IPP Board of Trustees Meeting / Réunion du conseil d'administration de l'IPP (SU-A3)
Single-Molecule Polymer Physics: Fundamental Questions - a.m. session / Physique des polymères monomoléculaires : 
questions fondamentales - session du matin (SU-A4)
CAP Brockhouse Medal W inner / Récipiendaire de la médaille Brockhouse de l'ACP
- MICHAEL THEWALT, Simon Fraser University (SU-P1)

Brachytherapy and Thermal Therapy / Curiethérapie et thérapie thermique (SU-P2)
Enriching our Teaching Through Integration - p.m. session / Enrichissement de notre enseignement par l'intégration
- session d'après-midi (SU-P3) - CAP-CASCA-COMP/ ACP-CASCA-OCPM
Single-Molecule Polymer Physics: Biophysical Applications / Physique des polymères monomoléculaires : applications en 
biophysique (SU-P4)
IPP General Meeting / Assemblée générale (IPP) (SU-P5)
Radiation Treatment Devices / Appareils de radiothérapie (SU-P6)
CCPM Annual General Meeting / Assemblée générale (CCPM) (SU-P7)
CAP’s Herzberg Memorial Lecture - CASCA’s Public Lecture in Astronom y / Conférence publique

commémorative Herzberg de l ’ACP - CASCA’s conférence publique plénière en astronomie 
- Dr. P. James E. Peebles, Princeton University - (SU-KEY)

Opening Reception / Réception d ’accueil

Monday /  Lundi, June 14 juin
07h30 - 17h00 Conference Registration and Information / Inscription au congrès et information 
07h00 - 08h30 “Friends of CAP” Breakfast / Déjeuner des “Ami(e)s de l ’ACP’ (MO-A1)
08h00 - 12h05 Registration and High School Teachers' Workshop

Inscription et Atelier pour les enseignant(e)s de la physique (MO-A2)
08h30 - 09h15 CAP Teaching Medal W inner / Récipiendaire de la médaille d ’enseignement de l ’ACP

- Helmy Sherif, Univ. o f Alberta (MO-A3) - CAP/CASCA/BSC
08h30 - 09h45 Diagnostic Imaging / Imagerie diagnostique (MO-A4)
09h15 - 10h00 Plenary Session / Session plénière - DAVID BENSIMON, École normale supérieure (MO-A5)
09h15 - 10h00 Visualization in Planetary Sciences / Visualisation en science planétaire - PAUL WIEGERT (MO-A6)
10h00 - 12h30 Soft Matter / Matière molle (MO-A7)
10h00 - 12h30 Advances in Instrumentation / Progrès en instrumentation (MO-A8)
10h00 - 12h30 Semiconductors / Semiconducteurs (MO-A9)
10h00 - 12h30 Particle Physics I / Physique des particules I (MO-A10)
10h20 - 10h30 Opening Greetings fo r Imaging Session / Accueil pour la session sur l'imagerie (MO-A11)
10h30 - 12h30 Scientific Images in the Public Sphere / Les images scientifiques dans la sphère publique (MO-A12)
12h30 - 13h30 DCMMP Business Meeting / Réunion d’affaires DPMCM (with lunch / avec repas)
12h30 - 13h30 DTP Business Meeting / Réunion d’affaires DPT (with lunch / avec repas)
12h30 - 13h30 DAMP Business Meeting / Réunion d’affairs DPAM (with lunch / avec repas)
12h30 - 13h20 CASCA JCMT User’s Meeting / Réunion des utilisateurs du TJCM de la CASCA (MO-A13)
12h30 - 13h30 CAP Past Presidents' Lunch / Déjeuner des anciens présidents de l ’ACP (MO-A14)
13h25 - 14h15 Herschel Space Observatory Information Session / Session d'information sur l'observatoire spatial Herschel (MO-P1)
13h30 - 14h 15 CAP-CRM Medal W inner / Récipiendaire de la médaille ACP-CRM

- JIRI PATERA, CRM, Université de Montréal (MO-P2)
13h30 - 14h 15 CAP-INO Medal W inner / Récipiendaire de la médaille ACP-INO

- NICOLAS JAEGER, University of British Columbia (MO-P3)

Lobby 2nd Floor 
Victoria/Albert

Campaign B 
Paragon Restaur.

then Colbourne 
Campaign A 
Ballrooms B/C

Ballrooms B/C

Campaign B 
Victoria/Albert

Ballrooms B/C

Campaign A 
Campaign B 
Campaign B 
Ballrooms A/B/C

Ballrooms A/B/C

Lobby 2nd Floor 
Private Dining Rm 
Colbourne

Ballrooms B/C

Albert
Ballrooms B/C 
Campaign B 
Victoria 
Kildonan 
Ballroom A 
Albert
Ballrooms B/C 
Ballrooms B/C 
Victoria 
Albert
Campaign A 
Campaign B 
Heartland Bdrm. 
Campaign B 
Ballroom A

Victoria
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d o u o n  a * ι_ λ λ _  . .. - . . .  .. _ . _  , . . . . . . .  ·  . .  . . . Λ
13h30 - 14h00 Demonstration o f Karma Visualization Software / Demonstration du logiciel de visualisation Karma (MO-P4) Strathcona
13h35 - 15h30 High School Teacher Workshop / Atelier pour les enseignant(e)s du secondaire (MO-P5) Colbourne
14h15- 14h45 Scientific Images in the Public Sphere / L'imagerie scientifique dans la sphère publique 

- Peter Calamai, Toronto Star (MO-P6)
Ballrooms B/C

14h15 - 18h00 The Precision Frontier in Particle Physics / La frontière de la précision en physique des particules (MO-P7) Ballroom A
14h15 - 17h00 Symmetries in Nuclear Physics / Les symétries en physique nucléaire (MO-P8) Campaign A
14h15 - 17h00 Instrumentation and Techniques in Biomedical Physics I / Instrumentation et techniques en physique biomédicale I (MO-P9) Albert
14h15 - 17h00 Quantum Information Theory / Théorie de l'information quantique (MO-P10) Kildonan
14h30 - 17h00 Cuprates in the Extreme Underdoped Limit / Les cuprates dans la limite extrême sous-dopée (MO-P11) Campaign B
14h45 - 15h45 Panel on Scientific Images in the Public Sphere / Discussion sur les images scientifique dans la sphère publique 

(MO-P12)
Ballrooms B/C

15h30 - 18h00 Genetic Networks / Réseaux génétiques (MO-P13) Victoria

16h00 - 17h00 NSERC Information Session for Existing Grant Holders / Session d'information du CRSNG pour les détenteurs actuels de 
bourses (MO-P14)

Strathcona

16h15 - 17h30 Scientific Imaging and Visualization - contributed / Imagerie et visualisation scientifiques - contribuées (MO-P15) Ballrooms B/C
17h00 - 19h00 Best Student Paper Competition / Compétition de la meilleure communication étudiante (MO-STUD) Albert

17h00 - 19h00 Improving the Climate for Women in Physics / Amélioration du climat pour les femmes en physique (MO-P16) Colbourne

17h30 - 19h00 Physics in Canada Editorial Board Meeting /
Réunion du Comité de rédaction de La physique au Canada (MO-PiC)

Westminster

17h30 - 18h15 NSERC GSC-017: Possible Change to Envelope Funding / CRSNG GSC-017 : Modification possible du 
financement par enveloppe (MO-P17)

Campaign B

18h00 - 20h30 CJP Editorial Board Meeting / Réunion du Comité de rédaction de la RCP (MO-CJP) Heartland Bdrm.
19h00 - 21h00 Poster Session, w ith  Beer / Session d ’affiches, bière servie (MO-POS)

CASCA (68); DASP/DPAE (2); DAMP/DPAM (10); DCMMP/DPMCM (15); DNP/DPN (6); DOP (1); DPE/DEP (1); DTP/DPT (11); DIAP/DPIA (1); 
DIMP/DPIM (2); DMBP/DPMB (7); COMP/OCPM (25)

Conven.Centre

Tuesday /  Mardi, June 15 ju in
07h30- 17h00 Conference Registration and Information / Inscription au congrès et information Lobby 2nd Floor

07h00 - 09h00 Meeting of the Canadian National IUPAP Liaison Committee 
Réunion du comité de liaison national canadien (IUPAP) (TU-A1)

Private Dining Rm

08h30 - 09h15 Plenary Session / Session plénière - NIMA ARKANI-HAMED, Harvard University (TU-A2) Ballroom B

08h30 - 10h00 Young Investigators in Medical and B iological Physics; Part I / Jeunes chercheurs(ses) en physique médicale et 
biologique; partie I (TU-A3) (COMP/DMBP)

Albert

08h30 - 09h15 Imaging w ith ALMA / Imagerie à l'aide de l'ALMA - to  be announced / à venir (TU-A4) Campaign B

09h15 - 10h00 Medal o f Achievement W inner / Récipiendaire de la médaille ACP 
- MICHAEL THEWALT, Simon Fraser University (TU-A5)

Ballroom B

09h15- 09h45 News from Space - Contributed / Nouvelles de l'espace - contribuées (TU-A6) Campaign B

10h00 - 12h30 The Impact of High-Performance Computing on Materials Research / Impact de l'informatique à haute performance sur la 
recherche sur les matériaux (TU-A7)

Ballroom B

10h00 - 12h30 Mathematical Physics / Physique mathématique (TU-A8) Westminster
10h00 - 12h30 Particles/Strings/Fields / Particules/ficelles/champs (TU-A9) Kildonan
10h00 - 12h00 Coherent Interactions of Lasers / Interactions cohérentes des lasers (TU-A10) Victoria
10h00 - 12h30 Novae and Supernovae / Novas et supernovas (TU-A11) Ballroom C
10h00 - 12h30 Techniques and Measurements in Semiconductor Physics and Transport Phenomena / Techniques et mesures en physique 

des semiconducteurs et phénomènes de transport (TU-A12)
Campaign A

10h00 - 12h30 Correlated Electrons/Magnetism / Électrons corrélés/Magnétisme (TU-A13) Colbourne
10h00 - 12h30 Atomic and Molecular Spectroscopy and Dynamics I / Spectroscopie et dynamique atomique et moléculaire I (TU-A14) Ballroom A
10h15- 11h00 News from Space - The MOST Satellite / Nouvelles de l'espace - Le satellite MOST 

- JAYMIE MATTHEWS, UBC (TU-A15)
Campaign B

10h30 - 12h00 Young Investigators in Medical and Biological Physics, Part II / Jeunes chercheurs(ses) en physique médicale et biologique; 
partie II (TU-A16)

Albert

11h00 - 11h45 CASCA Plaskett Lecture / Conférence Plaskett CASCA - JO-ANNE BROWN, U. Calgary (TU-A17) Campaign B
11h45 - 12h30 Imaging in the Subm illimetre W indow - contributed / Imagerie dans la fenêtre sous-millimétrique - 

contribuées (TU-A18)
Campaign B

12h30 - 13h30 ALMA Information Session / Session d'information sur l'ALMA (TU-A19) Campaign B

12h30 - 13h30 DNP Business Meeting / Réunion d’affaires DPN (with lunch / avec repas) Colbourne
12h30 - 13h30 DOP Business Meeting / Réunion d’affaires DOP (with lunch / avec repas) Westminster
12h30 - 13h30 DPP Business Meeting / Réunion d’affaires DPP (with lunch / avec repas) Strathcona
12h30 - 13h30 DMBP Business Meeting / Réunion d’affaires DPMB (lunch not provided / repas non-inclus) Campaign A

13h15 - 14h15 Radiobiology and Tissue Characterization / Biologie radiologique et caractérisation des tissus (TU-P1) COMP/DMBP Albert
13h15- 14h00 Microimaging / Microimagerie (TU-P2) - COMP/DMBP Victoria

13h30- 14h15 CAP Herzberg Medal W inner / Récipiendaire de la médaille Herzberg de l’ACP 
- VICTORIA KASPI, McGill University (TU-P3)

Ballrooms B/C

14h15 - 16h45 Young Investigators in Condensed Matter Physics I / Jeunes chercheurs(ses) en physique de la matière condensée I (TU-P4) Ballrooms B/C
14h15 - 17h30 The Energy Frontier in Particle Physics / La frontière de l'énergie en physique des particules (TU-P5) Campaign A
14h15 - 17h00 Particle Physics II / Physique des particules II (TU-P6) Westminster
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Λ Λ |_ Λ t~ Ί  ~7U . . . .14h15 - 17h00 Statistical Physics / Physique statistique (TU-P7) Victoria
14h15 - 16h45 General Measurement Physics / Physique des mesures générales (TU-P8) Kildonan
14h15 - 17h00 Atomic and Molecular Spectroscopy and Dynamics II / Spectroscope et dynamique atomique et moléculaire II (TU-P9) Colbourne
14h15 - 16h15 Adaptive Optics in Astronomy, Biology, Medicine, and Physics / Optique adaptative en astronomie, biologie, 

médecine et physique (TU-P10) -- DOP/CASCA
Ballroom A

14h15 - 15h15 New Directions in the Physics Curriculum / (TU-P11) Strathcona
14h15- 14h45 Measuring Hidden Parts o f Galaxies / Mesure des parties cachées des galaxies (TU-P12) Campaign B
14h30- 17h00 Medical Applications o f Sound: Imaging and Beyond / Applications médicales du son : l'imagerie et au-delà 

(TU-P13) - COMP/DMBP
Albert

14h45 - 15h15 CASCA Outgoing President’s Talk / Conférence du président sortant de la CASCA - GRETCHEN HARRIS, 
U.Waterloo (TU-P14)

Campaign B

15h00 - 16h30 World Year of Physics 2005 Committee Meeting / Réunion du Comité pour l ’Année mondiale de 
la physique (TU-P15)

Heartland Bdrm

15h45 - 16h30 CASCA - Long Range Plan Review / Examen du plan à long terme de la CASCA (TU-P16) Campaign B
16h30 - 18h00 CASCA Annual General Meeting / Assemblée générale de la CASCA (TU-P17) Campaign B
17h00 - 18h30 CAP Annual General Meeting / Assemblée générale de l ’ACP (TU-P18) Victoria
17h00 - 18h00 COMP Annual General Meeting / Assemblée générale de l ’OCPM (TU-P19) Albert
19h00 Banquet Reception / Réception du banquet Ballrooms A/B/C
19h30 Banquet Ballrooms A/B/C

Wednesday /  Mercredi, June 16 ju in
07h30- 12h00 Conference Registration and Information / Inscription au congrès et information Lobby 2nd Floor
07h00 - 09h00 Meeting of the CAP-NSERC Liaison Committee / Réunion du comité de liaison ACP-CRSNG (WE-A1) Heartland Bdrm.
07h00 - 08h15 DPE Business Meeting / Réunion d’affaires DEP (WE-A2) Private Dining Rm
08h30 - 09h15 Plenary Session / Session plénière -- AARON FENSTER, Robarts Res.Inst. (WE-A3) Ballrooms B/C
08h30 - 09h00 Portraits at Multiple Wavelengths - Contributed / Portraits à longueurs d'ondes multiples - proposée (WE-A4) Campaign B
08h30 - 10h00 Radiation Treatment Planning / Planification d'une radiothérapie (WE-A5) Albert
09h00 - 09h45 Data Mining and A rchiving / Exploitation et archivage des données - DAVID SCHADE (WE-A6) Campaign B
09h15 - 10h00 Plenary Session / Session plénière -- DAVE ROGERS, Carleton U. (WE-A7) - CAP/COMP Ballrooms B/C
10h00 - 12h30 Instrumentation and Techniques in Biomedical Physics II / Instrumentation et techniques en physique biomédicale II (WE-A8) Colbourne
10h00 - 12h30 Young Investigators in Condensed Matter Physics II / Jeunes chercheurs(ses) en physique de la matière condensée II (WE-A9) Ballroom A
10h00 - 12h00 Particle Astrophysics / Astrophysique des particles (WE-A10) Victoria
10h00 - 12h45 Ion Traps in Atomic and Nuclear Physics / Pièges à ions en physique atomique et nucléaire (WE-A11) Campaign A
10h00 - 12h30 Imaging with Photoacoustic and Photothermal NDE Techniques and Microscopies / Imagerie à l'aide de techniques END et 

de microscopies photoacoustiques et photothermiques (WE-A12)
Strathcona

10h00 - 12h30 General Relativity and Gravitation I / Relativité générale et gravitation I (WE-A13) Kildonan
10h00- 12h30 Synchrotron Biophysics: The Canadian Light Source / Biophysique au synchrotron : La source de lumière canadi­

enne (WE-A14)
Albert

10h15- 11h00 Imaging in Multiple Wavelengths - Contributed / Imagerie dans des longueurs d'ondes multiples - 
contribuées (WE-A15)

Campaign B

10h30 - 12h30 Ultrafast Laser Applications / Applications des lasers ultra-rapides (WE-A16) Ballroom C
10h30- 12h30 Radiation Dosimetry / Dosimétrie des rayonnements (WE-A17) Ballroom B
11h00 - 11h45 CASCA Beals Award Lecture / Conférence du prix Beals de la CASCA - ERNIE SEAQUIST (WE-A18) Campaign B
11h45 - 12h30 New Directions in Imaging - Contributed / Nouvelles orientations en imagerie - contribuées (WE-A19) Campaign B
12h30 - 13h30 DIAP-DIMP Business Meeting / Réunion d’affaires DPIA-DPIM (with lunch / avec repas) Colbourne
12h30 - 13h30 New Faculty Luncheon with NSERC / Déjeuner pour les nouveaux professeurs avec le CRSNG (WE-A20) Private Dining Rm
12h30- 13h30 CITA AGM / Assemblée générale de CITA (WE-A21) Campaign B
13h30- 14h15 CAP/COMP Kirkby Medal W inner / Récipiendaire de la médaille Kirkby de l ’ACP/OCPM 

- ROBERT BARBER, Univ. o f Manitoba (WE-P1)
Victoria

13h30 - 15h00 Radiation Treatment Delivery / Exécution de la radiothérapie (WE-P2) Albert
14h00 - 14h45 Visualizing Theory: S imulations in Cosmology / Théorie de visualisation : simulations en cosmologie 

- JOHN DUBINSKI, U.Toronto / (WE-P3)
Campaign B

14h15 - 16h30 Materials and Magnetism / Matériaux et magnétisme (WE-P4) Victoria
14h15 - 17h00 Radioactive Beam/Heavy Ion Physics / Physique des faisceaux radioactifs/d’ions lourds (WE-P5) Ballroom C
14h15 - 16h30 Imaging in the Stars and on Earth / Imagerie dans les étoiles et sur terre (WE-P6) Ballroom A
14h15 - 15h00 Photonics Devices / Dispositifs photoniques (WE-P7) Campaign A
14h15 - 16h45 Industrial and Applied Physics General Session / Session générale sur la physique industrielle et appliquée (WE-P8) Ballroom B
14h15 - 15h30 Plasma Physics / Physique des plasmas (WE-P9) Strathcona
14h15 - 17h00 General Relativity and Gravitation II / Relativité générale et gravitation II (WE-P10) Kildonan
14h45 - 15h30 Visualizing Concepts in Theory - Contributed / Visualisation des concepts théoriques- contribuées (WE-P11) Campaign B
15h30 - 17h00 Radiation Treatment Verification / Vérification de la radiothérapie (WE-P12) Albert
16h00 - 17h30 Dark Matter and Dark Energy / Matière et énergie noires (WE-P13) Colbourne
16h00 - 16h30 Imaging the Invisible Spectrum - Contributed / Imagerie dans le spectre de l'invisible - contribuées (WE-P14) Campaign B
16h30 - 17h15 Miscellaneous Intrigues - Contributed / Intrigues diverses - contribuées (WE-P15) Campaign B
17h00 - 18h30 CAP Council Meeting (New and Old) / Réunion du Conseil (nouveau et ancien) de l'ACP (WE-P16) Campaign A
17h15 - 17h30 CASCA Closing and Awards Given fo r Best Student Presentations / CASCA Clôture et remise des prix aux meilleures 

présentations d'étudiants (WE-P17)
Campaign B
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Detailed Congress Program - Saturday, June 12 /  Sunday, June 13

De t a i l e d  Co n g r e s s  Su m m a r y  
Pr o g r a m m e  d é t a i l l é  d u  Co n g r è s

(see  p g . 20 f o r  d e s c r ip t io n  o f  c o d e s -a b b r e v ia t io n s  /  Vo ir  p g . 20 p o u r  u n e  d e s c r ip t io n  d e s  c o d e s -a b b r é v ia t io n s  ) 
(Ab s t r a c t s  s t a r t  o n  Pa g e  50 /  Les  r é s u m é s  c o m m e n c e n t  à  l a  p a g e  50)

Saturday, June 12, 2004 / S am ed i, le  12 ju in
08h00 - 17h30 JCSA Meeting / Réunion de JCSA
08h30 - 14h00 CAP Executive Meeting / Réunion de l'exécutif de l ’ACP (SA-A2)
08h30 - 17h30 COMP Business Meetings / Réunions d’affaires de l ’OCPM (SA-A1)
08h30 - 19h00 CASCA Board and Other Meetings / Réunion du Conseil de CASCA et autres réunions (SA-A3) 
08h45 - 16h30 CASCA Student Workshop and Registration/ Atelier des étudiants et inscription CASCA (SA-A4) 
12h00 - 13h30 COMP lunch / Déjeuner de l'OCPM
14h00 - 18h00 CAP Council Meeting (Old and New) / Réunion du conseil (ancien et nouveau) de l'ACP (SA-P1)

Victoria
Kildonan

Talbot/Westminster/Strathcona 
Colbourne 

Univ. of Manitoba Campus 
Private Dining Room 

Kildonan

Sunday, June 13, 2004 / D im a n c h e , le  13 ju in

TIME
HEURE Victoria/Albert Ballrooms B/C Other Rooms/Autres salles

SU-A1 (CAP-CASCA-COMP/ACP-CASCA-OCPM) 
En r ic h in g  o u r  Te a c h in g  Th r o u g h  In t e g r a t io n  / 
E n r ic h is s e m e n t  d e  n o t r e  e n s e ig n e m e n t  p a r  l 'in ­
t é g r a t io n  Chair: J. Percy, U.Toronto

08h00-12h30 Campaign B
COMP Business Meeting
Réunion d’affaires de l’OCPM (SU-A2)

08h00 V. Milosevic-Zdjelar (c) U .W in n ip e g  
Astronomy, Biology, Chemistry, Geology and Physics 
integrated in a newly developed course “Science: 
World Views” (SU-A1-1)

08h30-12h30 Paragon Rest./Colbourne
(c a p -a c p ) Physics Department Heads/Chairs 
Workshop / Réunion des directeurs de départe­
ments de physique (s u -c h a i r s )

08h15 C.R. Kerton (c) Io w a  S ta te  U. 
Integrating a Lab Experience with an Astro 101 
Class (SU-A1-2)

08h30 W.E. Harris (c) M c M a s te r U. 
The Big Questions: Integrating Science at the 
Undergraduate Level (SU-A1-3)

08h45 J. West (c) U .M a n ito b a  

Crossing the Disciplines: Using Medical Imaging 
Software for Teaching Astronomy (SU-A1-4)

09h00 RICKEY, Daniel W. C a n c e rC a re  M a n ito b a  
Medical Physics at the Undergraduate and High 
School Levels (SU-A1-5)

SU-A4 (DCMMP/DPMCM) 
Sin g l e  Mo l e c u l e  Po l y m e r  Ph y s ic s : Fu n d a m e n ­
ta l  Qu e s t io n s  / P h y s iq u e  d e s  p o l y m è r e s

MONOMOLÉCULAIRES :  QUESTIONS FONDAMENTALES 
Chair: J. Bechhoefer, SFU

09h00-12h00 Campaign A
IPP Board of Trustees Meeting
Réunion du conseil d’administration de l’IPP
(SU-A3)

09h30 MANOGUE, Corinne A. O re g a n  S ta te  U. 
Revitalizing the Upper-Division Physics Curriculum 
(SU-A1-6)

SEVICK, EDIT M. A u s tra lia n  N a tio n a l U. 
The Fluctuation Theorem as a Generalised Second- 
Law for Nanomachines and Single Biopolymer 
Manipulations: Optical Tweezers Experiments and 
Beyond (SU-A4-1)

10h00 Coffee Break / P a u s e  c a f é B

10h15 " B FORDE, Nancy U C  B e rk e le y  

Using Optical Tweezers to Study Single-Molecule 
Reactions in Real Time (SU-A4-2)

10h30 MATTHEWS, Jaymie U B C

Distance Learning from 820 km Straight Up: The 
Educational Potential of the MOST Space 
Telescope (SU-A1-7)

B

11h00 STINNER, Art / LOLY, Peter U .M a n ito b a  
Using the History of Science to Present the Evolution 
of Major Concepts in Physics (SU-A1-8)

HA, Bae-Yeun U .W a te r lo o  
Statics and Dynamics of Biopolymers: Theory and 
Biological Relevance (SU-A4-3)

11h30
B B

11h45
B

KREUZER, Hans Juergen D a lh o u s ie  U. 

Stretching and Confinement of Single Polymer 
Molecules and the Growth of a Polymer Brush: A 
First Principles Theory (SU-A4-4)

12h15 Morning Session ends / Fin de la session du 
matin Lunch / déjeuner

Morning Session ends / Fin de la session du 
matin Lunch / déjeuner

1
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Dimanche, le 13 Juin - Programme détaillé du congrès

Sunday, June 13, 2003 / D im a n c h e , le  13 ju in  (cont’d /  suite)

Victoria/Albert Ballrooms B/C Campaign A Campaign B TIME
HEURE

SU-P2 (C OM P/O CPM ) 
BRACHYTHERAPY AND THERMAL THERAPY/
C u r ie t h é r a p ie  e t  t h é r a p ie  t h e r m iq u e  
Chair: J. Bews, CancerCare Manitoba

SU-P1
Plenary Session plénière

(C A P  B ro c k h o u s e  M e d a l w in n e r  /  
R é c ip ie n d a ire  d e  la  m é d a ille  B ro c k h o u s e  de

N. Blais (c) H o p ita l M a is o n n e u v e -R o s e m o n t 
Space Distribution Analysis of the Attenuation 
in Lead and Steel of the Scattered Radiation 
in a Maze of a High Dose Rate (Iridium 192) 
Brachytherapy Suite (SU-P2-1)

13h30

Chair: J. Bechhoefer, SFU

MICHAEL THEWALT SFU
Redefining the Limits of Semiconductor 
Spectroscopy (SU-P1-1)

M. Al-Ghazi (c) U .C a lifo rn ia , Irv in e  
Yttrium-90 Microspheres for the Treatment of 
Hepatocellular Carcinoma (SU-P2-2)

13h45

M. Shim (c) J u ra v in s k i C a n c e r C a re  

Cs-137 Dosimetry Using GAFchromic®  Film 
(SU-P2-3)

14h00

SU-P3 (CAP-CASCA-COMP/ 
ACP-CASCA-OCPM) 

En r ic h in g  o u r  Te a c h in g  Th r o u g h  
In t e g r a t io n  / E n r ic h is s e m e n t  d e  n o t r e

ENSEIGNEMENT PAR L'INTÉGRATION 
Chair: R. Hawkes, Mount Allison U.

SU-P4 (DCMMP/DPMCM) 
Sin g l e -Mo l e c u l e  Po l y m e r  Ph y s ic s : 
Bio p h y s ic a l  A p p l ic a t io n s  / P h y s iq u e  
d e s  p o l y m è r e s  m o n o m o l é c u l a ir e s  :
APPLICATIONS EN BIOPHYSIQUE 
Chair: J. Bechhoefer, SFU

G. Leclerc (c) C H U Q  
Dynamical Post-Implant Dose Calculation for 
Permanent Prostate Implants: Taking Edema 
into Consideration (SU-P2-4)

14h15

H. Scott (c) R id le y  C o lle g e  
Bringing the Stars to the Students 
(SU-P3-1)

MARKO, John U .Illin o is  a t  C h ic a g o  

Micromanipulation Study of Chromatin 
Fibers and Whole Chromosomes (SU-P4-1)

CHRISTIAN, Carol S p a c e  T e l.S c i.In . 
Putting Research Science and Education 
Together: Lessons Learned from HST 
(SU-P3-2)

B
SU-P5 IPP General 
Meeting / A s s e m b lé e  
g é n é r a le  ( IP P )
(ends at 17h30/ se termine à 
17h30)

L. Chin (c) P rin c e s s  M a rg a re t H o sp ita l 
Interstitial Optical-Based Reconstruction of 
Thermal Coagulation During Microwave 
Thermal Therapy (SU-P2-5)

14h30

B B
S. Lochhead (c) S u n n y b ro o k /U T o ro n to  
A Gel Phantom for MR Calibration of Thermal 
Therapies (SU-P2-6)

14h45

Coffee Break / Pause café Coffee Break / Pause café Coffee Break / Pause café 15h00

PERCY, John R. U .T o ro n to  
Variable Stars: Dynamic Tools for Hands- 
On Astronomy and Physics Education 
(SU-P3-3)

SLATER, Gary U .O tta w a  
Single-Molecule Polymer Physics: The 
Role of Molecular Dynamics Simulations
(SU-P4-2)

SU-P6 (CoMP/oCPM) 
Ra d ia t io n  Tr e a t m e n t  De v ic e s  / A p p a r e il s  
d e  r a d io t h é r a p ie

Chair: P. Dunscombe, T o m B a k e r C a n c e rC e n .

H. Johnson (c) C a n c e rC a re  M a n ito b a  
Licensing, Construction and Radiation Safety 
of Canada’s First Gamma Knife®
(SU-P6-1)

15h30

B B
A. Berndt (c) C a n c e rC a re  M a n ito b a  
Gamma Knife®  Commission Report 
(SU-P6-2)

15h45

M.L. Milne (c) C e n tre  o f U n iv e rs e  
Reaching out from the Centre of the Uni­
verse: A Report from Canada’s Astrono­
my Interpretation Centre (SU-P3-4)

B
J.W. Beck (c) C a n c e rC a re  M a n ito b a  
An Algorithm for Independent Verification of 
Gamma Knife® Treatment Plans (SU-P6-3)

16h00

Session ends / Fin de la session MARZIALI, Andre U B C

A Single-Molecule Nanosensor for 
Oligonucleotide Identification (SU-P4-3)

M. MacKenzie (c). C ro s s  C a n c e r In s t. 

Initial Experiences with a Commercial Helical 
Tomotherapy Unit (SU-P6-4)

16h15

B
A. Gladwish (c) L o n d o n  H e a lth  S c ie n c e s  

Helical Tomotherapy Fan Beams and 
Craniocaudal Penumbra Improvement 
(SU-P6-5)

16h30

B
J. Schella (c) N S  C a n c e r  C e n tre  

Using Isocentre Corrections in Treatment 
Planning to Improve Accuracy in Stereotactic 
Radiosurgery (SU-P6-6)

16h45

Session ends / Fin de la session Session ends / Fin de la session
S U -P 7
CCPM AGM / A s s e m b lé e  g é n é ra le  (C C P M )

(e n d s  a t  1 8 h 3 0 /s e  te rm in e  à  1 8h 30 )

17h00

CAP Herzberg Memorial Public Lecture / Conférence publique commémorative Herzberg de l ’A C P  
CASCA Public Lecture in Astronomy / Conférence publique plénière en astronomie de CA SCA  

[SU-KEY] P. James E. Peebles, Princeton University
Followed by the Opening Reception / suivi par la réception d'accueil Ballroom A/B/C (see pg. 17 for details / voir pg. 17 pour les détails)
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Detailed Congress Program - Monday, June 14

TIME
HEURE

Other locations 
autres endroits Ballroom A Ballroom B/C Kildonan

07h30 “Friends of CAP” Breakfast / Déjeuner des ‘Ami(e)s de l'ACP' (07h30-08h30) - Private Dining Room (MO-A1)

The all-day High School Teachers Workshop, organized by the CAP's Division of Physics Education, will be held in Colbourne starting at 08h00 
L'atelier pour les enseignant(e)s de la physique, coordonnée par le Division d'enseignement de l'ACP, aura lieu dans Colbourne, commençant à 0h800

(see  page 18 for details /  voir page 18 pour le program m e)

08h30 MO-A3 Plenary Session plénière 
(CAP/ACP) (Teaching Medal winner - 
récipiendaire de la médaille d'enseignement) 
Chair: R. Hawkes, Mount Allison U.

HELMY SHERIF U. Alberta 
A Discussion of Spin: From Teaching 
to Research (M O-A3-1)

08h45 B
09h00 B
09h15 MO-A5 Plenary Session plénière 

Chair: J. Bechhoefer, SFU (CAP/ACP) 

DAVID BENSIMON
École normale supérieure 

The Elastic Behaviour of a Real 
Polymer: The Case of ssDNA (MO-A5-1)

09h30 B

09h45 B
MO-A9 (DCMMP/DPMCM) 

S e m ic o n d u c t o r s  /  S e m ic o n d u c t e u r s

Chair: M.Thewalt, SFU

B
MO-A8 (PPD-DNP / PPD-DPN)

A d v a n c e s  in  In s t r u m e n t a t io n  / 
P r o g r è s  e n  in s t r u m e n t a t io n

Chair: F. Corriveau, McGill U.

10h00 S. Webster (c) u b c

Dilute Nitride Multiple-Quantum-Well 
Light Source for Optical Coherence 
Tomography (M O-A9-1)

Session ends /
La session se termine

Coffee Break until 10h20 /

OSER, Scott M. UBC
Long-Baseline Neutrino Oscillations at 
K2K and J-PARC (M O-A8-1)

10h15 K.A.L. Shorlin (c) UWO
Clustering of Ga on GaAs ( 100) 
(M O-A9-2)

P a u s e  c a fé  j u s q u ’à  1 0 h 2 0

B

10h20 B MO-A11 (All Org.)

O pening G reetings b y MB M in. T im  Sale 
B ienvenue par l e  Min . du  MB, Tim  Sa l e

B

B
MO-A12 (All Org.) 

S c ie n t if ic  Im a g e s  in  t h e  P u b l ic  
S p h e r e / L es  im a g e s  s c ie n t if iq u e s

DANS LA SPHÈRE PUBLIQUE

Chair: M. Campbell, U. Waterloo

B

10h30 H. Rastegar-Moghaddam (c) u b c

Change in Photoluminescence 
Spectrum of Infrared Coupled Multiple 
Quantum Wells (M O-A9-3)

OTTENSMEYER, Peter U.Toronto 
Images of the Invisibly Small: from 
Atoms to Biomacromolecular Structure 
and Function (M O-A12-1)

KRIEGER, Peter W. U.Toronto 
The ATLAS Detector at the Large
Hadron Collider (M O-A8-2)

10h45 F. Schiettekatte (c) U.Montreal
Controlled Modification of Quantum 
Heterostructures by Ion Implantation 
Induced Defects (M O-A9-4)

B B
11h00 Coffee break /  Pause café ROORDA, Austin U.Houston 

From Telescope to Ophthalmoscopes: 
Adaptive Optics for Microscopic 
Imaging of the Living Eye (M O-A12-2)

Coffee break /  Pause café
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Lundi, le 14 juin - Programme détaillé du congrès

07h30

The all-day High School Teachers Workshop, organized by the CAP's Division of Physics Education, will be held in Colbourne starting at 08h00 
L'atelier pour les enseignant(e)s de la physique, coordonnée par le Division d'enseignement de l'ACP, aura lieu dans Colbourne, commençant à 0h800

(see  page 18 for details /  voir page 18 pour le program m e)

MO-A4 (c o m p -o c p m ) 
Dia g n o s t ic  Im a g in g  / Im a g e r ie  
d ia g n o s t iq u e
C h air: J.A. R ow la nd s , S W C H S C /U .T o ro n to

A. Kress (c) C ro s s  C a n c e r  In s t./ 
U .A lb e rta

Experimental Verification of Sinogram 
Merging Technique to Reduce Limited 
Field-of-View Artifacts in CT Imaging 
(M O-A4-1)

08h30

C. McKenzie (c) H a rv a rd  M e d .S c h o o l 
Abdominal Three Point Dixon Imaging 
with Self Calibrating Parallel MRI 
(M O-A4-2)

08h45

A.F. Wind (c) C a rle to n  U. 
Pinhole SPECT with Iterative 
Reconstruction and the Median Root 
Prior Filter (M O-A4-3)

09h00

MO-A6 (c a s c a ) 
Vis u a l iz a t io n  in  Pla n e ta r y  Sc ie n c e s  
/ V is u a l is a t io n  e n  s c ie n c e  p l a n é t a ir e
Chair: S. Safi-Harb, U .M anitoba

PAUL WIEGERT U W O
Visualizing Dynamics in the Solar 
System (M O-A6-1)

E. Van Uytven (c) C a n c e rC a re  M B  

3D Mammography A Single Projection 
Compton Scatter Imaging Technique 
(M O-A4-4)

09h15

B E. Galiano (c) L a u re n tia n  U. 

Unintentional Human Skeletal Imaging 
with 99mTc-Methylene Diphosphonate 
45 Months Beyond Expiration 
(M O-A4-5)

09h30

B Session ends / Fin de la session 09h45

MO-A7 (DCMMP/DPMCM)

S o f t  M a t t e r  /  M a t iè r e  m o l l e

C h a ir: B. J o o s , U. O tta w a

Session Ends at 10h00 / La session 
se termine à 10h00

Coffee Break until 10h20 /  
P a u s e  c a fé  j u s q u ’à  1 0 h 2 0

MO-A10 (d tp /d p t )

P a r t ic l e  P h y s ic s  I  /  P h y s iq u e  d e s  
p a r t ic u l e s  I
C h a ir: R. M a n n , U. W a te r lo o

10h00B.J. Frisken (c) s f u

Temperature-Sensitive Size of Microgel 
Particles (M O-A7-1) <

—

CARRINGTON, Margaret B ra n d o n  U. 
Transport Theory Beyond Binary 
Collisions (M O-A10-1)

M.-P. Nieh (c) N R C
Spontaneous Formation of 
Monodisperse Small Unilamellar 
Vesicles - Kinetically Trapped or 
Thermodynamically Stable? (M O-A7-2)

<
—

B 10h15

B B 10h20

V.A. Raghunathan (c) N R C
Phase Behaviour of Aqueous Solutions 
of Short and Long Chain Phospholipids 
(M O-A7-3)

GALE, charles M c G ill U. 
Electromagnetic Signals from Matter 
Under Extreme Conditions (M O-A10-2)

10h30

J. Katsaras (c) N R C
Novel Finite-Size Effects in Biomimetic 
Smectic Films (M O-A7-4) B

10h45

J. Bechhoefer (c) s f u

Studies of Banded Spherulites in 
Ethylene-Carbonate-Polymer Mxtures 
(M O-A7-5)

LEWIS, Randy U .R e g in a  
Lattice QCD Phenomenology and Its 
Limits (M O-A10-3)

11h00
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Detailed Congress Program - Monday, June 14

TIME
HEURE

Other locations 
autres endroits Ballroom A Ballrooms B/C Kildonan

11h15

B
KARLEN, Dean U.Victoria/TRIUMF 
The Future Linear Collider Project 
(M O-A8-3)

11h30 M.C. Gallagher (c) Lakehead U. 
Tailoring the Dimensionality of Gold 
Chains on Silicon (M O-A9-5)

CHRISTIAN, Carol SpaceTel.Sci.Inst. 
Public Impact of Scientific Images: 
Examples from Space Science 
(M O-A12-3)

B
11h45 L. Pedri (c) Lakehead U. 

STM of Gold Induced Chains at 
Stepped Silicon Surfaces (M O-A9-6) B

D. Gingrich (c) U.Alberta/TRIUMF  
Radiation Tolerant Microelectronics by 
Design (M O-A8-4)

12h00 G. Beydaghyan (c) Q ueens U. 
GISAXS Characterization of 
Nanostructures in Glancing Angle 
Deposited Films (M O-A9-7)

BRONSKILL, Michael
Sunnybrook/U.Toronto

Imaging Physics Meets Public Percep­
tion: Is Private MRIBad? (M O-A12-4)

J. Gauthier (c) U. Laval 
BaF2 Detector Development (M O-A8-5)

12h15 R. Karmouch (c) U. Montreal 
Damage in Self-Implanted Si: 
Channeling Compared to 
Nanocalorimetrie (M O-A9-8)

B
R. Roy (c) U.Laval 
HERACLES Multidetector Calibration 
(M O -A8-6)

12h30 MO-A14 Past Presidents' Lunch 
(Ends at 13h30) / Déjeuner des 
anciens présidents (se termine à 
13h30)
(Heartland Boardroom)

Session ends / Fin de la session Session ends / Fin de la session Session ends / Fin de la session

TIME
HEURE

13h25

Other Locations 
Autres endroits Ballroom A Ballroom B Ballroom C Colbourne Kildonan

13h30 MO-P2
Plenary Session plénière 

(CAP/CRM Medal winner - 
récipiendaire de la médaille 
ACP/CRM)
Chair: WJ. McDonald, UAlta

JIR I PATERA U.Montreal 
Deterministic Aperiodic 
Multidimensional Point Sets, 
Their Properties and 
Exploitation (MO-P2-1)

(Session ends a 14h15 / 
Session Se termine à 14h15)

13h35 MO-P5
High School 

Teacher's Workshop 
continues / 

L’atelier pour les 
enseignant(e)s de 

la physique 
continue

MO-P6 (Al l  Or g s )

MO-P7 (PPD)

S cientific Images in the Public Sphere / L 'im agerie  scien­
tifique DANS LA SPHÈRE PUBLIQUE
Chair: J. English, U.Manitoba

B
The Precision Frontier in 
Particle Physics / La  fron­
tière DE LA PRÉCISION EN 
PHYSIQUE DES PARTICULES
Chair: D. Karlen, U.Victoria

MO-P10 (DTP-DP

Q uantum Information 
Theory / Théorie de  l 'in­
formation QUANTIQUE
Chair: R. Mann, U.Waterloo

14h15 RONEY, Michael
U. Victoria

Recent Results from the 
BaBar Experiment 
(M O-P7-1)

CALAMAI, Peter
The Toronto Star

Don’t Overlook Images Created with Words 
(MO-P6-1 ) (Ends at 14h45 /  Se termine à 14h45)

B
LAFLAMME, Raymond

Inst.for Quantum Comp.

NMR and Quantum 
Information Processing 
(M O-P10-1)

14h30 B B B B
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Campaign A Victoria Campaign B Albert
TIME
HEURE

M. Singh (c) Q u e e n ’s  U. 
Developm ent o f  a GISAXS Furnace fo r 
In-S itu  P o lym er Film  Characterization  
(M O-A7-6)

B
11h15

J.H. Page (c) U .M a n ito b a  

Diffusion o f  U ltrason ic W aves in Porous 
G lass Bead S inters  (M O-A7-7)

MOORE, Guy M c G ill U. 

Strong Bounds on Lorentz Sym m etry  
Violation (M O-A10-4)

11h30

A. Sukhovich (c) U .M a n ito b a  
R esonant Tunneling o f  U ltrasound in 
Phononic Crystals  (M O-A7-8) B

11h45

W. Hildebrand (c) U .M a n ito b a  
D irect V ibrational D ensity o f  States 
M easurem ents in S trongly Scattering  
M edia  (M O-A7-9)

MANN, Robert U .W a te r lo o  
R evised Radiative E lectroweak  
Sym m etry Breaking: Further Results  
(M O-A10-5)

12h00

A. Plyukhin (c) U .S a s k a tc h e w a n  

N onlinear Dissipation in Brownian  
M otion  (M O-A7-10) B

12h15

DAM P Business Mtg 
Ends at 13h30  
Réunion d ’affaires DPAM 
Se termine à 13h30

Session ends / Fin de la session
DCM M P Business Mtg 
Ends at 13h30  
Réunion d ’affaires DPMCM  
Se termine à 13h30

MO-A13 C ASCA JCMT User’s 
Meeting / Réunion des utilisateurs 
du TJCM de la CASCA
C h a ir: L. K ne e , N R C

Ends at 13h20 /  S e  termine à 13h20

Session ends / Fin de la session
DTP Business Mtg 
Ends at 13h30  
Réunion d ’a ffa ires DPT 
Se term ine à 13h30

12h30

Strathcona Westminster Campaign A Victoria Albert Campaign B
TIME
HEURE

MO-P1 (CASCA)
Herschel Space O bserva tory  
in fo rm ation  S ession /  Session 
d'information sur l'observa­
toire spatial Herschel 
Chair: M. Fich, U.Wôterloo

13h25

Ends at 14h15 / Se termine 
à14h15

B
13h30MO-P4 (CASCA)

D em onstration o f the  Karma 
V isualization  Softw are  /  
Démonstration du logiciel de 
visualisation Karma

GOOCH, R., U.Calgary

(ends at 14h00 se termine à 
14h00)

MO-P3
Plenary S ession p lén ière 

(CAP/INO Medal winner - 
récipiendaire de la médaille 
ACP/INO)
Chair: P. Galarneau, INO

NICOLAS JAEGER u b c
Optical Sensors for Power 
Utility Applications 
(M O -P3-1)

MO-P8 (DNP/DPN)

S ymmetries in Nuclear 
Physics /  Les  symétries en

PHYSIQUE NUCLÉAIRE
Chair: W. van Oers, U. Manitoba

B MO-P9 (DIMP-DMBP/ 
DPIM-DPMB)

Instrumentation and 
Techniques in B iomedical 
Physics I /  Instrumentation

E T  TECHNIQUES EN  PHYSIQUE
biomédicale  I
Chair: A. Mandelis, U.Toronto

B

OELERT, Walter
F o rs c h u n g s z e n tru m  Ju e lic h

Observation o f Cold 
Antihydrogen - 
Perspectives for Testing 
Fundamental Symmetries 
(M O-P8-1)

BOCCARA, Claude
e s p c i

Optical Imaging in Turbid 
Media: New Develop­
ments (M O -P9-1)

MO-P11 (DCMMP/DPMCM)

C uprates in the Extreme 
Underdoped Limit /  Les
CUPRATES DANS LA UMTE 
EXTRÊME SOUS-DOPÉE
Chair: I. Herbut, SFU

14h15

B B/

BONN, Douglas
u b c

Dying Gasps o f a d-Wave
Superconductor
(M O-P11-1)

14h30
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Detailed Congress Program - Monday, June 14

TIME
HEURE

Other Locations 
Autres endroits Ballroom A Ballroom B Ballroom C Colbourne Kildonan

14h45 M ILD E N B E R G E R ,
J oseph  L.

TR IU M F

Latest Results from the 
Search for K+ ^  π+ νν 
(M O-P7-2)

M O -P12
Panel on S cientific Images in the Public S phere / 
D iscussion  sur  le s  im ag es  scientifique  d an s  la  sphère

PUBLIQUE -
Chair: J. English, U.Manitoba

Panel com p ris e d  o f F. P eter O ttensm eyer, A ustin  
Roorda, M ichael J . B ronskill, c a ro l A . c h r is tia n , and  
P eter Calam ai
(Ends at 15h45 /  Se termine à 15h45)

B
S A N D E R S , B arry  C.

U.Calgary

Quantum Information 
Processing with 
Continuous Variables 
(M O-P10-2)

15h00

B B B

15h15 S. B runet (c)
U.Montreal

Measurement o f the 
B ^ π / π 0/ η |ν Branching 

Ratios Using Semileptonic 
Tags in the BaBar 
Experiment (M O-P7-3)

B B
C offee  B reak  / 

P ause café

15h30 D. C o te  (c)
U.Montreal

Determination o f | Vub 
from the Measurement o f 
B ^ π ±  / π0 /  η / η ' /  ρ± /  ρ0 /  ω | ν 
Branching Fractions and 
Form Factors at BaBar 
(M O-P7-4)

B
session Ends /  Fin de la 

session
K O BES, Randy

U.Winnipeg 
Exploring Paths in 
Adiabatic Quantum  
Computing (M O-P10-3)

15h45 P. Jackson  (c)
U.Victoria

A Search for B+ 6  k + νν 
(M O-P7-5)

C offee  B reak  /
P ause café

(ends  a t 16h15 /  se  te rm ine  à  16h15)

B

16h00 C. Brow n (c)
TRiUM F/U .Victoria

A Search for Lepton-Flavor 
Violation at BaBar 
(M O-P7-6)

B
M O -P 1 5  (A l l O rgs) 

S cientific Imaging and V isualization - C ontributed /
IMAGERIE ET VISUALISATION SCIENTIFIQUES - PRÉSENTATIONS 
CONTRIBUÉES
Chair: M.J. Bronskill, U.Toronto

STAMP, Philip
u b c

Decoherence Mechanisms 
and the Dynamics of 
Decoherence in Qubit 
Ne tworks (M O-P10-4)

16h15 D. F ortin  (c)
U.Victoria

Determination o f |Vub| in 
the BaBar Experiment 
Using the Lepton Invariant 
Mass Squared (M O-P7-7)

G. Joncas  (c)
U. Laval

The Square Kilometre Array (M O-P15-1)
B

16h30 S. M cLachlin  (c)
McGill U.

Search for the Rare Decay 
B0 6  J/Ψγ  (M O-P7-8)

J . F ieg e  (c)
n r c -h ia

Evolution Meets Astrophysics: Using Advanced Genetic 
Algorithms to Search and Visualize Large Parameter 
Spaces (M O-P15-2)

KEMPF, A ch im
U.Waterloo

Towards a Notion o f Qubit 
Density for Quantum  
Fields in Curved 
Spacetime (M O-P10-5)

16h45 M. Q uraan  (c)
TR iU M F

A High Precision 
Measurement o f Muon 
Decay Parameters 
(M O-P7-9)

M. Boileau (c)
Laurentian U.

Energy Dispersive X-Ray Diffraction Measurements 
Using a Cadmium Zinc Telluride Detector (M O-P15-3)

M O -P 1 6  (CEWIP/CEFEP) 
Improving the C limate for 
W omen in Physics / 
A m élioration  du  climat
POUR LES FEMMES EN 
PHYSIQUE
Chair: B. Frisken, SFU

B

17h00 K. O lchanski (c)
TR iU M F

Data Analysis Techniques 
for High Precision 
Measurement o f Muon 
Decay Parameters 
(M O-P7-10)

A . Faust (c)
Deference R&D Canada

Application o f X-Ray Backscatter Imaging to Explosive 
Device Detection (M O-P15-4)

W H IT T E N , Barbara
Colorado College

W hat Works for Women in 
Undergraduate Physics? 
(M O-P16-1)

Session Ends /  Fin de la 
session
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Strathcona Westminster Campaign A Victoria Albert Campaign B
TIME
HEURE

G W IN N E R , G era ld
U.Manitoba

A New Test o f the Special 
Theory o f Relativity with 
the Heidelberg Test 
Storage Ring (M O-P8-2)

M A N D E LIS , A ndreas
U.Toronto

Laser Photo-Thermo­
Acoustic Frequency Swept 
Heterodyned Lock-in 
Depth Profilometry for 
Three-Dimensional Sub­
Surface Tissue Imaging 
(M O-P9-2)

1 4 h 4 5

B B C offee  B reak  / 
P ause café

1 5 h 0 0

C offee  B re ak  / 
Pause café M O -P 1 3  (DMBP-DCMMP 

DPMB-DPMCM)

G enetics Networks / 
Réseaux  génétiques
Chair: P. Higgs, McMaster U.

C offee  B reak  / 
Pause café B 1 5 h 1 5

B SW AIN , P eter
McGill U.

Stochastic Gene 
Expression in Single Cells 
(M O-P13-1)

B F R A N Z , M arce l
u b c

Nodal Protectorate in 
Underdoped Cuprates 
(M O-P11-2)

1 5 h 3 0

B A C H E R , A n d re w
indiana u .

Observation o f Charge 
Symmetry Breaking in the 
Reaction d-d 6  4He-K0 

(M O-P8-3)

B
H. D obrovo lny  (c)

Duke U.

Conduction Velocity 
Disperson in Cardiac 
Tissue (M O-P9-3)

B 1 5 h 4 5

M O -P 14 (C A P /A C P )

N S E R C  Inform ation  
S ess ion  fo r  Existing  
G ran t Ho lders  /  S ession  
d 'in fo rm a tio n  du  CRSNG 
p o u r  les détenteurs  
actue ls  de bou rses

B K A E R N , M ads
Boston U.

Gene Regulatory Systems: 
Roles o f Physics in Post­
Genomic Biology 
(M O-P13-2)

C . K um aradas  (c)
Ryerson U.

Magnetocarcinotherapy: A 
Novel Method for the 
Detection and Treatment of 
Cancer Using Magnetic 
Nanoparticles (M O-P9-4)

S U TH E R LA N D , M ichael
U.Toronto

Nodal Metallic Phase in 
Underdoped Cuprates 
(M O-P11-3)

1 6 h 0 0

B
HASINO FF, M ichael

u b c

A Test o f Time Reversal 
Invariance in Stopped 
Kaon Decay (M O-P8-4)

B D. C ote (c)
Ontario Cancer Inst.

Polarimetry in Turbid 
Media for Robust 
Determination of 
Concentration o f Optically 
Active Molecules: 
Modelling, Experiments, 
and Application to 
Biophotonics (M O-P9-5)

B 1 6 h 1 5

B B N O IR E A U X , V in cen t
The Rockefeller U.

From In Vitro Genetic 
Circuits to an Artificia l Cell 
(M O-P13-3)

J. G rin yer (c)
McM aster U.

In Vivo Cadmium  
Measurement by Prompt 
Gamma Neutron Activation 
Analysis (M O-P9-6)

B U Y E R S , W illiam  J .L .
n r c

Spins and Paired Carriers 
in a Superconductor that is 
Nearly an Antiferromagnet 
- Who Pushes Whom? 
(M O-P11-4)

1 6 h 3 0

B J.W . M artin (c)
California Inst.Tech.

Beta-Decay o f Ultracold 
Neutrons (M O-P8-5)

B R. K oro l (c)
UW O

Optical Analysis o f Carotid 
Atherosclerotic Plaque 
using Laser Induced 
Fluorescence (M O-P9-7)

B 1 6 h 4 5

Session Ends /  Fin de la 
Session

Session Ends /  Fin de la 
Session

W E S T W O O D , Tim
U.Toronto

Using DNA Microarrays for 
Functional Genomic 
Studies (M O-P13-4)

Session Ends /  Fin de la 
Session

M O -S TU D  (C A P /A C P )

B est G raduate  
S tu d en t P aper C o m p e ti­
tion  /  C oncours de la 
m eilleure  com m un ica tion  
étudiante

Session Ends /  Fin de la 
Session 1 7 h 0 0

1 1
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Detailed Congress Program - Monday, June 14 /  Tuesday, June 15

Canadian Astronomical 
Society / Société canadi­
enne d’astronomie

Atmospheric and Space 
Physics / Physique 
atmosphérique et de 
l ’espace

Atomic and Molecular 
Physics / Physique 
atomique et moléculaire

Condensed Matter and 
Materials Physics / 
Physique de la matière 
condensée et matériaux

Nuclear Physics / 
Physique nucléaire

Optics and Photonics / 
Optique e t photonique

MO-POS-1 - 68 MO-POS-69 - 70 MO-POS-71 - 80 MO-POS-81 - 95 MO-POS-96 - 101 MO-POS-102

Tuesday, June 15
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Strathcona Westminster Campaign A Victoria Albert Campaign B TIME
HEURE

B B
17h15

Physics  in C anada  
Editoria l Board M eeting

R éunion d u  Com ité de 
rédaction  de La 
Physique a u  Canada

(Ends at 19h00 /  Se ter­
mine à 19h00)

H IG G S, Paul
McM aster U.

Bacterial Phylogenetics 
and Horizontal Gene 
Transfer (M O-P13-5)

B
M O -P 17 (CASCA) 
N S E R C  G SC -017: 
P ossib le  C hange to  
Fun d in g  E nvelope in 
A s tro n o m y  /  M od ifica tion  
p o ss ib le  du  financem ent 
d ’enve loppe p o u r l ’as­
tronom ie
Chair: G. Harris, U.Waterloo

17h30

B B B
17h45

Session Ends /  Fin de la 
Session

Session ends at 19h00 / 
Session se termine à 

19h00

Session ends at 18h 15 / 
Session se termine à 

18h15

18h00

191-100 Session d’affiches, bière servie Winnipeg Convention 
Centre

P hysics  Education  / 
L ’ense ignem ent de la 
phys ique

Theoretica l P hysics  / 
Physique théorique

Industria l and A pplied  
Physics  /  P hysique  
in d u s trie lle  e t app liquée

Instrum entation  and  
M e asurem ent Physics  / 
Physique des in s tru ­
m ents e t m esures

M edica l and B io log ical 
Physics  /  Physique m éd i­
cale e t b io log ique

C anad ian  O rgan iza tion  
o f M edical Physicis ts  / 
L ’O rgan isa tion  des 
p h ys ic ie n s  m éd icaux

M O -P O S -103 M O -P O S -104 - 114 M O -P O S -115 M O -P O S -116 - 117 M O -P O S -118 - 124 M O -P O S -125  - 149

Mardi, le 15 juin

Strathcona Westminster Campaign A Victoria Albert Campaign B TIME
HEURE

(TU-A1) Réunion du comité de liaison national Canadien (lUPAP) (07h00-09h00) - Private Dining Room 07h00

T U -A 3  (COMP-DMBP/ 
OCPM-DPMB)

Y oung Investigators in 
Medical and B iological 
Physics I /  Jeunes cher-
CHEURS(SES)  EN PHYSIQUE 
MÉDICALE ET BIOLOGIQUE I
Chair: L.J. Schreiner, Queen’s U.

T U -A 4  (CASCA)

Imaging with ALM A / 
Im agerie à  l 'aid e  de 
l ALMA
Chair: L.. Knee, NRC

B. W arken tin  (c)
Cross C ancer inst.

3-D Verification o f IMRT 
Treatments Using a Flat- 
Panel EPID  
(TU-A3-1)

To be  announced  / 
à ven ir

Imaging Star and Galaxy 
Formation with ALMA 
(TU-A4-1)

08h30

G. C ranm er-S arg ison  (c)
U.Victoria

Benchmarking a Multi-Leaf 
Collimator Particle 
Transport Algorithm for 
IMRT Field Verification 
(TU-A3-2)

B 08h45

B. S ch a ly  (c)
London Reg.CancerCentre

Dose Tracking for Adaptive 
Radiation Therapy
(TU-A3-3)

B
Session Ends at 09h15 / 

Session se termine à 09h15)

09h00
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TIME
HEURE

Other Locations 
Autres endroits Ballroom A Ballroom B Ballroom C Colbourne Kildonan

09h15 T U -A 5
Plenary Session plénière 

(CAP Medal of Achievement 
winner - Récipiendaire de la 
médaille ACP)
Chair: B. Joos, U.Ottawa 

M ICHAEL THEWALT
SFU

Optical Spectroscopy in 
Semiconductors (TU-A5-1)

09h30 B

09h45 B

T U -A 1 4  (DAMP/DPAM)

Atomic and Molecular 
Spectroscopy and 
Dynamics I /
Spectroscopie et
DYNAMIQUE ATOMQUE ET 
MOLÉCULAIRE I
Chair: P. Zetner, U.Manitoba

T U -A 7  (DCMMP/DPMCM)

Impact of H igh 
Performance C omputing 
on Materials Research / 
Impact d e  l 'informatique à
HAUTE PERFORMANCE SUR LA 
RECHERCHE SUR LES 
MATÉRIAUX
Chair: G Slater, U.Ottawa

TU -A 11 (DNP-CASCA/ 
DPN-CASCA)

Novae and S upernovae /  
Novas e t  supernovas

Chair: S. Safi-Harb, U.Manitoba

T U -A 1 3  (DCMMP/DPMCM) 

CORRELATED
Electrons/M agnetism / 
Électrons corrélés/  
Magnétisme

Chair: W.J.L. Buyers, NRC

T U -A 9  (DTP-PPD 
DPT-PPD)

Particle-S trings-F ields / 
Particules-ficelles-champs

Chair: R. MacKenzie, U.Montreal

10h00 H E P B U R N , John
u b c

Spectroscopy and 
Dynamics o f Threshold 
Ionization o f Clusters and 
Small Molecules 
(TU-A14-1)

C O TE , M ichel
U.Montreal

Virtual Experiments: 
Applications o f Density 
Functional Theory on 
Large-Scale Computation- 
a l Facilities (TU-A7-1)

HW ANG, Una
n a s a /g s f c

Windows into 
Nucleosynthesis from 
X-Ray Observations of 
Supernova Remnants 
(TU-A11-1)

C H A K R A B O R TY, Tapash
U.Manitoba

How to Probe a 
Fractionally-Charged 
Quasihole? (TU-A13-1)

H O LD O M , Bob
U.Toronto

Ghostly Tales (TU-A9-1)

10h15 B B B B B

10h30 JA E G E R , W olfgang
U.Alberta

Spectroscopy o f HeN - 
Molecule Clusters: A 
Probe o f the Onset of 
Superfluidity?
(TU-A14-2)

S O R E N S E N , Erik
McM aster U.

Kondo Effect and 
Persistent Currents in 
Quantum Dot Systems 
(TU-A7-2)

M A TZNER, C h ris topher
U.Toronto

Energy Feedback in Core­
Collapse Supernovae 
(TU-A11-2)

C . Doiron (c)
U.Sherbrooke

Transport Gap in Quantum  
Hall Bilayers a t Total Filling 
Factor ν =5 (TU-A13-2)

LEE, Taejin
u b c

Free Field Representation 
o f Rolling Tachyon
(TU-A9-2)

10h45 B B B
A . Faribau lt (c)

U.Sherbrooke

Pinning Mode o f the 
Electron Crystals in Higher 
Landau Levels (TU-A13-3)

B

11h00 VAN W IJN G A A R D E N , 
W illiam  York U.

Bose-Einstein 
Condensation in a QUIC  
Trap (TU-A14-3)

W H IT M O R E , M ark
MUN

High Performance 
Computing: The New and 
Growing Environment in 
Canada (TU-A7-3)

c o ffe e  B reak  / 
Pause café

C offee  B reak  / 
P ause café

B E R N D S E N , A aron
CHEP, McGill

Aspects o f Brane-Gas 
Cosmology (TU-A9-3)
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Strathcona Westminster Campaign A Victoria Albert Campaign B
TIME
HEURE

B TU-A6 (CASCA)

N ews from Space - 
C ontributed talks / 
N ouvelles de l'espace -
PRÉSENTATIONS CONTRIBUÉES
Chair: M. Fich, U.Waterloo

W. song (c)
London Reg.CancerCentre

Limitations o f a 
Convolution Method for 
Modeling Geometric 
Uncertainties in 
Radiotherapy: The 
Biologic Dose-Per-Fraction 
Effect (TU-A3-4)

C. Wilson (c)
McMaster U.

Odin Upper Limits on 
W ater Emission in 
Starburst Galaxies 
(TU-A6-1)

09h15

A. McNiven (c)
London Reg.CancerCentre

On the Use o f Plane 
Parallel Chambers fo r the 
Verification o f Dose in 
Small Radiation Fields 
(TU-A3-5)

P. Barmby (c)
Haivard-Smithsonian CfA

Deep Mid-Infrared Imaging 
with the Spitzer Space 
Telescope (TU-A6-2)

09h30

N. Venugopal (c)
U. Manitoba

Fast Three Dimensional 
Non-Linear Warping:
Target Localization o f 
Intraprostatic Lesions 
Using Magnetic 
Resonance Spectroscopic 
Images (TU-A3-6)

Session Ends / Fin de 
session

Coffee Break / Pause 
café

09h45

TU-A8 (DTP/DPT)

Mathematical Physics / 
Physique mathématique

Chair: I. Affleck, UBC

TU-A12 (dimp/dpim)

Techniques and Measure­
ments in Semiconductor 
Physics and Transport 
Phenomena / Techniques et
MESURES EN  PHYSIQUE DES
semconducteurs et  
phénomènes d e  transport

Chair: A. Mandelis, U.Toronto

TU-A10 (damp-dop
DPAM-DOP)

C oherent Interactions of 
Lasers / Interactions 
cohérentes des lasers

Chair: J. Martin, U.Waterloo

B B

WALTON, Mark
U.Lethbridge

Finding NIM-reps 
(TU-A8-1)

g a r c ia , Jose
Photo-Thermal Diagnostics

Photo-Carrier Radiometry 
o f Semiconductors: 
Instrumentation and Ion- 
Implantation Studies 
(TU-A12-1)

HAUGEN, Harold
McM aster U.

Selected Studies o f 
Femtosecond Laser 
Ablation and Modification 
o f Semiconductors 
(TU-A10-1)

Session Ends / Fin de 
session

Coffee Break / Pause 
café

TU-A15 (CASCA)

N ews from Space - The 
MOST Satellite / 
N ouvelles d e  l 'espace - Le  
satellite  MOST
Chair: C. Robert, U.Laval

10h00

B B B
TU-A16 (COMP-DMBP)

Y oung Investigators in 
Medical and B iological 
Physics Il / Jeunes
CHERCHEURS(SES)  EN
physique médicale  et 
BIOLOGIQUE II
Chair: J.P. Bissonnette

Princess Margaret Hospital

JAYMIE MATTHEWS
u b c

Space Science in a 
Suitcase: Early Results 
from MOST 
(TU-A15-1)

10h15

SNIATYCKI, Jedrzej
U.Calgary

Gauge Symmetries in 
Yang-Mills Theory 
(TU-A8-2)

g u r e v ic h , Yuri
Cinvestav

The Transport o f 
Nonequilibrium Carriers in 
Semiconductor Structures 
(New Point o f View) 
(TU-A12-2)

M. Cowan (c)
U. Toronto

Diffractive Optics Based 
2 -D IR  Spectroscopy: A 
New Probe o f Hydrogen 
Bonded Networks 
(TU-A10-2)

s . White (c)
Carleton U.

Absolute Volume 
Estimation from 3D 
Hyperpolarized Xenon 
Images - A Monte Carlo 
and Phantom Study 
(TU-A16-1)

B 10h30

B B
Coffee Break / Pause 

café
M. Gordon (c)

U.Toronto

Doppler Optical Coherence 
Tomography for Monitoring 
Anti-Cancer Therapies 
(TU-A16-2)

B 10h45

ROWE, David
U.Toronto

Quasi-Dynamical 
Symmetry in the Approach 
to a Second-Order Phase 
Transition (TU-A8-3)

Coffee Break / Pause 
café B

K. Nakonechny (c)
U.Alberta

Scatter Tails in C T  Single 
Scan Dose Profiles 
Measured with a Diamond 
Detector (TU-A16-3)

TU-A17
CASCA Plaskett Award 

Conférence Plaskett CASCA
Chair: R. Taylor, U.Calgary

JO-ANNE BROWN
U.Calgary

Visualizing the Invisible 
Using Polarization 
Observa tions (TU-A17-1)

11h00
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TIME
HEURE

Other Locations 
Autres endroits Ballroom A Ballroom B Ballroom C Colbourne Kildonan

11h15 B B B
K.J. Vos (c)

U.Lethbridge

The Formation o f Stripes 
and the Enhancement o f 
Pairing in the Anisotropic 
t-J Model (TU-A13-4)

B

11h30 GRIFFIN, Allan
U.Toronto

Molecular BEC 
Condensate vs a BCS 
Superfluid In a Trapped 
Atomic Fermi Gas 
(TU-A14-4)

S. Bekhechi (c)
U.Manitoba

Short-time Dynamics of 
Stacked Triangular 
Antiferromagnets 
(TU-A7-4)

SCHATZ, Hendrik
Michigan State U.

Nuclear Physics on 
Accreting Neutron Stars - 
From X-Ray Bursts to 
Superbursts (TU-A11-3)

B.W. Statt (c)
U.Toronto

Pseudogap in Ortho-II 
YBCO: NMR vs. INS 
(TU-A13-5)

GREGOIRE, Thomas
c e r n

Little Higgs Models and 
Electroweak Precision 
Measurements (TU-A9-4)

11h45 B. Joos (c)
U.Ottawa

Viscoelastic and 
Thermodynamic Properties 
o f Short Chain Polymer 
Melts with van der Waals 
Interactions Near the 
Glass Transition (TU-A7-5)

B
K.C. Hewitt (c)

Dalhousie U.

Continuous Map o f the 
Phase Diagram o f High 
Temperature
Superconductors Using a 
Composition Spread 
Approach (TU-A13-6)

B

12h00 A. Madej (c)
INM S - NRC

Measuring a Single Ion at 
the Limits o f Time 
(TU-A14-5)

J. Polson (c)
u p e i

Simulation Study o f 
Equilibrium Polymer 
Dynamics (TU-A7-6)

D. Ballantyne (c)
c it a

Visualizing the Inner 
Regions o f Accretion Disks 
around Neutron Stars 
Using Superbursts 
(TU-A11-4)

M.P. Bourgeois (c)
U.Laval

Unbiased Laser Detection 
in Uncooled YBCO Thin 
Films (TU-A13-7)

POSPELOV, Maxim
U.Victoria

Search for Dark Matter in 
b 6  s Transition with 
Missing Energy (TU-A9-5)

12h15 N. Moazzen-Ahmadi (c)
U.Calgary

High Resolution Laser 
Spectroscopy o f CCO in 
the C-C and C-O 
Stretching Regions 
(TU-A14-6)

S. Ferdous (c)
MUN

Ab Initio Polarizabilities o f 
Conducting Polymers 
(TU-A7-7)

L.R. Buchmann (c)
TR IU M F

The 12C (α,γ)16ϋ  Reaction: 
Overview and Results of 
DRAGON  
(TU-A11-5)

R.A. Lessard (c)
U.Laval

Fabrication et caractérisa­
tion de couches minces de 
YBaCuO : optimisation de 
la cristallisation 
(TU-A13-8)

B

12h30 Session Ends /  Fin de la 
session

Session Ends /  Fin de la 
session

Session Ends /  Fin de la 
session

Session Ends /  Fin de la 
session

DNP Business Mtg (with 
lunch) - Ends at 13h30 
Réunion d ’affaires DPN 
(lunch com pris) - Se ter­
m ine à 13h30

Session Ends /  Fin de la 
session

13h15

13h30 TU-P3
Plenary Session plénière

(CAP Herzberg Medal winner - récipiendaire de la médaille Herzberg 
de l'ACP)
Chair: B. Joos, U.Ottawa 

KASPI, V ictoria
McGill U.

Revolutions in Neutron Star Astrophysics (TU-P3-1)

13h45
B
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TIME
HEURE

B
HALLEN, Hans

North Carolina State U.

Electron-Induced Motion of 
Atoms: Mechanisms and 
Insights about Hot Electron 
Transport (TU-A12-3)

SIPE, John
U.Toronto

Optically Injected Spin 
Currents in 
Semiconductors 
(TU-A10-3)

X. Wu (c)
U.Toronto

Development o f Novel 
Multi-Focus Acoustic Lens 
Transducer Systems for 
Ultrasound Thermal 
Therapy (TU-A16-4)

B 11h15

EDERY, Ariel
Bishop’s U.

Compact Formulas for 
Casimir Energies in 
D-Dimensions via Operator 
Technique (TU-A8-4)

B B
A. Tunis (c)

U.Toronto

High Frequency 
Ultrasound Monitoring o f 
Structural Changes in 
Cells and Tissues
(TU-A16-5)

Session Ends at 11 h45 / 
Session se termine à 11 h45

TU-A18 (CASCA)

Imaging in the Submilli­
metre W indow / Imagerie
DANS LA  FENÊTRE SOUS-M L - 
LIMÉTRIQUE
Chair: P. Martin, U.Toronto

11h30

B
E. Blackmore (c)

TR IU M F

Ground-Based Testing o f 
Electronic Devices for 
Space Radiation Effects
(TU-A12-4)

S. Peles (c)
Georgia Inst. of Tech.

A Theoretical Model of 
Synchrony for Coupled 
Fiber Lasers (TU-A10-4)

K. Surry (c)
Robarts Res.Inst.

Three Dimensional 
Ultrasound and 
Stereotactic 
Mammography Guided 
Biopsy: A Dual Modality 
System  (TU-A16-6)

R. Taylor (c)
U.Calgary  

Cold Hydrogen Clouds in the 
Milky Way: An Evolutionary 
Missing Link?
(TU-A18-1)

11h45

PATERA, Jiri
U.Montreal

Orbit Functions o f 
Compact Lie Groups and 
Their Applications 
(TU-A8-5)

V. Kovaltchouk (c)
U.Regina

Silicon Photomultiplier as a 
Readout System for a 
Barrel Calorimeter (GlueX  
Project) (TU-A12-5)

Session Ends /  Fin de la 
session

Session Ends /  Fin de la 
session

T. Webb (c)
Leiden Observatory

A  Submm Survey o f High- 
Redship Clusters: A 
submm Butcher-Oemler 
Effect? (TU-A18-2)

12h00

B
K.M. Cheng (c)

U.Manitoba

Dynamic Response o f a 
Pair o f Electrostatically 
Coupled Cantilevers: 
Experimental 
Characterization and 
Modelling (TU-A12-6)

C. Borys (c)
Caltech

Sub-millimetre Science 
with the New Generation 
o f Total-Power, CCD-Style 
Bolometer Arrays 
(TU-A18-3)

12h15

DPP Business Mtg 
Ends at 13h30 
Réunion d’affaires DPP 
Se termine à 13h30

Session Ends /  Fin de la 
session

DOP Business Mtg (with 
lunch) - Ends at 13h30 
Réunion d ’affaires DOP 
(lunch compris) - Se ter­
mine à 13h30

Session Ends /  Fin de la 
session

DMBP Business Mtg (with 
lunch) - Ends at 13h30 
Réunion d’affaires DPMB 
(lunch compris) - Se ter­
mine à 13h30

Session Ends /  Fin de la 
session

TU-A19 (CASCA) 
ALMA Information 
Session / Session d'infor­
mation sur l'ALMA -
Chair: C. Wilson, McMaster U

12h30

TU-P2 (COMP-DMBP/ 
OCPM-DPMB)

Microimaging
Microimagerie

Chair: A. Pejovic-Milic
Ryerson U.

TU-P1 (COMP-DMBP/ 
OCPM-DPMB)

Radiobiology AND T ISSUE 
Characterization /
B iologie  radiologique et
CARACTÉRISATION DES TISSUS

Chair: D.E. Wilkins
Ottawa Reg.CancerCen.

B

K. Whittingstall (c)
Dalhousie U.

Localization o f Neural 
Activity in the Human Brain
(TU-P2-1)

M. Carlone (c)
Ottawa Reg.Cancer Centre

Parameter Correlation for 
a Fully Heterogeneous 
Tumour Control Mode 
(TU-P1-1)

B 13h15

M. Martin (c)
Caltech

Visualizing Myelin 
Disorders in Vivo
(TU-P2-2)

N. Ahmed (c)
Mount Allison U.

Radiation Energy 
Deposition Calculations 
Using Monte Carlo 
Simulations in K-shell X- 
ray Fluorescence Bone 
Lead Measurements
(TU-P1-2)

Session Ends /  Fin de la 
session 13h30

W. Ens (c)
U.Manitoba

Molecular Imaging Using 
an Orthogonal-Injection 
Time-of-Flight Mass 
Spectrometer with a 
Matrix-Assisted Laser 
Desorption Ionization 
Source (TU-P2-3)

J. Hayward (c)
Juravinski Cancer Centre

Monitoring the Response 
o f Mycosis Fungoides to 
Total Skin Electron 
Irradiation with Optical 
Coherence Tomography
(TU-P1-3)

13h45
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14h00

T U -P 1 0  (DOP-CASCA)

A daptive O ptics in 
A stronomy, B iology, 
Medicine, and Physics / 
Optique adaptative en
ASTRONOMIE, BIOLOGIE, 
MÉDECINE ET PHYSIQUE
Chair: M. Campbell, U.Waterloo

T U -P 4  (dcmmp/dpmcm)

Y oung Investigators in C ondensed Matter Physics I / 
Jeunes chercheurs(ses)  en  physique de  la  matière con­
densée I
Chair: H. Kreuzer, Dalhousie U.

T U -P 9  (DAMP/DPAM)

A tomic and Molecular 
S pectroscopy and 
Dynamics II /  Spectrosco-
PIE ET DYNAMIQUE ATOMQUE 
ET MOLÉCULAIRE II
Chair: W. van Wjngaarden

York U.

T U -P 8 (DIMP/DPIM)

G eneral Measurement 
Physics /  Physique des
MESURES GÉNÉRALES
Chair: A. Mandelis, U.Toronto

14h15 D AVIDG E, Tim
n r c

Adaptive Optics Systems 
on Canadian Telescopes 
(TU-P10-1)

W IC K H A M , R obert
St. Francis Xavier U.

Kinetics o f Self-Assembly in Block Copolymer Melts 
(TU-P4-1)

D RA KE, G ordon
U.Windsor

Exotic Nuclear Size 
Measurements from High 
Precision Atomic Theory 
(TU-P9-1)

K O LIO S, M ichael
Ryerson U.

Micrometer Particle Sizing 
Using High Frequency 
Ultrasound with Biological 
Applications (TU-P8-1)

14h30 B B B

14h45 M. C am pbe ll (c)
U.Waterloo

Adaptive Optics: 
Implications to Diagnosis 
and Treatment o f Eye 
Disease (TU-P10-2)

D E N N IS TO N , Colin
UW O

Dynamic Boundaries in Complex Fluids 
(TU-P4-2)

Z E T N E R , P eter
U.Manitoba

Progress in the 
Investigation o f Electron 
Collisions with Laser 
Excited Atoms 
(TU-P9-2)

D. Dahn (c)
u p e i

A Capacitance-Based 
Detector for Monitoring 
Bumblebees (TU-P8-2)

15h00 (TU -P 15 ) Heartland 
Boardroom

W orld  Year o f  Physics  
C om m ittee  M eeting  / 
R éunion du  Com ité pou r 
l'A nnée m ondia le  de la 
phys ique

C offee  B re ak  / 
Pause café B B

C offee  B re ak  / 
P ause café

15h15 B
C offee  B re ak  / 

P ause café
C offee  B re ak  / 

Pause café B

15h30 M U N G E R , Rejean
U.of O ttawa Eye Inst.

Adaptive Optics: 
Implications to Optical 
Correction o f the Eye 
(TU-P10-3)

B
J . C ooper (c)

U.Calgary

Ab Initio Determination of 
Molecular Parameters for 
Ethane-Like Molecules 
(TU-P9-3)

HALLEN , Hans
North Carolina State U.

Electric Field Effects in 
Nanoscale Raman 
Spectroscopy (TU-P8-3)

15h45 B
K ILFO IL , M aria

McGill U.

Consequences o f Being Soft: Equilibrium Concepts in 
Nonequilibrium, Soft Materials Using Real Space Imaging
(TU-P4-3)

L .-H . X u  (c)
UNB

Rotational Spectra, 
Conformational Structures 
and Dipole Moments of 
Thiodiglycol by  Jet-Cooled 
FTM W and Ab Initio 
Calculations (TU-P9-4)

B

16h00 E. B o rra  (c)
U.Laval

Nanoengineered Adaptive 
Optics (TU-P10-4)

B
Z . A bu s a ra  (c)

U.Calgary

Infrared Laser 
Spectroscopy o f CCO:
The V3 Band o f the â‘A 
Electronic State 
(TU-P9-5)

E. G aliano  (c)
LaurentianU.

Theoretical Estimates o f 
the Solid Angle Subtended 
by a Dual Diaphragm- 
Detector Assembly for 
Alpha Sources (TU-P8-4)

16h15 Session Ends /  Fin de la 
session

HILL , Ian G.
Dalhousie U.

Contact Resistance in Organic Thin-Film Transistors
(TU-P4-4)

N. M oazzen -A hm ad i (c)
U.Calgary

The V9 +V4 - V4 Band of 
Ethane (TU-P9-6)

D. H o u lt (c)
n r c

The Quantum Origins o f the 
NMR Signal: A Paradigm 
for Faraday Induction 
(TU-P8-5)
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Session Ends /  Fin de la 
session

R. LeC lair (c)
Laurentian U.

Identification o f Breast 
Specimens via Low-Angle 
X-Ray Scatter 
Measurements with a 
Digital Imaging System
(TU-P1-4)

14h00

TU -P 11  (DPE/DEP)

New D irections in the 
Physics C urriculum / 
Nouvelles orientations
DANS LES PROGRAMMES  
D 'ÉTUDES EN PHYSIQUE

Chair: S.P. Goldman, UWO

T U -P 6  (DTP/DPT)

Particle Physics II / 
Physique des particules II
Chair: M. Shegelski, UNBC

T U -P 5  (ppd)

The Energy Frontier in 
Particle Physics /  La  fron­
tière de  l 'énergie en
PHYSIQUE DES PARTICULES

Chair: P.W. Krieger, U.Toronto

T U -P 7  (dtp-dcmmp/
DPT-DPMCM)

Statistical Physics / 
Physique statistique

Chair: J. Patera, CRM/U.Montreal

B
Session Ends at 14h 15 / 

Fin de la session à 14h15

T U -P 1 2  (CASCA)

Measuring H idden Parts of 
G alaxies /  Mesure des
PARTIES CACHÉES DES GALAX­
IES

Chair: A. Gulliver, Brandon U.

W . Baylis  (c)
U.Windsor

Teaching Relativity in 
Introductory Physics 
(TU-P11-1)

DUTTA, B haskar
U.Regina

Minimal SO(10) Model for 
Neutrinos and Its 
Implications (TU-P6-1)

K O R D A S, Kostas
U.Toronto

Recent Results from the 
Collider Detector at 
Fermilab (TU-P5-1)

A FFLE C K , Ian
u b c

Field-Induced Phase 
Transition in Anisotropic 
Haldane Gap Antiferro­
magnetic Chains (TU-P7-1)

T U -P 1 3  (comp-dmbp/
OCPM-DPMB)

Medical A pplications of 
S ound: Imaging and Beyond 
/  A pplications m édicales du  
son  : l 'im agerie  e t  au -delà

Chair: W.M. Whelan, Ryerson U.

C . Ryan (c)
Sunnybrook/UToronto

Are the Central Engines in 
Narrow-Line Seyfert Is 
Fundamentally Different?
(TU-P12-1)

14h15

D. M athew son (c)
Kwantlen U. College

A Conceptual Treatment of 
Gauss’ Law  (TU-P11-2)

B B B
B R O N S K ILL , M ichael

U.Toronto

MRI Guidance for the New  
Sounds o f Tumour 
Therapy (TU-P13-1)

K. D ouglas  (c)
U.Calgary

Analysis o f Gas and Dust 
Emission in the Interstellar 
Medium o f the Outer 
Galaxy with the Canadian 
Galactic Place Survey
(TU-P12-2)

14h30

G. M cG uire  (c)
u c f v

Novel Computer Algebra 
Physics Problems 
(TU-P11-3)

M A R LE A U , Luc
U.Laval

Revisiting the Skyrme 
Model (TU-P6-2)

M A ZIN I, Rachid
U.Toronto

The ATLAS Detector 
Physics Potential
(TU-P5-2)

HERBUT, Igor
SFU

Theory o f Underdoped 
Cuprates as Strongly 
Fluctuating d-wave 
Superconductors 
(TU-P7-2)

B TU-P14 (CASCA) 
O utgoing President’s Talk
/ Conférence du président 
sortant
Chair: J. Hesser, NRC

G R E TC H E N  H AR RIS
U.Waterloo

14h45

A . R ogers  (c)
U.Manitoba

M agical Squares in 
University Physics 
Education (TU-P11-4)

B B B
C LA R K E , Robert

Carleton U.

High Intensity Focused 
Ultrasound for Non­
Invasive Therapy
(TU-P13-2)

Story So Far (TU-A14-1)

B
15h00

Session Ends /  Fin de la 
session

C offee  B reak  /
P ause  café

C O R R IV E A U , Francois
IPP/McGill U.

Recent ZEUS Results at 
HERA  (TU-P5-3)

c o ffe e  B reak  / 
Pause café B

C offee  B reak  / 
P ause café 15h15

T R O TT IE R , How ard
SFU

Perturbation Theory for 
High-Precision Lattice 
QCD (TU-P6-3)

B
O SH IK AW A , M asaki

Tokyo Inst. of Tech.

Junctions o f Three 
Quantum Wires and the 
Dissipative Hofstadter 
Model (TU-P7-3)

B R O W N , J .A .
Q ueen’s U.

Development and 
Applications o f High 
Frequency Ultrasound 
Imaging Systems
(TU-P13-3)

B 15h30

B
C offee  B reak  / 

Pause café B B TU-P16 (CASCA) 
Lo n g  R a n g e  P lan  
R e v ie w  /  E xa m en  d u  
p la n  à lo n g  te rm e
Chair: R.Pudritz, McMaster U

(ends at 16h30 / 
se term ine  à 16h30)

15h45

DATTA, A lakab h a
U.Toronto

Getting CP Violating 
Phase Information From  
b -> d Penguins (TU-P6-4)

B
TREM BLAY, A ndre -M arie

U.Sherbrooke

Two Ways to Destroy a 
Ferm i Liquid (TU-P7-4)

K O LIO S, M ichael
Ryerson U.

High Frequency 
Ultrasound Imaging and 
Spectroscopy for the 
Imaging o f Cell Damage 
and Death (TU-P13-4)

16h00

B
B. Vachon (c)

Fermi Nat’l Accel.Lab.

Search for the Production of 
Single Top Quarks in High 
Energy Proton-Antiprotons 
Collisions (TU-P5-4)

B B 16h15
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HEURE

Other Locations 
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16h30 D. Tokaryk (c)
UNB

High Resolution Laser 
Spectroscopy of 
Magnesium Monoacetylide 
(TU-P9-7)

A. Liptak (c)
u b c

Modulation of Partial 
Internal Reflection at an 
Optical Interface 
(TU-P8-6)

16h45 Session Ends /  Fin de la session L-H. Xu (c)
UNB

Lamb-Dip Observations 
and Assignments of Some 
Compact Q-Branches in 
the 11 μm Region for 1,3 
Butadiene (TU-P9-8)

session Ends /  Fin de la 
session

17h00 session Ends /  Fin de la 
session

17h15

17h30

19h00 _______________ B a n q u e t  R e c e p t io n

19h30 B a n q u e t

Wednesday, June 16
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TIME
HEURE

DICK, R ainer
U.Saskatchewan

Theoretical Aspects of 
Ultra-High Energy Cosmic 
Rays (TU-P6-5)

O . S te lze r-C h ilton  (c)
U.Toronto

Measuring the W Boson 
Mass with CDF in Run lia 
(TU-P5-5)

S A IN T-A U B IN , Yvan
U.Montreal

Behavior o f the Two­
Dimensional lsing M odel at 
the Boundary o f a Half­
infinite Cylinder (TU-P7-5)

G. S p irou  (c)
U.Toronto

Photoacoustic imaging in 
Biological Tissues for 
Monitoring Thermal 
Lesions (TU-P13-5)

T U -P 1 7

C A S C A  A n n u a l G e n e ra l 
M e e tin g  /  A sse m b lé e  
gén é ra le  de la  CASCA
Chair: G  Harris, U.Waterloo

16h30

B
R. M oore (c)

U.Alberta

Searches for SUSY at D0 
(TU-P5-6)

B
R. V lad  (c)

Ontario Cancer Inst.

High Frequency 
Ultrasound in Monitoring 
Liver Suitability for 
Transplantation 
(TU-P13-6)

16h45

Session Ends /  Fin de la 
session

S . S ab ik  (c)
U.Toronto

Study o f Jet Fragmentation 
for the Measurement of the 
Top Mass with CDF 
(TU-P5-7)

Session Ends /  Fin de la 
session

Session Ends /  Fin de la 
session

17h00

T U -P 1 8

CAP Annual General 
Meeting /  Assemblée 
générale de l ’ACP

T U -P 1 9

CO M P A nnual General 
Meeting /  Assemblée 
générale de l'OCPM

K. G arro w  (c)
TR IU M F

Observation of a |S|=1 
Baryon State at a Mass o f 
1.528~GeV in Quasi-Real 
Photoproduction (TU-P5-8)

17h15

Session Ends /  Fin de la 
session 17h30

19h00 R é c e p t io n  d u  b a n q u e t  Ballrooms
A/B/C

19h30 B a n q u e t

Mercredi, le 16 juin

Strathcona Westminster Campaign A Victoria Albert Campaign B
TIME
HEURE

(WE-A1) - Réunion du comité de liaison ACP-CRSNG (07h00-09h00) - Heartland Boardroom 

(WE-A2) - Réunion d'affaires DEP (07h00 - 08h51) - Private Dining Room

07h00

W E -A 5  (COMP/OCPM)

Radiation Treatment 
Planning /  Planification 
d 'une radiothérapie

Chair: W. Beckham,
BC Cancer Agency

W E -A 4 (CASCA)

Portraits at Multiple 
W avelengths /  Portraits à
LONGUEURS D'ONDES MULTI­
PLES
Chair: I. Short,, Saint Mary's U.

P. P otrebko  (c)
CancerCare Manitoba

M. B ie tenho lz (c) 08h30
York U

A Broad Beam Analytical 
Photon Scatter Model 
Employing Convolution 
Techniques (WE-A5-1)

Time-Evolution and Radio­
Optical Correlations in the 
Synchrotron Emission of The 
Crab Nebula (WE-A4-1)

N. B la is  (c)
Hopital Maisonneuve- 

Rosemont

Evaluation of the 
Rectangular Scatter 
Integration Model (RSI) 
(WE-A5-2)

L . B uck ley  (c)
Carleton U ./N R C  

A Correlated Sampling User- 
Code for the EGSnrc 
System (WE-A5-3)

A . M offa tt (c)
U.Montreal

Wind-Wind Collisions from 
X-Ray to Radio: The 
Massive Prototype Binary 
WR140 (WE-A4-2)

W E -A 6 (CASCA)

Data M ining and A rchiving 
/  Exploitation et  archivage
DES DONNÉES
Chair: R. Bochonko, U.Manitoba

d a v id  s c h a d e
NRC

Data Mining and the Virtual 
Observa tory (WE-A 6-1)

08h45

09h00
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TIME
HEURE

Other Locations 
Autres endroits Ballroom A Ballroom B Ballroom C Colbourne Kildonan

09h15 WE-A7
CAP/COMP Plena 

Chair: C. Arsenault, Dr. Georges L

DAVID ROGERS

Monte Carlo Simulation o f Ele 
From Particle Physics to Can

ry Session plénière ACP/OCPM 
Dumont Hospital

Carleton U.
ctron-Photon Transport: 

cer Radiotherapy (W E-A7-1)

09h30 B

09h45 B

Session Ends at 10h00 /  Session se termine à 10h00

WE-A9 (DCMMP/DPMCM)

Young Investigators in 
Condensed Matter Physics 
II / Jeunes chercheurs(ses)
EN PHYSIQUE DE LA MATIÈRE 
CONDENSÉE II
Chair: M. Cote, U.Montreal

WE-A8 (DIAP-DIMP/ 
DPiA-DPiM)

Instrumentation and 
Techniques in Biomedical 
Physics II / Instrumenta­
tion ET TECHNIQUES EN 
PHYSIQUE BIOMÉDICALE II 
Chair: R. Maev, U.Windsor

WE-A13 (DTP/DPT)

General relativity and 
Gravitation I / Relativité

GÉNÉRALE ET GRAVITATION I
Chair: A. Kempf, U. Waterloo

10h00 ROSEI, Federico
U.Quebec

Critical Issues in Ge/Si 
Nanostructures:
Positioning, Intermixing 
and Ripening (WE-A9-1)

KRULL, Ulrich
U.Toronto

Genomic Target 
Identification Using 
Imaging o f Distributed 
Gradients of
Oligonucleotide Probes in 
Conjunction with 
Microfluidics (WE-A8-1)

KUNSTATTER, Gabor
U.Winnipeg

Vibrational Modes o f Black 
Holes and Their Quantum  
Gravitational Microstates 
(WE-A13-1)

10h15 B WE-A17 (COMP/OCPM)

Radiation Dosimetry / 
Dosimétrie des rayon­
nements
Chair: K. Sixel,

Sunnybrook/UToronto

WE-A16 (DOP-DAMP/ 
DOP-DPAM)

Ultrafast Laser 
Applications / A pplications
DES LASERS ULTRA-RAPIDES
Chair: W.-K. Liu, U.Waterloo

B B

10h30 KNOBEL, Robert
Q ueen’s U.

Integrated Mechanics and 
Electronics at the 
Nanoscale (WE-A9-2)

J. Battista (c)
London Reg.CancerCentre

Accuracy in Dose 
Caibration o f Fricke- 
Xylenol Gels Using Optical 
CT Scanning (WE-A17-1)

FORTIER, Tara
U.Colorado

Carrier-Envelope Phase 
Stabilized Modelocked 
Lasers (WE-A16-1)

ALVARADO-GIL, Juan
U.Guelph

Study o f Blood 
Sedimentation by 
Photothermal and Optical 
Techniques (WE-A8-2)

MANN, Robert
U.Waterloo

Mass Conjectures, Entropy 
Bounds and the ds/CFT  
Correspondence
(WE-A13-2)

10h45 B
S. Babic (c)

Q ueen’s U ./KRCC

NMR Relaxometry Study 
and Gravimetric Analysis 
o f an Aqueous Polyacryla­
mide Dosimeter Without 
Gelatin (WE-A17-2)

B B B

11h00 Coffee Break / 
Pause café

M. Nielsen (c)
Sunnybrook/UToronto

Preliminary Study o f the 
MAGIC Gel Dosimeter 
Using X-Ray Computed 
Tomography (WE-A17-3)

R. Holenstein (c)
U.Alberta

Simulation of 
Femtosecond Laser 
Ablation o f Silicon
(WE-A16-2)

Coffee Break / 
Pause café

PAGE, Don
U.Waterloo

Particle Production in a 
Tunneling Universe 
(WE-A13-3)

11h15 B L. Beaulieu (c)
Centre Hospitalier Univ.

Comparison o f Scintillating 
Fibers for Increasing the 
Signal to Noise Ratio of 
Scintillator Dosimeters 
(WE-A17-4)

Coffee Break / 
Pause café B B
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Strathcona Westminster Campaign A Victoria Albert Campaign B
TIME
HEURE

S.P. Goldman (c)
UW O

Fast Inverse Dose 
Optimization (FIDO) for 
IMRT via Matrix Inversion 
with no Negative Intensities 
(WE-A5-4)

B 09h15

A. Bergman (c)
Vancouver CancerCentre

Improved Calculation 
Accuracy for IMRT Using 
Modified Single Pencil Beam 
Calculation Kernels
(WE-A5-5)

B 09h30

S. Yartsev (c)
London Reg.CancerCentre  

Virtual Organs as a Tool in 
Inverse Planning o f IMRT 
(WE-A5-6)

Session ends at 10h00 /
Fin de la session à 10h00

Session Ends / Fin de la 
session

Coffee Break until 10h00/ 
Pause café jusqu’à 

10h00

09h45

W E-A12 (DIMP/DPIM)

Imaging with Photoacoustic 
and Photothermal NDE 
Techniques and M icro­
scopies/  Imagerie à  l 'aide  de 
TECHNIQUES END ET DE 
MICROSCOPIES photoacous­
tiques ET PHOTOTHERMIQUES 

Chair: A. Mandelis, U.Toronto

WE-A11 (DNP-DAMP/ 
DPN-DPAM)

Ion Traps in A tomic and 
Nuclear Physics /  Pièges à
IONS EN PHYSIQUE ATOMIQUE 

E T  NUCLÉAIRE

Chair: K. Sharma, U.Manitoba

W E-A10 (PPD)

Particle A strophysics / 
A strophysique des parti­
cules

Chair: W. Trischuk, U.Toronto

W E-A14 (BSC/SBC)

S ynchrotron B iophysics: 
The Canadian Light S ource 
/  B io p h ysiq u eau  synchro­
tron :  La  source de
LU M È R E  CANADIENNE

Chair: J. Lepock, U.Waterloo

B

MICHAELIAN, Kirk
Natural Resources Cda

Disperse Photoacoustic 
Spectroscopy o f 
Hydrocarbons (WE-A12-1)

PEARSON, Matthew
TR IU M F

Nuclear Physics from Cold, 
Trapped Atoms 
(WE-A11-1)

GRAHAM, Kevin
Q ueen’s U.

Recent Results from the 
Sudbury Neutrino 
Observatory (W E-A10-1)

THOMLINSON, William
c l s

The Canadian Light Source: 
Opportunities in Biomedical 
Research (W E-A14-1)

W E-A15 (CASCA)

Imaging Multiple 
W avelengths /  Imagerie
DANS DES LONGUEURS D 'O N­
DES MULTIPLES
Chair: R. Bond, CITA

10h00

B B B B
M. Sawicki (c)

n r c

The Evolution o f the Galaxy 
Luminosity Function and 
Cosmic Star Formation 
History from z~4 to z~1.7 
Using Multiwavelength 
Imaging (W E-A15-1)

10h15

SHEN, Jun
n r c

Photothermal Beam 
Deflection Techniques 
Applied to the Non­
Destructive Measurements 
o f Thermophysical 
Properties (W E-A12-2)

MARTIN, James
U.Waterloo

Dipole-Dipole Interactions 
between Ultracold Rydberg 
Atoms (WE-A11-2)

RAGAN, Kenneth
McGill U.

STACEE Continues -- VERI- 
TASLives ! (W E-A10-2)

CHAPMAN, Dean
U.Saskatchewan

New Sources of X-Ray 
Imaging Contrast
(W E-A14-2)

C. W illott (c)
HIA

Multi-Waveband Imaging of 
the Most Distant Black Holes
(W E-A15-2)

10h30

B B B B
H. Yee (c)

U.Toronto

The Red-Sequence Cluster 
Surveys (W E-A15-3)

10h45

Coffee Break / 
Pause café

Coffee Break / 
Pause café

Coffee Break / 
Pause café

Coffee Break / 
Pause café

W E -A 18 (CASCA) 
Prix Beals Award

Chair: G  Harris, U.Waterloo

ERNEST SEAQUIST
U.Toronto 

The Galaxy M82 - a 
Rosetta Stone for the 
Starburst Phenomon
(WE-A18-1)

11h00

B B E. Rollin (c)
Carleton U.

Wavelength Shifter in the 
Heavy Water of the Sudbury 
Neutrino Observatory 
(W E-A10-3)

B B
Session ends at 11 h45 /  La 
session se termine à 11 h45

11h15
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TIME
HEURE

Other Locations 
Autres endroits Ballroom A Ballroom B Ballroom C Colbourne Kildonan

11h30 EMBERLY, Eldon
SFU

The Smallest Molecular 
Switch (WE-A9-3)

P. Petric (c)
b C  Cancer Agency

A Tissue Equivalent Plastic 
Scintillator Based 
Dosimetry System for 
Verification o f IMRT Dose 
Distributions (WE-A17-5)

B
KOTLICKI, Andrzej

u b c

Applied Research at the 
Structured Surface Physics 
Laboratory at UBC 
(WE-A8-3)

POISSON, Eric
U.Guelph

The Gravitational Self­
Force (WE-A13-4)

11h45 B
K. Stewart (c)

McGill U.

Development o f a Novel 
Liquid Ionization Chamber 
for Radiation Dosimetry 
(WE-A17-6)

SHAPIRO, Evgeny
n r c

Arbitrary Shaping o f 
Molecular Wavepackets 
by AC Stark Shifts 
(WE-A16-3)

B B

12h00 ZHOU, Fei
u b c

Spin Correlated Ultra Cold 
Atoms (WE-A9-4)

L. Archambault (c)
U.Laval

Response o f a MOSFET 
for 50 keV to 5 MeV 
Incident Radiation and Its 
Impact in Radiotherapy 
Measurements 
(WE-A17-7)

B
BEAULIEU, Luc

U. Laval

Scintillating Optical Fibers 
as High Precision, Small 
Area Dosimeters in 
Radiation Therapy 
(WE-A8-4)

LAKE, Kayll
Q ueen’s U.

Recent Developments in 
Computer Algebra Applied 
to General Relativity 
(WE-A13-5)

12h15 B
N. Videla (c)

Sunnybrook/UToronto

Evaluation o f the Water 
Equivalence o f Solid Water 
Model 457 for Photon and 
Electron Measurements in 
TG-51 Protocol 
(WE-A17-8)

B.J. Siwick (c)
U.Toronto

Femtosecond Electron 
Diffraction and the Quest 
for the “Molecular Movie” 
(WE-A16-4)

B B

12h30 Private Dining Room

WE-A20 New Faculty 
Luncheon / Déjeuner 
pour les nouveaux 
professeurs

Session Ends / Fin de la 
session

Session Ends / Fin de la 
session

Session Ends / Fin de la 
session

Session Ends / Fin de la 
session

DIMP/DIAP Business 
meeting (ends at 13h30) / 
Réunion d’affaires DPiM/ 
DPIA (se termine à 
13h30)

Session Ends / Fin de la 
session

12h45

13h30

13h45

14h00
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TIME
HEURE

B A E S S O , M auro
U.Maringa

Time-Resolved Thermal 
Lens for Thermo-Optical 
Measurements in 
Transparent Materials During 
Phase Modification 
(W E-A12-3)

D ILLING , Jens
TR IU M F

Ion Traps in Nuclear 
Physics: The Ultimate Tool 
for Precision Experiments
(WE-A11-3)

C .J . V irtue  (c)
Laurentian U. 

SNO, SNEWS, and the Next 
Galactic Supernova 
(W E-A10-4)

J A L ILE H V A N D , K enneth
U.Calgary

X-Ray Absorption 
Spectroscopy in Natural 
Sciences; Exploring New 
Possiblities (W E-A14-3)

W E -A 1 9  (CASCA)

N ew D irections in Imaging 
/  Nouvelles orientations 
en  imagerie
Chair: T. Landecker, NRC

11h30

B B
P J . W atson (c)

Carleton U.

Possible Tests o f Universal 
Gravitation at Short 
Distances (W E-A10-5)

B
I. C am eron (c)

U.Manitoba

Crossing the Disciplines: 
Using Medical Imaging 
Software for Doing 
Astronomical Image Analysis 
(W E-A19-1)

11h45

B R IG G S, M atthew
Los Alamos Nat’l Lab 

Optical Velocity- 
Measurement Techniques 
for Supersonic Surfaces 
(W E-A12-4)

K. S harm a (c)
U.Manitoba  

Recent Atomic Mass 
Measurements on Nuclei Far 
From Stability with the 
Canadian Penning Trap 
Mass Spectrometer
(WE-A11-4)

S ession  Ends /  Fin de la 
session

P PD  Business m eeting  
(ends  a t 12h15) / 

R éunion d ’a ffa ires  PPD  
(se term ine  à  12h15)

NG, K enneth
U.Calgary  

Protein Crystallography and 
Antiviral Drug Design
(W E-A14-4)

R. Reid (c)
d r a o / h ia / n r c

Smear Fitting: A New 
Deconvolution Method for 
Interferometry (WE-A19-2)

12h00

B
T.J. Harm on (c)

U.Calgary

Tripartite Entanglement of a 
Trapped Atom in an Optical 
Cavity (WE-A11-5)

B
P. M artin  (c)

c it a

On Predicting the 
Polarization o f Low- 
Frequency Emission by 
Diffuse Interstellar Dust
(W E-A19-3)

12h15

S ess ion  Ends /  Fin de la 
session

M .C. Fu jiw ara  (c)
R IK E N /TR IU M F  

Casting Light on Antimatter: 
Cold Antihydrogen with 
ATHENA (WE-A11-6)

S ession  Ends /  Fin de la 
session

S ess ion  Ends /  Fin de la 
session

W E -A 21
Chair: R. Bond, U.Toronto
C IT A A G M  /  A ssem blée  
généra le  C ITA
(ends at 13h30 / se termine à 
13h30)

12h30

S ession  Ends /  Fin de la 
session

12h45

W E -P 2  (COMP/OCPM)

Radiation Treatment 
Delivery /  Exécution  d e  la
RADIOTHÉRAPIE
Chair: D. Viggars,

CancerCare Manitoba

W E -P 1  (CAP-COMP/ 
ACP-OCPM)

Plenary Session plénière 
(Kirkby Medal winner / Récipien­
daire de la mé-daille Kirkby) 
Chair: M. Steinitz, St. F-X U.

ROBERT BARBER
U.Manitoba

IUPAP - A Brief 
Introduction (W E-P1-1)

J. C h o w  (c)
Grand River Reg.CancerC.

Surface and Peripheral 
Surface Dose on the 
Prostate IMRT Treatment
(WE-P2-1)

13h30

B
G.N. G rig orov  (c)
Grand River Reg.CancerC.

Mixed IMRT and 
Conventional Four-Beam 
Box Treatment on Prostate 
Cancer (WE-P2-2)

W E -P 3  (CASCA)

V isualizing Theory: 
S imulations in C osmology / 
Théorie d e  visualisation : 
simulations en  cosmologie

Chair: C. Kerton, Iowa State U.

13h45

B
F. V alle jo  (c)

Juravinski CancerCentre

Parameters Affecting the 
Spurious Variation o f Photon 
Fluence in IMRT
(WE-P2-3)

D U B IN S K I, John
U.Toronto

A Universe in Motion: 
Dynamical Evolution o f 
Galaxies in the New 
Cosmological Paradigm 
(W E-P3-1)

14h00
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HEURE

Other Locations 
Autres endroits Ballroom A Ballroom B Ballroom C Colbourne Kildonan

W E -P 6 (DIMP-CASCA/ 
DPIM-CASCA)

Imaging in the S tars and on 
Earth /  Im agerie dans les
ÉTOILES ET SUR TERRE
Chair: J. Rice, Brandon U.

W E -P 8 (DIAP-DPIA) 

Industrial and A pplied 
Physics G eneral S ession / 
Session générale sur la  
physique industrielle  et 
appliquée

Chair: G Beer, U. Victoria

W E -P 5  (DNP/DPN)

Radioactive Beam - H eavy 
Ion Physics /  Physique des 
faisceaux  radioactifs/  
d ’ions  lourds

Chair: C. Svensson, U. Guelph

W E -P 1 0  (DTP/DPT)

G eneral Relativity and 
G ravitation II /  Relativité

GÉNÉRALE ET GRAVITATION I l
Chair: M. Paranjape, U.Montreal

14h15 D. S co tt (c)
u b c

Dusty Corners o f the 
Universe (WE-P6-1)

BATTISTA, J erry
London Reg.CancerCentre

On-Line CT Imaging for 
Precision Radiotherapy 
(WE-P8-1)

G A LIN D O -U R IB A R R I,
A lfredo

O ak Ridge Nat.Lab. 

Nuclear Spectroscopy with 
Radioactive Ion Beams: 
Latest Results from HRIBF 
(WE-P5-1)

DAS, S aurya
U.Lethbridge

Black Holes in Future 
Colliders (W E-P10-1)

14h30 SH E PA R D , S teven
Thermal W ave Imaging

Pulsed Thermography: 
Perspectives on the 
Evolution from Qualitative to 
Quantitative Application 
(WE-P6-2)

B B B

14h45

B
HA LLIN , Em il

c l s

The Applied Science 
Program at the Canadian 
Light Source (WE-P8-2)

H A C K M A N , Greg
TR IU M F

TRIUMF-ISAC Gamma-Ray 
Escape Suppressed 
Spectrometer (TIGRESS)
(WE-P5-2)

H U S A IN , V iq ar
UNB

Singularity Resolution in 
Quantum Gravity 
(WE-P10-2)

15h00 C offee  B reak  /  Pause  
café B B B

15h15

B
C offee  B reak  /  Pause  

café
A N D R E O IU , C orina

U.Guelph

Doorway States in th 
Gamma Decay-Out o f the 
Yrast Superdeformed Band 
in 59Cu (WE-P5-3)

C offee  B reak  /  Pause  
café

15h30 W A D E , G regg
r m c

Imaging the Surfaces of 
Stars (WE-P6-3)

J . A g g arw al (c)
u b c

Fluid Motion Induced by 
Sequential Interface 
Deformation (WE-P8-3)

B
W O O LG A R , Eric

U.Alberta

The Poincaré Conjecture, 
Ricci Flow, and the 
Renormalization Group
(WE-P10-3)

15h45

B
FE N S TE R , A aron

Robarts Res.Inst.

From Concept to Product:
3D Ultrasound Imaging for 
Diagnosis and Treatment
(WE-P8-4)

B E A U LIE U , Luc
U.Laval

The Dynamics o f Neck 
Formation and Its Isospin 
Dependence (WE-P5-4)

W E -P 1 3  (PPD-CASCA)

Dark Matter and Dark 
Energy /  Matière  et 
énergie noires

Chair: D. Scott, UBC

B

16h00 A N T O N IO W , J ea n - 
Stephane

Reims U.

(Photo)thermal Imaging 
Using a Modified Atomic 
Force Microscope (AFM) 
Combined with Pyroelectric 
Detection (WE-P6-4)

B B
H O E K S TR A , Henk

c it a

Astrophysical Evidence for 
Dark Matter (WE-P13-1)

U N R U H , W illiam
u b c

Dumb Holes - Black Holes in 
the Lab? (WE-P10-4)

16h15

B
RU TH , Thom as

TR IU M F

Production o f Radioisotopes 
for Research in Bioscience 
and Physical Science 
(WE-P8-5)

G. G rin ye r (c)
U.Guelph

High Precision Beta Decay 
Measurements o f 26Na at 
ISAC (WE-P5-5)

B B
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TIME
HEURE

B BW E -P 9  (DPP)

Plasma Physics /  Physique 
des plasmas

Chair: C. Boucher, INRS

W E -P 7  (DOP)

Photonics Devices / 
Dispositifs photoniques

Chair: M. Campbell, U.Waterloo

W E -P 4  (DCMMP/DPMCM)

Materials and Magnetism / 
Matériaux  et  magnétisme

Chair: R. Roshko, U.Manitoba

H IR O S E, A kira
U.Saskatchewan

Anomalous Electron Thermal 
Conduction in Tokamaks 
(WE-P9-1)

J. M ihaychuk  (c)
n r c

Broad-Spectrum Light 
Emission in Silicon Tunnel 
Diodes (W E-P7-1)

Q U IR IO N , G uy
MUN

Investigation of the Phase 
Diagram o f UNi2Si2 
(WE-P4-1)

W . B eckham  (c)
BC Cancer Agency

Clinical Implementation of a 
3-D Monte Carlo Based 
Validation Process for IMRT
(WE-P2-4)

B
S ession  Ends a t 14h45 / 
La session  se te rm ine  à 

14h45

14h15

B
L . P o irie r (c)

U.Calgary

Computational Analysis of 
Group Velocity in Periodic 
Media (WE-P7-2)

B
D. S cora  (c)

Sunnybrook/UToronto

Radiation Spot Position Non­
Coincidence on Dual Energy 
Linacs: Implications for 
Precision Therapies
(WE-P2-5)

W E -P 1 1  (CASCA)

V isualizing C oncepts in 
T heory /  Visualisation  des 
concepts théoriques

Chair: J. Fiege, NRC-HIA

14h30

A . Ito (c)
U.Saskatchewan

Discrete Alfvén Wave 
Spectra Due to Hall Current 
(WE-P9-2)

S. Yang (c)
U.Toronto

Focusing o f Light in a 3D 
Inverse Ferroelectric 
Photonic Crystal (WE-P7-3)

C. D ean (c)
Q ueen’s U.

Formation of Nickel-Graphite 
Intercalation Compounds on 
Silicon Carbide
(WE-P4-2)

M . Tam basco (c)
Sunnybrook/UToronto

Optimization of Imaging 
Geometry for Megavoltage 
Cone-Beam CT (WE-P2-6)

J . O ’Neill H urry  (c)
U.Toronto

Observing Simulated 
Galaxies (WE-P11-1)

14h45

M .P  B rad ley  (c)
U.Saskatchewan  

Joint Plasma/Thermal Model 
for Plasma Ion Implants of 
Photonic Materials 
(WE-P9-3)

S ession  Ends /  Fin de la 
session

C o f fe e  B r e a k  /  P a u s e  
c a fé

S ession  Ends /  Fin de la 
session

C o f fe e  B r e a k  to  1 5 h 3 0  
P a u s e  c a fé  ju s q u 'à  

1 5 h 3 0

E. Thom m es (c)
c it a

Dynamics of Young 
Planetary Systems 
(WE-P11-2)

15h00

P. Dobias  (c)
U.Alberta

Observation Constrained 
Equilibria, Plasma 
Instabilities, and Substorm 
Intensification Phase 
(WE-P9-4)

B W E -P 1 2  (c o m p /o c p m )

Radiation Treatment 
V erification /  Vérification 
d e  la  radiothérapie

Chair: C. Arsenault
Dr.Georges L. Dumont Hospital

D. M cNeil (c)
Q ueen’s U. 

Sliding Into Home:
Terrestrial Formation and 
Type I Migration 
(WE-P11-3)

15h15

S ess ion  Ends /  Fin de la
session

P. Bronsveld  (c)
U. of Groningen 

Ordered Co3 W
(WE-P4-3)

B. M cC urdy  (c)
CancerCare Manitoba 

Daily Targeting o f Prostate 
Through EPID Visualization 
o f Implanted Markers 
(W E-P12-1)

S ess ion  Ends /  Fin de la 
session

C o f fe e  B r e a k  to  1 6 h 0 0  
P a u s e  c a fé  ju s q u ’à  

1 6 h 0 0

15h30

A. P o lom ska  (c)
MUN

Brillouin Light Scattering 
from Ordered Carbon 
Nanotube Arrays (WE-P4-4)

K . S ixe l (c)
Sunnybrook/UToronto

Measurement o f Intra- and 
Inter- Fraction Prostate 
Motion Using Electronic 
Portal Imaging of Implanted 
Radio-Opaque Markers 
(W E-P12-2)

W E -P 1 4  (CASCA) 

IMAGING THE INVISIBLE
S pectrum /  Im agerie dans
LE SPECTRE DE L'INVISIBLE
Chair: M. Bietenholz, York U.

15h45

A. S ark iss ian  (c)
Plasmionique Inc. 

Plasma-Assisted Deposition 
of Advanced Carbon-Based 
Coatings (WE-P4-5)

K .J ab b a ri (c)
U.Manitoba  

Automatic Extraction of 
Patient Out-of-Plane 
Rotation Using Portal 
Images (WE-P12-3)

R. B rar (c)
Q ueen’s U.

Cold Dust - Radio 
Continuum Correlation in 
Spiral Galaxies 
(WE-P14-1)

16h00

W .L. Li (c)
U.Manitoba  

Coincident First- and 
Second-Order Magnetic 
Transitions in Single Crystal
La0 73Ca0 27MnO3
(WE-P4-6)

C . K irk b y  (c)
U.Alberta

Removing Blur from Energy 
Fluence Measurements 
Made Using Varian’s aS500 
Electronic Portal Imaging 
Device (WE-P12-4)

J . Hessels  (c)
McGill U.

Imaging of the Young, 
Energetic Radio Pulsar 
J2021+3651 with the 
Chandra X-Ray Observatory 
(WE-P14-2)

S ession  Ends a t 16h30  / 
Fin de la session  à 

16h30

16h15
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Detailed Congress Program - W ednesday, June 16 /  Thursday, June 17

TIME
HEURE

Other Locations 
Autres endroits Ballroom A Ballroom B Ballroom C Colbourne Kildonan

B B B B B

16h30 Session Ends / Fin de la 
session B

A. Olin (c)
TR IU M F

Simulation of the DRAGON 
Recoil Mass Separator 
Using GEANT (WE-P5-6)

WICHOSKI, Ubi
U.Montreal

Status of the Dark Matter 
Search (WE-P13-2)

DASGUPTA, Arundhati
U.Libre de Bruxelles

Entropy o f a Black Hole 
Apparent Horizon 
(WE-P10-5)

16h45 Session Ends / Fin de la 
session

R. Roy (c)
U.Laval

Target Proximity Effect in 
Heavy-ion Collisions 
(WE-P5-7)

B B

17h00 Session Ends / Fin de la 
session

L. Parker (c)
U.Waterloo

Weak Lensing by Galaxy 
Groups at intermediate 
Redshift (WE-P13-3)

Session Ends / Fin de la 
session

17h15 M. Landry (c)
Hanford U./Caltech 

Results from LiGO’s Second 
Science Run: A Search for 
Continuous Gravitational 
Waves (W E-P13-4)

17h30 Session Ends / Fin de la 
session

Thursday, June 17

TOURS FOR THE OBSERVATORY AND PLANETARIUM (CASCA)

U. of Manitoba Physics Alumni Reunion Events (to celebrate the 100th anniversary of the department) 

Meeting of the CAP/NSERC Liaison Committee (09h00 - 12h00) - Strathcona Room, Delta Hotel

Next CAP Annual Congress 

2005 June 18-21

at the University of British Columbia, Vancouver, BC 

-- CAP's 60th Anniversary and World Year of Physics --
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Mercredi, le 16 juin /  Mardi, le 17 juin - Programme détaillé du congrès

Strathcona Westminster Campaign A Victoria Albert Campaign B
TIME
HEURE

B B
W E-P15 (CASCA)

M iscellaneous Intrigues / 
Intrigues diverses

Chair: D. Hanes, Queen’s U.

Session Ends / Fin de la 
session

T. Stanescu (c)
CrossCancer Inst.

Lag Mechanism in 
Amorphous Selenium 
Radiation Detectors 
(W E-P12-5)

J. Kalirai (c)
UBC

The Initial-Final Mass 
Relationship (W E-P15-1)

16h30

J. Battista (c)
London Reg.CancerCentre  

Fundamental Spatial 
Resolution Limits in 
Megavoltage X-Ray 
Detectors (W E-P12-6)

A. Sajina (c)
UBC

Simulating Spitzer 3-24 
micron colour-colour 
Diagrams Including Redshift 
Evolution (WE-P15-2)

16h45

WE-P16 (CAP/ACP) 
New and Old Council 
Meeting / Réunion du 
Conseil (nouveau et 
ancien)

Session Ends / Fin de la 
session

I.H. Stairs (c)
UBC

Geodetic Precession and the 
System Geometry of PSR 
B1534+12 (WE-P15-3)

17h00

WE-P17 (CASCA)
Closing and Awards 
Given for Best Student 
Presentations / Clôture 
et remise des prix aux 
meilleures présentations 
d'étudiants

17h15

Session Ends / Fin de la 
session 17h30

Jeudi, le 17 juin

TOURS FOR THE OBSERVATORY AND PLANETARIUM (CASCA)

U. of Manitoba Physics Alumni Reunion Events (to celebrate the 100th anniversary of the department) 

Meeting of the CAP/NSERC Liaison Committee (09h00 - 12h00) - Strathcona Room, Delta Hotel

Prochain Congrès annuel de l'ACP 

18-21 juin 2005

à l'Université de la Colombie-Britannique, Vancouver, BC

-- le 60e anniversaire de l'ACP et l'annéee mondiale de la
physique --
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Oral Session Abstracts

2004 CONGRESS ORAL SESSION ABSTRACTS 
RÉSUMÉS DES SESSIONS ORALES - CONGRÈS 2004

The oral session abstracts presented here are organized by session codes (SU-A1 to WE-P6). Each presentation is cross-referenced in 
the Author Index (pg. 113). Les résumés des sessions orales ci-après sont par code (SU-A1 à WE-P6). L’index des auteurs (pg. 113) 
établit des renvois à cette liste de présentations.

Please see the Congress Program Summary for details on the times and locations of each of the sessions as well as all other (non-ses­
sion) meetings organized in conjunction with the 2004 Congress. Veuillez vous référer au résumé du programme du congrès pour les 
heures et endroits de chaque session ainsi que pour toutes les autres rencontres organisées en conjonction avec le congrès 2004.

[SU-A1]

(CAP-CASCA-
COMP/ACP-CASCA-
OCPM)

Enriching Our Teaching Through Integration 
Enrichissement de notre enseignement par l ’intégration

SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

08h00 - 12h30

[ Rooms/Salles : Victoria/Albert ] C h a ir :  J .R . P e rc y , U . o f  T o r o n to  a t  M is s is s a u g a

SU-A1-1 08h00

Astronomy, Biology. Chemistry, Geology and Physics Integrated in a Newly Developed Course “Science: World Views”, Vesna Milosevic-Zdjelar, U n iv e rs ity  o f  W in n ip e g  — 
Educational Research showed alarming discrepancy between the education of elementary teachers and requirements of science curricula in Canadian schools. At the University 
of Winnipeg, we launched as experimental, the course that integrates natural sciences. Our aim is to offer to future teachers a broad education about variety of scientific concepts 
that they will be required to teach in elementary schools. As a six credit hour science requirement towards Bachelor of Education degree, Early Years stream, students choose 
from a variety of specialized courses that are being offered by science departments. Choosing any one, (physics, chemistry, biology, geology, etc), students are provided with 
education related to only that particular science. Through a multidisciplinary and curriculum oriented course “Science: World Views”, education students can obtain a broad 
awareness and understanding of issues and concepts covered in elementary school curriculum. The course is also offered to students of other streams.

SU-A1-2 08h15

Integrating a Lab Experience with an Astro 101 Class*, Charles Kerton, Gary Cameron, David Oesper and Lee Anne Willson, Io w a  S ta te  U n iv e rs ity  — Acommon problem 
with the large first-year survey class in astronomy for non-science students (“Astro 101”) is how to provide students with some sort of lab experience where they can explore cer­
tain topics in more detail or perhaps even get a chance to see the night sky! To address this problem the ISU Department of Physics and Astronomy has developed a one-credit 
stand-alone lab course that is available to students taking our introductory astronomy course. Available resources limit the number of students to approximately 60 out of a typical 
enrollment of 350 in our first-year survey class; however, experience shows that we tend to attract the more motivated students. Students complete a series of “Indoor” and 
“Outdoor” labs over the semester. Indoor labs include a mix of relatively simple (senior high-school level) labs along with computer-based labs using commercially available plan­
etarium software. Outdoor labs involve both naked-eye projects (identifying stars, making angular measurements, tracking lunar phases) and telescope-based projects (viewing 
double-stars, tracking the Galilean satellites). This contribution will describe the practical working of the class in more detail and present examples of the various labs done by the 
students.

*This work is being supported by ISU.

SU-A1-3 08h30

The Big Questions: Integrating Science at the Undergraduate Level, WiMiamE.Harris, J.Waddington, A. Chen, and P. Higgs, M c M a s te r  U n iv e rs ity  — In September 2003, we 
introduced a new course called « The Big Questions » to the McMaster undergraduate curriculum which is deliberately designed to present the basic nature of science, and 
some of its current frontier questions, to the most diverse possible audience. It is open for credit to any student at 2nd year level or higher, from any faculty or program in the uni­
versity. Our material builds on four related topics: (1) The nature of space and time, (2) The origin of the universe, (3) The origin of the elements, and (4) The origin of life. Our 
team of instructors, all from the Department of Physics and Astronomy at McMaster, consists of an astronomer, an experimental nuclear physicist, a nuclear astrophysicist, and a 
biophysicist. We use the course material to present the origin of structure in the universe as an ongoing timeline, and to deal with the students’ hidden questions and concerns 
about the nature of science. We strongly reinforce the students’ natural urge to ask large-scale questions rather than details ; and we promote class discussion and free 
exchange of student ideas and opinions, to take advantage of their very diverse backgrounds. Regular lectures are held, but much of the impact of the course comes from fre­
quent meetings of small (20-25 person) tutorial groups into which the class is divided. All students carried out term projects and group presentations and were encouraged to pick 
topics and approaches which suited their particular backgrounds. We also required the students to post their thoughts and questions on a « topic of the week », and to keep a 
weekly journal. The students took everything on enthusiastically, and their responses proved to be surprisingly informative for us. This has been an exciting course to give, and 
seems to fill a basic curiosity-oriented need for students from all across campus. in a way that integrates key concepts about the nature of science with contemporary learning 
models. We will discuss what other lessons we learned from giving this course : what went well, what we intend to revise, and what challenges we face in this kind of audience. 
We would like to thank Paul Francis and Craig Savage from the Australian National University, whose own « Big Questions » course at ANU was our inspiration.

SU-A1-4 08h45

Crossing the Disciplines: Using Medical Imaging Software for Teaching Astronomy, Jennifer West and I.D. Cameron, U n iv e rs ity  o f  M a n ito b a  — Image processing and analysis 
are essential tools common to both astronomy and medical physics. We describe the use of the medical image processing package, ImageJ, distributed by the National Institutes 
for Health, for teaching astronomy. ImageJ is a particularly adaptable program, allowing the user to easily implement custom functionality through a very well supported “plugin” 
interface and a macro language, in addition to an impressive list of built-in visualization and analysis tools. The software is very well suited to use in astronomical applications. Its 
intuitive user-interface makes it particularly good for students first learning these concepts.

SU-A1-5 09h00

DANIEL W RICKEY, CancerCare Manitoba

M e d ic a l P h y s ic s  a t  th e  U n d e rg ra d u a te  a n d  H ig h  S c h o o l L e v e ls

Traditionally, only a relatively small number of students are interested in graduate-level medical physics training. This is partially due to the low profile of medical physics as a 
career path. In Manitoba we have taken a number of steps to increase awareness of medical physics at pre-graduate levels. A number of approaches are used. Presentationsn 
imaging, radiation therapy, and radiation protection have been given to high school teachers at in-services and conferences. Tours have been provided to high school students. 
We are also involved in a job-shadowing programme where each year, a single (lucky) high-school student sees most areas of medical physics over 15 3-hour visits. 
Consequently, steps have been taken to incorporate medical physics directly into the high-school physics curriculum. At the university under-graduate level, a course on medical 
physics is offered annually and is aimed at physics and engineering students. The aim of this talk is to share our experiences and to outline the advantages and disadvantages of 
these approaches. Specifically, we will highlight those that give the greatest return.

58 Physics in Canada May / June 2004



Résumés des sessions orales

S U -A 1 -6  0 9 h 3 0

C O R IN N E  A . M A N O G U E , O re g o n  S ta te  U n ivers ity

Revitalizing the Upper-Division Physics Curriculum
T h e  P a ra d ig m s  in P h ys ics  P ro g ra m  a t O re g o n  S ta te  U n iv ers ity  h a s  to tally  re fo rm ed  th e  e n tire  up p er-d iv is io n  c u rricu lum  fo r p hysics  an d  e n g in e e rin g  p hysics  m a jo rs . T h is  has  
invo lved  both a  re a rra n g e m e n t o f c o n te n t to  b e tte r  re flec t th e  w a y  p ro fe s s io n a l physic ists  th in k  a b o u t th e  fie ld  an d  a ls o  th e  u s e  o f a  n u m b e r o f  re fo rm  p e d a g o g ie s  w h ich  p lac e  
respons ib ility  fo r lea rn ing  m o re  firm ly  in th e  h a n d s  o f th e  s tu d en ts . A long  th e  w a y  w e  a re  lea rn ing  a b o u t w h a t it ta k e s  to  su ccess fu lly  d e s ig n  an d  im p le m e n t larg e  s ca le  m o d ific a ­
tio n s  in curric u lu m  an d  to  in stitu tio n a lize  an d  d is s e m in a te  th e m . T h e  p a rticu la r e m p h a s is  w ill be  on h o w  a re  re fo rm s  h a v e  in flu e n ce d  h o w  w e  te a c h  q u a n tu m  m e c h a n ic s . I  will 
s h a re  s o m e  o f  o u r joyfu l e x p e rie n c e s  an d  h a rd -le a rn e d  lessons.

1 0 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé

S U -A 1 -7  1 0 h 3 0

J A Y M IE  M A T T H E W S , U n ivers ity  o f  B ritish C o lu m b ia

Distance Learning from 820 km Straight Up:The Educational Potential of the MOST Space Telescope
T h e  M O S T  (M ic ro v aria b ility  &  O sc illa tio n s  o f S T a rs ) m iss ion  is th e  first a ll-C a n a d ia n  sc ien tific  s a te llite  in o v e r 3 0  y e a rs . It is a  sm all but p o w e rfu l op tica l te le s c o p e  a n d  p h o to m e te r  
in p o la r o rb it, c a p a b le  o f d e te c tin g  v a ria tio n s  in th e  b rig h tn e s se s  o f s ta rs  d ow n  to  a  fe w  parts  p e r m illion . It is s ea rch in g  fo r a c o u s tic  osc illa tion s  a n d  co n ve c tio n  in s ta rs , and  
re flec te d  light fro m  p lan e ts  o u ts id e  th e  S o la r  S y s te m . M O S T  o ffers  a  g re a t o p portun ity  to  in tro d u c e  a  w id e  ra n g e  o f p h y s ic a l, a s tro n o m ic a l, te c h n o lo g ic a l an d  e v e n  politica l c o n ­
c ep ts  in th e  c la s sro o m , all p a c k a g e d  in a  “H u m b le ” s u itc a s e -s iz e d  ob s erv a to ry . M O S T  s c ie n c e  is a  s p rin g b o ard  to  a re a s  a s  d iv e rs e  as: a co u s tic s  (e s p e c ia lly  th e  re frac tion  o f  
s o u n d  in s ta rs  an d  e ls e w h e re  in n a tu re ), p lan e ta ry  s c ie n c e , n u c le a r  re ac tio n s , th e rm a l p hysics  an d  c o n ve c tio n , a n d  th e  law s  o f  light, g ra v ity  a n d  d y n a m ic s . M O S T  te c h n o lo g y  
illu s tra tes  in a  to p ic a l a n d  a c c e s s ib le  w a y : d ig ita l e le c tro n ics  an d  d e te c to rs , m o m e n tu m  a n d  g y ro sc o p ic  m otions , s o la r  e n e rg y  c o n v e rs io n , an d  m a g n e tic  fie ld s . T h e  M O S T  lift-off 
a b o a rd  a  fo rm e r  S o v ie t IC B M  c an  laun ch  d isc u s s io n s  a b o u t C o ld  W a r  politics an d  th e  s p a c e  ra c e , a nd  th e  a d v a n ta g e s  a n d  c h a lle n g e s  o f in te rn a tio n a l sc ien tific  c o o p era tio n . A nd  
M O S T  itself m a y  b e c o m e  th e  u ltim ate  v irtua l fie ld  trip  fo r yo u  s tu d e n ts , s in c e  th e  M O S T  T e a m  h o p e s  to  o ffe r C a n a d ia n  a s tro n o m y  e n th u s ia s ts  an d  s tu d e n ts  th e  c h a n c e  to  subm it 
th e ir  ow n  p ro p o s a ls  fo r sc ien tific  p ro jec ts  using  th is  un iq u e  in stru m en t.

S U -A 1 -8  1 1 h 0 0

A R T H U R  O . S T IN N E R , U n iv ers ity  o f M a n ito b a

Using the History of Science to Present the Evolution of Major Concepts in Physics*
W e  w ill p re se n t th e  ra tio n a le  a n d  g ive  a  d e scrip tion  o f  tw o  history s c ie n c e  c o u rse s  th a t w e  h a v e  d e v e lo p e d  a t th e  U n ivers ity  o f M a n ito b a . T h e s e  a re  o ffere d  to  p hysics  a s  w ell as  
s c ie n c e  e d u ca tio n  s tu d en ts . T h e  first c o u rse  d is c u s s e s  th e  m a jo r id e a s  a n d  d isc o v erie s  in s c ie n c e  fro m  th e  E arly  G re e k s  to  th e  b eg inn ing  o f th e  19 th century. T h e  s ec o n d  co u rse  
u s es  a  th e m a tic  a p p ro a c h  th a t tra c e s  th e  evo lu tio n  o f th e  pe rio d ic  ta b le  fro m  th e  e arly  id e a s  o f D a lto n  in th e  first d e c a d e  o f th e  1 9 th cen tu ry , to  th e  d isc o v ery  o f th e  neu tro n  in 
1 9 3 2 . T h re e  p h a s e s  o f th is  d e v e lo p m e n t a re , first, fro m  D a lto n ’s a to m ic  th e o ry  to  M e n d e le e v  p eriod ic  ta b le , th e  s ec o n d  fro m  R u th e rfo rd ’s  d isc o v ery  o f th e  n u c leu s  a nd  M o s e le y ’s 
e x p e rim e n ts  to  B o h r ’s  pe rio d ic  ta b le  o f 1 9 2 2 , an d  th e  th ird  p h a s e  inc lu d e s  th e  id e a s  an d  d isc o v erie s  o f  q u a n tu m  m e c h a n ic s  a n d  th e  d isc o v ery  o f th e  n e u tro n . W e  w ill d iscuss  th e  
s ec o n d  c o u rs e  in d e ta il. O u r o b je c tiv e  fo r th e s e  c o u rs e s  is tw o fo ld : to  p re se n t th e  m a jo r  id e a s  o f p hysics  in a  h istorica l a n d  c o n te x tu a l w a y  an d  to  a ttra c t s c ie n c e  s tu d e n ts  to  
c o n s id e r s c ie n c e  te a c h in g  th ro u g h  a  tw o  y e a r  post B .S c  p ro g ra m  in e d u ca tio n .

*In collaboration with P Loly, University of Manitoba

1 1 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[SU-A2]

(COMP/OCPM)

COMP Business Meeting / Réunion d’affaires de l’OCPM SUNDAY JUNE 13 
DIMANCHE, 13 JUIN

08h00 - 12h30

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  C. A rs e n a u lt ,  D r. G e o rg e s  L . D u m o n t  H o s p ita l

[SU-CHAIRS]

(COMP/OCPM)

CAP - Physics Department Heads/Chairs Workshop /
ACP - Réunion des directeurs de départements de physique

SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

08h30 - 12h30

[ R o o m /S a l le  : P a r a g o n  R e s ta u r a n t ,  th e n  C o lb o u r n e  R m , D e lta  H o te l  ] C h a ir :  G  W illia m s , U .M a n ito b a

[SU-A3] IPP Board of Trustees Meeting / Réunion du conseil d’administration 
de l ’IPP

SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

09h00 - 12h00

[ R o o m /S a l le  : C a m p a ig n  A  ] C h a ir :  C. P ic c io t to ,  U .V ic to r ia

[SU-A4]

(DCMMP/DPMCM)

Single-Molecule Polymer Physics: Fundamental Questions / 
Physique des polymères monomoléculaires: questions fondamen­
tales

SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

09h30 - 12h30

[ R o o m s /S a l le s  : B a llr o o m s  B /C  ] C h a ir :  J .L . B e c h h o e fe r ,  S im o n  F ra s e r  U.

S U -A 4 -1  0 9 h 3 0

E D IT  M . S E V IC K ,  A u s tra lia n  N a tio n a l U n ivers ity

The Fluctuation Theorem as a Generalised Second-Law for Nanomachines and Single Biopolymer Manipulations: Optical Tweezers Experiments and Beyond*
T h e  p u z z le  o f h o w  tim e -re v e rs ib le  m icro sco p ic  e q u a tio n s  o f m e c h a n ic s  lea d  to  th e  tim e -irre v e rs ib le  m a cro s co p ic  e q u a tio n s  o f  th e rm o d y n a m ic s  h a s  b e en  a  p a ra d o x  s in c e  th e  d a ys  
o f B o ltzm a n n . B o ltzm a n n  s im p ly  s id e -s te p p e d  th is  e n ig m a  by s ta ting  “a s  soon  a s  o n e  looks  a t b o d ie s  o f  such  s m all d im en s io n  th a t th e y  con ta in  on ly  v ery  fe w  m o lec u les , th e  v a lid ­
ity o f  th is  th e o re m  [the S e c o n d  L a w  o f T h e rm o d y n a m ic s  an d  its d e scrip tion  o f irrevers ib ility] m u s t c e a s e .” T o d a y  w e  c an  s ta te  th a t th e  T ra n s ie n t F lu c tu a tio n  T h e o re m  (T F T ) o f 
E v a n s  &  S e a r le s  is a  g e n e ra lis e d , S e c o n d -L a w  like  th e o re m  th a t b rid g e s  th e  m icroscop ic  a n d  m a cro s co p ic  d o m a in s  a nd  links th e  tim e -re v e rs ib le  a n d  irrev ers ib le  d e sc rip tio n s . In 
th is  ta lk  w e  a p p ly  th is  th e o re m  a  c o llo ida l partic le  in an  op tica l tra p , an d  d e m o n s tra te  th a t th is  s y s te m  can  e v o lv e  revers ib ly  an d  “v io la te ” th e  S e c o n d  L a w  o v e r  e x p e rim e n ta lly  re a l­
isa b le  tim e  a n d  leng th  s c a le s . M o re o v e r, w e  s h o w  h o w  th e  th e o re tic a l F lu c tu a tio n  T h e o re m  (F T ) fo rm a lis m  c an  be  rigorously  re -fra m e d  in s to c h as tic  d y n a m ic s . T h is  is im portan t 
a s  th e  d y n a m ic a l re s p o n s e s  o f p o ly m e r an d  b iophysica l s y s te m s  a re  o ften  w e ll-d e s c rib e d  by s to c h as tic  d y n a m ic s  an d  th is  s u g g es ts  n e w  a p p lic a tio n s  o f  th e  FT.

* In collaboration with J.C. R e id1, D.M. Carberry1, G.M. W ang1, D.J. Searles2 and D.J. Evans1, '’ Australian National University and 2 Griffith University.
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N A N C Y  F O R D E , U C  B e rke ley

Using Optical Tweezers to Study Single-Molecule Reactions in Real Time*
T h e  ability  to  e x e rt fo rc e  on s in g le  m o le c u le s  o ffers  an  e x p e rim e n ta l m e a n s  to  p ro b e  m e c h a n ic a l p ro c e s s e s  an d  to  s e e  be yo n d  e n s e m b le -a v e ra g e d  b e h a v io u rs . O p tic a l tw e e z e rs ,  
w h ich  u s e  a  fo c u s e d  la s e r  b e a m  to  m a n ip u la te  m icro n -s ize d  re frac tiv e  partic les  w ith  n a n o m e te r  p rec is io n , a llo w  us to  e x e rt an d  d e te c t fo rc e s  on th e  p ico N ew to n  s c a le . B y a tta c h ­
ing m o le c u le s  o f  in te res t to  th e s e  partic les , w e  c an  d e te rm in e  m o le c u la r  re s p o n s e  to  a p p lie d  m e c h a n ic a l fo rc e . In  th is  ta lk , I  w ill d isc u s s  o u r re ce n t e x p e rim e n ts  th a t ta k e  a d v a n ­
ta g e  o f p rev ious ly  c h a ra c te r iz e d  e la s tic  p ro p e rties  o f D N A  in o rd e r to  fo llo w  th e  m o v e m e n t o f R N A  p o ly m e ra s e  a lo n g  D N A  in re a l tim e . R N A  p o ly m e ra s e  is a  m o le c u la r  m o to r tha t 
c a ta ly z e s  s yn th es is  o f an  R N A  p o ly m e r c h a in , co n vertin g  c h e m ic a l e n e rg y  into m e c h a n ic a l fo rc e  c au s in g  d irec te d  m o v e m e n t a lo n g  th e  D N A te m p la te .  B y s tudyin g  th is  tra n s c rip ­
tion  re ac tio n  by s in g le  m o le c u le s  o f R N A  p o ly m e ra s e , an d  a p p ly in g  a  m e c h a n ic a l fo rc e  to  a ss is t o r o p p o s e  tra n s lo c a tio n  a lo n g  D N A , w e  h a v e  b e e n  a b le  to  fo llow , a n d  in s o m e  
c a s e s  a lte r, th e  re ac tio n  k inetics  in re a l tim e .

In collaboration with C. Bustamante 1>2>3, D. Izhaky1, 1 Howard Hughes Medical Institute, 2 Department of Molecular and Cell Biology, and 3 Department of Physics, University of California, Berkeley.

S U -A 4 -3  1 1 h 0 0

B A E -Y E U N  H A , U n ivers ity  o f W a te r lo o

Statics and Dynamics of Biopolymers: Theory and Biological Relevance
In  th is  ta lk , I  w ill d isc u s s  c o n fo rm a tio n a l a nd  d y n a m ic a l p ro p e rtie s  o f b io m o le c u le s  w ith  an  e m p h a s is  on th e ir  b io log ica l im p lica tions. I  w ill first p re se n t s im p le  th e o re tic a l m o d e ls  
fo r  desc rib in g  loop fo rm a tio n  o f D N A , both d o u b le -s tra n d e d  (ds ) an d  s in g le -s tra n d e d  (ss ) D N A . In th e  c a s e  o f d s D N A  (o r o th e r s e m ifle x ib le  p o ly m e rs ), la rg e  loops  a re  en tro p ica lly  
d is fa v o re d , w h ile  s m a ll-lo o p  fo rm a tio n  costs  b e n d in g  e n erg y . T h is  resu lts  in an  op tim a l loop s ize  a t w h ich  th e  c los ing  tim e  is s h o rte s t. In  c o n tra s t, th e  looping k inetics  o f short 
s s D N A  is m a in ly  c on tro lled  by s ta c k in g -b re a k a g e  p robab ility  a n d  s h o w s  lo o p -c o m p o s itio n  sensitivity . F ina lly , I w ill d isc u s s  p o ly e le c tro ly te  a s p e c ts  o f D N A , e sp e c ia lly  th e  e le c tro ­
s ta tic  m e c h a n is m  beh ind  D N A  p a ck a g in g  by p o ly va len t co u n terio n s.

S U -A 4 -4  1 1 h 4 5

H A N S  J U E R G E N  K R E U Z E R , D a lh o u s ie  U n ivers ity

Stretching and Confinement of Single Polymer Molecules and the Growth of a Polymer Brush: a First Principles Theory
A  first p rin c ip les  th e o ry  b a se d  on  (i) ab initio (d ens ity  fu n c tio n a l th e o ry ) c a lc u la tio n s  o f th e  po te n tia l e n e rg y  s u rfa c e s  o f th e  p o ly m e r c o n fo rm e rs , a nd  (2 ) th e  p ro p e r s ta tistica l 
m e c h a n ic s  (inc lud ing  th e  in tricac ies  o f  th e  A F M ),  a llo w s  th e  p a ra m e te r -fre e  calc u la tio n  o f  th e  th e rm o d y n a m ic  p ro p e rties  o f s in g le  p o ly m e r s tran d s  a nd  p o ly m e r b ru s h es . F o r th e  
sta tis tica l m e c h a n ic s  w e  s u c c e e d e d  to  fo rm u la te  an d  s o lve  a  G r e e n ’s  func tion  a p p ro a c h  (tra n s fe r  m atrix  m e th o d ) in th e  p re s e n c e  o f an  e x te rn a l fo rc e  fie ld . A p p lie d  to  p o ly e th y l­
e n e  g lyco l) m o le c u le s  w e  a c h ie v e  q u a n tita tiv e  a g re e m e n t w ith  e x p e rim e n ta l d a ta , both in h e x a d e c a n e  a nd  in w ate r. R e s u lts  fo r  th e  c o n fin e m e n t o f s in g le  p o ly m e r m o le c u le s  in 
p o re s  a n d  fo r th e  c o n stra in e d  ad so rp tio n  o f a  p o ly e le c tro ly te  on a  s e lf-a s s e m b le d  m o n o la y e r w ill be  p re s e n te d . A  th e o ry  o f th e  grow th  o f a  p o ly m e r brush  fro m  so lu tion  w ill be  
d e v e lo p e d .

1 2 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io ·

[SU-P1] Brockhouse Medal Winner 
Récipiendaire de la m édaille Brockhouse

SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

13h30 - 14h15

[ R o o m s /S a l le s  : B a llr o o m s  B /C  ] C h a ir :  J . B e c h h o e fe r ,  S im o n  F ra s e r  U.

S U -P 1 -1  1 3 h 3 0

M IC H A E L  T H E W A L T , S im o n  F ra s e r  U n ivers ity

Redefining the Limits of Semiconductor Spectroscopy
I w ill d e s c rib e  re ce n t a d v a n c e s  in th e  u ltrah igh  reso lu tion  s p ec tro s co p y  o f iso top ica lly  e n ric h e d  28 S i, includ ing  resu lts  fo r th e  n e a r -g a p  bound  exc iton  tra n s itio n s  a n d  th e  m id ­
in fra red  d o n o r an d  a c c e p to r  ab so rp tio n  tra n s itio n s . W h ile  it h a s  long b e e n  know n  th a t th e  a v e ra g e  isotop ic  m a s s  o f a  s em ic o n d u c to r  c an  h a v e  a  s m all e ffe c t on th e  lo w -te m p e ra ­
tu re  band  g a p  e n erg y , it is on ly  th e  re ce n t resu lts  fo r S i w h ich  re v e a l th e  e ffe c ts  o f th e  iso top ic  ra n d o m n e s s  p re s e n t in s a m p le s  hav in g  th e  n a tu ra l iso top ic  c o m p o s itio n . T h e  c o m ­
m on  a ss u m p tio n  th a t m a n y  o f th e s e  s p e c tro s c o p ie s  had  re a c h e d  th e ir  u ltim ate  lim its  in h igh qua lity  n a tu ra l S i s a m p le s  is sh o w n  to  be  q u ite  inco rrect -  th e s e  o ld e r  resu lts  w e re  all 
lim ited  by in h o m o g e n e o u s  iso tope  b ro a d e n in g . T h e  e lim in a tio n  o f  th is  in h o m o g e n e o u s  b ro a d en in g  in 28 S i re v e a ls  m a n y  n e w  fe a tu re s , a n d  n e w  physics, a n d  a llo w s  fo r th e  d e te r ­
m inatio n  o f  prev ious ly  in a c c e s s ib le  q u a n titie s , such  a s  th e  te m p e ra tu re  d e p e n d e n c e  o f th e  S i b a n d  g a p  b e lo w  4 .2  K.

1 4 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[SU-P2]

(COMP-OCPM)

Brachytherapy and Thermal Therapy 
Curiethérapie et thérapie therm ique

SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

13h30 - 15h00

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  J . B e w s , C a n c e rC a re  M a n ito b a

S U -P 2 -1  1 3 h 3 0

S p a c e  D is tribu tion  A n a ly s is  o f th e  A tten u atio n  in L e a d  an d  S te e l o f  th e  S c a tte re d  R a d ia tio n  in a  M a z e  o f a  H igh  D o s e  R a te  (irid ium  1 9 2 ) B ra c h y th e ra p y  S u ite ., N o ë l B la is , M a ry s e  
M o n d a t, P a tric e  M u n g e r  a n d  W ie s la w  W ie rz b ic k i, Hôpital Maisonneuve-Rosemont —  W h e n  a  n e w  high d o s e  ra te  (irid ium  1 9 2 ) b ra c h y th e ra p y  s u ite  is built w ith  a  m a z e , th e  
k n o w le d g e  o f th e  h a lf v a lu e  la y e r  (H V L ) a n d  th e  te n th  v a lu e  la y e r  (T V L ) fo r th e  s c a tte re d  rad ia tion  is n e c e s s a ry  fo r  e v a lu a tin g  th e  d o o r c o m p o s itio n . T h e  re c o m m e n d e d  H V L  an d  
T V L  v a lu e s  fo r th e  p rim ary  rad ia tio n  a re  e as ily  foun d  in th e  litera tu re . H o w e v e r, th e  co rres p o n d in g  v a lu e s  o f H V L  an d  T V L  fo r th e  s ca tte re d  rad ia tion  a re  p ractica lly  n o n -ex is te n t.
In  th is  study, m e a s u re m e n t o f th e  a tte n u a tio n  o f th e  p rim ary  a n d  th e  s c a tte re d  rad ia tio n  w a s  d o n e  fo r s te e l a n d  lea d . T h e  m e a s u re d  a tte n u a tio n  w a s  c o m p a re d  to  th e  c a lc u la te d  
o n e  using a  s im p le  th e o re tic a l m o d e l. T h e  s c a tte re d  rad ia tio n  is c a lc u la te d  using th e  C o m p to n  p robability  o f  a  photon  to  be  s c a tte re d  by th e  c o n c re te  w a ll, re ac h in g  th e  d e tecto r. 
R e s u lts  s h o w  th a t, fo r th e  p rim ary  ra d ia tio n , th e  m a x im u m  d iffe re n c e  b e tw e e n  th e  c a lc u la te d  a n d  th e  m e a s u re d  v a lu e s  is 1.1 m m  fo r  th e  s ec o n d  T V L  in lea d . F o r th e  s ca tte re d  
ra d ia tio n , th e  m a x im u m  d iffe re n c e  b e tw e e n  c a lc u la te d  an d  m e a s u re d  v a lu e s  is 4 .2  m m  fo r  th e  s ec o n d  T V L  in s te e l. A ls o , a  s p a c e  d istribution  a n a ly s is  o f th e  hot an d  co ld  reg ion s  
in th e  m a z e  is p re se n te d  a n d  s h o w s  th e ir  d e p e n d e n c e  on  th e  s o u rc e  position in th e  tre a tm e n t ro o m . T h e  hot reg ion  is d e fin ed  by th e  s ca tte re d  rad ia tion  th a t h a s  a  h ig h e r T V L  
th a n  th e  o n e  in th e  cold  reg ion .

S U -P 2 -2  1 3 h 4 5

Y ttr iu m -9 0  M ic ro s p h e re s  fo r th e  T re a tm e n t o f  H e p a to c e llu la r  C a rc in o m a *, M u th a n a  A l-G h a z i  a nd  D . Im a g a w a , University of California, Irvine —  T re a tm e n t m o d a lit ie s  fo r  u n re ­
s e c ta b le  h e p a to c e llu la r  c a rc in o m a  (H C C ) h a v e  b e en  lim ited  in th e ir  ab ility  to  e ffe ctive ly  ta rg e t la rg e  o r  m u ltifoca l les ions . T h e ra S p h e re  ®  tre a tm e n t in vo lv e s  a rte ria l ad m in is tra tio n
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o f Y ttr iu m -9 0  m ic ro s p h e re s  d e s ig n e d  to  e m b o liz e  c a p illa rie s  w ith in  th e  H C C  a n d  p rov id e  loca l rad ia tio n  th e ra p y . Y -9 0  m ic ro s p h e re s  a re  c o m p o s e d  o f a  b io c o m p atib le  g las s  m atrix  
w ith  a p p ro x im a te  d ia m e te rs  o f  2 5  μ m . Y -9 0  is a  p ure  β-e m itte r  w ith  a n  a v e ra g e  β— e n e rg y  o f  0 .9 4  M e V . P rio r to  tre a tm e n t, a  99m T c -M A A  sca n  is p e rfo rm ed  to  d e te rm in e  tu m o r to  
n o rm a l live r tis su e  p erfus ion  an d  d e te c t v a s c u la r  s hun ting . P a t ie n ts  hav in g  a  lung s h u n t o f m o re  th a n  2 0 %  a re  a t h igh risk  fo r rad ia tion  p n e u m o n itis  an d  a re  e x c lu d e d . L iv e r  v o l­
u m e s  a re  d e te rm in e d  by C T  o r  M R I im ag in g . In tra -a rte r ia l ad m in is tra tio n  o f  Y -9 0  m ic ro s p h e re s  is p e rfo rm ed  u n d e r s ta n d ard  in te rve n tio n a l rad io logy  su ite  con d itio n s . A c lo s e d  loop  
a p p a ra tu s  is u sed  to  d e liv e r  th e  m ic ro s p h e re s  to  th e  tu m o r s ite  v ia  an  in tra -a rte ria l ca th e te r. A n  in -h o u s e  q u a lity  a s s u ra n c e  protoco l is e s tab lish e d  to  d e liv e r  a  p rescrip tion  d o s e  in 
th e  ra n g e  o f  1 0 0  G y -1 5 0  G y. A  b re m ss tra h lu n g  sca n  is p e rfo rm ed  p o s t-p ro c e d u re  to  a s c e rta in  d e liv e ry  o f th e  m ic ro s p h e re s  to  th e  in te n d e d  tre a tm e n t a re a . To d a te  a  to ta l o f 11 
p a tien ts  h a v e  b e en  tre a te d  u n d e r a  c lin ical s tudy a p p ro v e d  by th e  Institu tiona l R e v ie w  B o a rd . N in e  o f  th e s e  had  fa ile d  prio r th e ra p y . T h e  T h e ra s p h e re  ®  p ro c e d u re  is d e liv e re d  fo r  
pa llia tion . A ll o f th e  p a tien ts  in th is  s tudy  re c e iv e d  th e ir  tre a tm e n t on a n  o u tp a tie n t b a s is  w ith  no s e rio u s  s id e  e ffe c ts . P re lim in ary  resu lts  h a v e  b e e n  e n c o u ra g in g  v is -à -v is  s y m p ­
to m  contro l, q u a lity  o f life a n d  in c re a s e d  surv iva l.

* On behalf of the Therasphere Group 

S U -P 2 -3  1 4 h 0 0

C s -1 3 7  D o s im e try  U s in g  G A F c h ro m ic ®  F ilm . M a r t in  G  S h im , L isa  G a m b le , Tom  J. F a rre ll, an d  J o se p h  E . H a y w a rd , Juravinski Cancer Centre —  L o w  d o s e  ra te  (L D R )  
b ra c h y th e ra p y  via re m o te  a fte rlo ad in g  o f 137 C s  s e e d s  is a  s ta n d ard  th e ra p y  fo r  g y n ec o lo g ica l c an c e rs . In m ost tre a tm e n t p lan n in g  s y s te m s  a  s im p le  point s o u rce  m o d e l is u sed  to  
c a lc u la te  th e  d o s e  d istribution  fo r s e e d  c o m b in a tio n s . N e g lec tin g  th e  a tte n u a tio n  fro m  th e  app lic a to r, s topp ing  s c re w  an d  a d ja c e n t s e e d s /s p a c e rs  h a s  th e  e ffe c t o f o v ere s tim a tin g  
d o s e . A tten u atio n  d a ta  is o b ta in e d  fro m  th e  litera tu re  o r em p iric a lly  if m o re  a c c u ra te  d o s im e tric  c a lc u la tio n s  a re  re q u ire d , but th e s e  a re  on ly  s u itab le  fo r s im p le  g e o m e tr ie s . T h e  
m ost re le v a n t d a ta  a v a ila b le  fo r  m o re  c o m p le x  g e o m e tr ie s  a re  b a s e d  on m e a s u re m e n ts  o f h igh d o s e  ra te  60 C o  s e e d s  w ith  a n  activ ity  2 0 -4 0  tim e s  g re a te r  th a n  th e  s e e d s  u sed  fo r  
L D R  b ra ch y th e rap y . S ec o n d ly , no n e a r-fie ld  d o s im e try  is a v a ila b le . In th is  w o rk  w e  h a v e  u sed  G A F c h ro m ic  film  to  m e a s u re  th e  d o s e  a ro u n d  S e le c tro n  a p p lic a to rs  lo ad ed  with  
137 C s  s e e d s . F ilm s  w e re  e x p o s e d  to  s in g le -s e e d  lo ad in g s  an d  th e  op tica l d e n s ity  m a p s  w e re  a n a ly z e d  in M a tla b . F ilm  d o s im e try  a t 1 c m  fro m  th e  s e e d  c e n tre , p e rp e n d ic u la r  to  
th e  a p p lic a to r  a x is , w a s  consis te n tly  1 5 %  lo w e r th a n  c a lc u la te d  v a lu e s . T h is  w a s  a ttr ib u te d  to  a  film -cu tting  a rtifa c t th a t in troduced  a  sp atia l shift o f  1 m m  in th e  h igh d o s e  g ra d i­
e n t reg ion . T h is  e rro r  w a s  c h a ra c te r iz e d  in d e ta il a n d  a c c u ra te  d o s e  d is trib u tions  w e re  m e a s u re d  fo r 137 C s . T h e s e  resu lts  c an  be  m o d e le d  in d o s im e try  s o ftw a re  an d  tre a tm e n t  
c an  be  p e rfo rm ed  w ith  th e  rev ised  m o d e l. In th is  ta lk , th e  a c c u ra c y  o f G A F c h ro m ic  film  d o s im e try  w ill be  d isc u s se d  in add ition  to  th e  c lin ical im p lica tions  o f th e  rev ised  d o s e  
m o d e l.

S U -P 2 -4  1 4 h 1 5

D y n a m ic a l P o s t-Im p la n t D o s e  C a lc u la tio n  fo r  P e rm a n e n t P ro s ta te  Im p lan ts: Taking  E d e m a  into C o n s id e ra tio n , G h y s la in  L e c le r c 12, D ra g a n  T u b ic 2,3, M a r ie -C la u d e  L a v a llé e  12, 
É ric  V ig n e a u lt2, R e n é  R o y 1 a n d  Lu c  B e a u lie u  12, 1 U n iv e rs ité  L a va l a n d  2 C H U Q  (H ô te l-d ie u ) —  P u rp o se : A n  a lg o rith m  is p ro p o s ed  w h ich  a llo w s  a  d y n a m ic  d o s e  e v a lu a tio n  th a t 
ta k e s  th e  v o lu m e  an d  s e e d  position v a ria tio n s , c a u s e d  by e d e m a , into a cc o u n t. M a te r ia ls  an d  M e th o d s : P o s t-im p la n t e d e m a  o f  5 7  c lin ical c a s e s  im p lan ted  (1251) b e tw e e n  2 0 0 0  
a n d  2 0 0 1  h a s  b e en  e v a lu a te d  using a  c o m b in a tio n  o f C T  im a g e s  a n d  flu o ro s co p ic  im a g e s  a c q u ire d  a  fe w  ho u rs  a fte r  th e  im p lan t a n d  4 0  d a y s  p o s t-im p la n t. A n  e x p o n e n tia l v o l­
u m e  resorp tion  s c e n a rio  w a s  im p le m e n te d  a n d  th e  p ro s ta te  c o n to u rs  an d  s e e d  positions  w e re  a llo w e d  to  d y n a m ic a lly  c h a n g e  fro m  t= 0  a nd  e x ten d in g  to  2 4 4  d a y s  (a b o u t 6  tim e s  
m o re  th a n  th e  e d e m a  h a lf-life ) in s te p s  o f  1 day. D V H s  w e re  g e n e ra te d  a t e a c h  s te p  a n d  c o n vo lu ted  w ith  a  w e ig h t e q u a l to  th e  fra ctio n  o f th e  to ta l d o s e  d e liv e re d  in th a t particu la r  
s te p . T h is  t im e -in te g ra te d  D V H  w a s  c o m p a re d  to  th e  s ta n d ard  c lin ical o n e . R e su lts : T h e  m e a n  initial in c re a s e  o f th e  v o lu m e  is 5 1 % . C o n s id e rin g  th e  e x p o n e n tia l d e c a y  m ode l 
fo r  e d e m a , th e  m e a n  h a lf-life  o f th e  v o lu m e  d e c re a s e  is 3 3 .6  d a ys , w h ich  is m uch h ig h e r th a n  th e  a c c e p te d  v a lu e . W ith  d y n a m ic  dos im etry , a  re p re s e n ta tiv e  tim e  (  tw)  fo r  an  
im p lan t c an  be  e v a lu a te d  an d  its a v e ra g e  is fo u n d  to  be  4 5  d a y s . T h e  d iffe re n c e s  w ith  th e  c lin ical dos im etry , fo r  D 90, is s m a ll on a v e ra g e  (3 % ) but d iffe re n c e s  up to  15  G y  (1 1 % )  
a re  fo u n d . T h e  o b s e rv a tio n s  a re  s im ila r fo r  V 1 0 0 ,  V 1 5 0  a nd  V 2 0 0 . C o n c lu s io n : T h e  d o s im e tric  e ffe c t o f p o s t-im p la n t e d e m a  is non neg lig ib le  a n d  th e  p ro p o s ed  a lg o rith m  c o rrec t­
ly ta k e s  it into a c c o u n t to  first o rder. F u rth e r  ex ten s io n  w ill be  d isc u s se d .

S U -P 2 -5  1 4 h 3 0

In te rstitia l O p tic a l-b a s e d  R e co n stru c tio n  o f  T h e rm a l C o a g u la tio n  D uring  M ic ro w a v e  T h e rm a l T h e ra p y *, L e e  C h in  1, W .M . W h e la n  2, S .R .H . D a v id s o n  1 a nd  I.A . V itk in  1,
1 Princess Margaret Hospital/  University Health Network an d  2 R y ers o n  U n iv ers ity  —  In te rstitia l m ic ro w a v e  th e rm a l th e ra p y  ( IM T T )  is a  m in im a lly  in va s iv e  te c h n iq u e  curren tly  
u n d e r inves tigation  fo r th e  tre a tm e n t o f  solid tu m o rs . T h in  m ic ro w a v e  a p p lic a to rs  a re  in se rte d  d irectly  into th e  ta rg e t s ite  to  d e liv e r  m ic ro w a v e  e n e rg y  a n d  ra is e  th e  te m p e ra tu re  o f 
th e  tu m o r to  > 5 5  °C , th e re b y  inducing  c o a g u la tiv e  n ecros is . P o in t te m p e ra tu re  m e a s u re m e n ts  c urren tly  p rov id e  a  p ractica l m e th o d  fo r  m on ito ring  IM T T . H o w e v e r  s uch  te m p e ra ­
tu re  m onitoring  m e th o d s  a re  ind irect, re ly ing  on th e rm a l d o s im e try  m o d e ls  to  p red ic t th e  e x te n t o f th e rm a l c o ag u la tio n . A n  a lte rn a tiv e  s tra tegy , m a d e  pos sib le  by th e  s ign ifican t 
c o ag u la tio n -in d u c e d  c h a n g e s  in op tica l s ca tte rin g , invo lves  illum inating  th e  tis su e  w ith  a  n o n -h e a tin g  op tica l s o u rc e  an d  m e a s u rin g  in terstitia l c h a n g e s  in light in tensity  using point 
op tica l s en s o rs . T h is  m a y  p ro v id e  a  d irec t m e a n s  fo r  d e te rm in in g  th e  e x te n t o f th e rm a l c o ag u la tio n . In th is  w o rk  w e  u tilize  in terstitia l light in tensity  d a ta  a cro s s  m u ltip le  pro jec tions  
(i.e. s o u rc e -d e te c to r  s c a n s ) in th e  t is su e , to  reco n stru c t 2 D  m a p s  o f th e rm a l c o ag u la tio n . A s  re c tilin ea r b a ck  pro jec tion  a p p ro a c h e s  a re  u n s u ita b le  d u e  to  th e  d iffu se  n a tu re  o f light 
in tis su e  o u r reconstruc tion  is b a se d  on w e ig h t m a tr ic e s  o b ta in e d  fro m  a  first o rd e r pertu rb a tio n  e x p a n s io n  o f th e  d iffusion e q u a tio n . S in g u la r  v a lu e  a n a ly s is  o f  w e ig h t m a trice s  fo r  
d iffe re n t s o u rc e -s e n s o r sp ac in g  an d  fie ld  o f v ie w  w a s  p e rfo rm ed  to  ob ta in  an  e x p e rim e n ta l con fig u ra tio n  th a t m a x im iz e d  im a g e  reso lu tion  an d  m in im ize d  s ca n n in g  tim e . T h e  op ti­
m iz e d  c o n fig u ra tio n s  w e re  co n firm ed  by p e rfo rm ing  reco n s tru c tio n s  using fo rw a rd  op tica l in tensity  d a ta  g e n e ra te d  using a  h e te ro g e n e o u s  fin ite -e le m e n t light d iffusion m ode l. 
Fina lly , using  th e  o p tim ize d  g e o m e try , e x p e rim e n ta l op tica l in tensity  d a ta  w a s  a c q u ire d  during  IM T T  o f  ex vivo b o v in e  live r an d  u sed  to  reco n stru c t m a p s  o f th e rm a l co ag u la tio n .

* This work is being supported by NCIC.

S U -P 2 -6  1 4 h 4 5

A  G e l P h a n to m  fo r M R  C a lib ra tio n  o f T h e rm a l T h e ra p ie s * , S h a n n a  L o c h h e a d , S h a n n a  L o c h h e a d , M a rk  M c D o n a ld , R a jiv  C h o p ra  an d  M ic h a e l J. B ronskill, Sunnybrook and 
Women’s College Health Sciences Centre —  T h e rm a l th e ra p y , th e  app lic a tio n  o f h e a t to  c o a g u la te  tis su e , is a  rap id ly  d e ve lo p in g  th e ra p e u tic  te c h n iq u e  fo r  soft tis su e  tu m o r tre a t­
m e n t. S o u rc e s  o f h e a t inc lude  ra d io fre q u e n c y  (R F ), laser, m ic ro w a v e  a n d  u ltrasoun d  d e v ic e s . T h e s e  tre a tm e n ts  te n d  to  b e  less  in va s iv e  th a n  c o n ve n tio n a l s u rg ica l re sectio n  and  
c an  s o m e tim e s  o ffe r an  a lte rn a tiv e  w h e n  s u rg ery  is not fe a s ib le . M a g n e tic  re s o n a n c e  (M R ) im ag in g  is u sefu l th ro u g h o u t th e rm a l th e ra p y  fo r tu m o r v is u a liza tio n  a n d  d e v ic e  g u id ­
a n c e , th e  n o n -in v a s iv e  m e a s u re m e n t o f te m p e ra tu re s  during  h e a t de livery , an d  to  d istingu ish  b e tw e e n  re g io n s  o f th e rm a l d a m a g e  an d  n orm al t is su e . A  p h a n to m  m a te r ia l w ith  tis ­
s u e -m im ic k in g  th e rm a l p ro p e rties  is e s s e n tia l fo r  th e  d e v e lo p m e n t a nd  c h a ra c te r iz a tio n  o f th e rm a l th e ra p y  d e v ic es , an d  fo r c lin ically  re la te d  activ ities  s uch  a s  quality  a s s u ra n c e , 
d e v ic e  co m p aris o n s , a n d  tre a tm e n t v erific a tio n . K e y  re q u ire m e n ts  fo r  s uch  a  m a teria l a re  (a ) h e a t ab so rp tio n  an d  conduction  p ro p e rties  s im ila r to  tissue ; (b ) s tab ility  o v e r th e  
ra n g e  o f te m p e ra tu re s  e x p e rie n c e d  in th e rm a l th e ra p y ; (c ) a c c u ra te  d e lin e a tio n  o f  th e  v o lu m e  th a t is th e rm a lly  c o a g u la te d ; a n d  (d ) c o ag u la tio n  te m p e ra tu re  s im ila r to  th a t o f tis su e . 
A  tis su e -m im ick in g  p h a n to m  m a teria l h a s  b e e n  d e v e lo p e d  fo r u s e  w ith  u ltrasoun d  th e rm a l th e ra p y  d e v ic e s  an d  te c h n iq u e s . T h is  m a teria l h a s  M R  p ro p e rties  th a t c h a n g e  d ra s tic a l­
ly upon  th e rm a l c o ag u la tio n . C o n s e q u e n tly , s im p le  f 2-w e ig h te d  im a g e s  c an  p rov id e  a  c o m p le te  th re e -d im e n s io n a l p ictu re  o f th e  c o a g u la te d  reg ion . T h e  a co u s tic a l p ro p e rties  o f 
th e  m a teria l m a tch  th o s e  o f tis su e  a n d  th e  c o ag u la tio n  te m p e ra tu re  o f th e  p h a n to m  c an  be  a d ju s te d  to  s im u la te  v a rio u s  tis su e s . T h is  m a teria l a ls o  h a s  po te n tia l fo r  u s e  w ith  o th e r  
th e rm a l th e ra p y  m o d a lit ie s  (la s e r  an d  R F ).

* This work is being supported by Terry Fox /  NCIC.

1 5 h 0 0 S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[SU-P3] Enriching Our Teaching Through Integration 
(CAP_CASCA_ Enrichissement de notre enseignement par l ’intégration(CAP-CASCA-
COMP/ACP-CASCA-
OCPM)

SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

14h15 - 16h15

[ R o o m s /S a l le s  : V ic to r ia /A lb e r t  ] C h a ir :  R . H a w k e s , M o u n t  A l l is o n  U.

S U -P 3 -1  1 4 h 1 5

B ring ing  th e  S ta rs  to  th e  S tu d e n ts , H e a th e r  R . S c o t t ,  Ridley College —  A s tro n o m y , un like  m ost o th e r b ra n c h e s  o f s c ie n c e , h a s  re la tive ly  fe w  lab s  th a t c an  be  p e rfo rm ed  in a  
c la s sro o m , o r e v e n  during  th e  day. T h e  b e au ty  o f a s tro n o m y, h o w e ve r, is in th e  tru e  d isc o v ery  a t a ll lev e ls  -  e le m e n ta ry  g ra d e s  to  un ivers ity  re s e a rc h  -  th a t c an  on ly  ta k e  p lac e

La Physique au Canada mai / juin 2004 61



Oral Session Abstracts

outd o o rs , s tudy in g  th e  s ta rs  u n d e r a  d a rk e n e d  sky. F o r m a n y  te a c h e rs , th is  ra is e s  th e  issu e  o f a s s e m b lin g  s tu d e n ts  a fte r  sch o o l hours , an d  in s o m e  c a s e s  tra n s p o rtin g  th e m  to  
s u b u rb a n  loca tions . T h is  is o ften  c o m p o u n d e d  w ith  th e  fa c t th a t fe w  te a c h e rs  a re  c o m fo rta b le  n a v ig a tin g  th e  s ta rs  an d  des ig n in g  a  lesson  a ro u n d  th e s e  o b s erv a tio n s . T h is  p re s ­
e n ta tio n  w ill “bring to  light” s e v e ra l e a s y  o b s erv in g  p ro jec ts  th a t te a c h e rs  can  use  includ ing  a lte rn a tiv e  p ro jec ts  fo r th o s e  w h o  c a n n o t g e t ou t a t n ight (o r w h o  a re  p la g u e d  by c loudy  
s k ie s !). C o n n e c tio n s  to  th e  n a tio n a l cu rric u lu m  w ill be  h ig h lig h te d , a s  w e ll a s  links to  o th e r a re a s  o f s c ie n c e . A n  e x te n s iv e  list o f a s tro n o m y  te a c h in g  re s o u rc e s  w ill be  a va ila b le .

S U -P 3 -2  1 4 h 3 0

C A R O L A .  C H R IS T IA N ,  S p a c e  T e le s c o p e  S c ie n c e  Institu te

Putting Research Science and Education Together: Lessons Learned from HST
In co rp o ratin g  c u rren t re s e a rc h  resu lts  into e d u c a tio n a l re s o u rc e s  th a t a d h e re  to  a p p ro p ria te  s ta n d a rd s  a n d  uphold  p e d a g o g y  can  e n h a n c e  lea rn in g , y e t s u c c e s s  a t c rafting  us ab le  
m a te ria ls  fo r p re -c o lle g e  e d u ca tio n  a n d  in fo rm a l s c ie n c e  re p re s e n ts  a  s ig n ifican t c h a lle n g e . W ith in  th e  H u b b le  S p a c e  T e le s c o p e  p ro jec t, w e  d e v e lo p e d  a  su cc e ss fu l m o d e l fo r  
re s e a rc h  sc ien tis ts  to  p a rtic ip a te  in e d u c a tio n a l c o n te n t c rea tio n  by c rea tin g  te a m s  w ith  te a c h e rs , g ra p h ic  a rtists , w rite rs  a n d  m u lti-m e d ia  W e b  d e v e lo p e rs . W e  c re a te d  m u lti-m e d ia  
re s o u rc e s  d e s ig n e d  to  im p ro ve  s c ie n c e  a n d  m a th e m a tic s  skills  in s tu d e n ts  a nd  im p ro ve  public  p e rce p tio n  o f s c ie n c e . A  s y s te m a tic  production  cyc le  includ ing  s p e c ifica tio n , pro ject 
defin ition , fre q u e n t re v ie w s  a nd  s e v e ra l te s tin g  p e rio d s  resu lted  in robust but f le x ib le  re s o u rc e s  fo r c u rricu lum  s u p p o rt m a teria ls , a  tra ve lin g  m u s e u m  exh ib it, p re ss  re le a s e s  an d  a  
w e b s ite  fo r th e  public.

1 5 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé  

S U -P 3 -3  1 5 h 3 0

J O H N  R . P E R C Y , U n ivers ity  o f Toronto  a t M is s is s a u g a

Variable Stars: Dynamic Tools for Hands-On Astronomy and Physics Education
V a r ia b le  s ta rs  a re  s ta rs  w h ich  c h a n g e  in b rig h tn e s s . T h e y  p rov id e  im p o rta n t in fo rm ation  a b o u t th e  n a tu re  a nd  evo lu tio n  o f th e  s ta rs . I w ill s h a re  m y e x p e rie n c e  in s uperv is ing  
re s e a rc h  p ro jec ts  on  v a r ia b le  s ta rs  by s e n io r  h igh schoo l a nd  u n d e rg ra d u a te  s tu d e n ts . T h e s e  p ro jec ts  in tro d u c e  s tu d e n ts  to  m ost o f th e  b as ic  a s p e c ts  o f th e  re s e a rc h  p ro c es s . In 
th e  c o u rse  o f th e ir  b a ck g ro u n d  re a d in g , th e y  e n c o u n te r  a  v arie ty  o f  fu n d a m e n ta l c o n ce p ts  in th e  physica l s c ie n c e s . T im e -s e r ie s  a n a ly s is  o f v a r ia b le  s ta r d a ta  th e n  in tro d u c e s  th e m  
to  fu rth e r c o n c e p ts  in m ath , s ta tis tics , an d  c o m p u ta tio n . S tu d e n ts  a re  m o tiv a ted  by do ing  re a l s c ie n c e , w ith  re a l d a ta ! A lm o s t e v e ry  p ro jec t resu lts  in a  pu b lish ed  re s e a rc h  p a p e r  
o r  c o n fe re n c e  p re se n ta tio n . H a n d s -O n  A s tro p h y s ic s  (h o a .a a v s o .o rg ) , w h ich  w a s  d e v e lo p e d  by J a n e t M a tte i a n d  m e , is a  re la te d  p ro jec t w h ich  w a s  ta rg e te d  a t h igh s choo l s tu ­
d e n ts . M y  s tu d e n ts  h a v e  c re a te d  a  s im p le  w e b  p a g e  (w w w .a s tro .u to ro n to .c a /~ p e rc y /in d e x .h tm l)  w ith  in fo rm ation  an d  links to  s o ftw a re  a n d  d a ta , to  su p p o rt ind iv idual s tu d e n t 
re s e a rc h  p ro jects . R e ce n tly , a s  a  resu lt o f m a s s iv e  sky s u rve ys , th o u s a n d s  o f n e w  v a r ia b le  s ta rs  h a v e  b e e n  d isc o v ere d  —  but not y e t a n a ly z e d . S in c e  m ost o f  th e  d a ta  is a v a il­
a b le  o n -lin e , th e re  is a  g o ld e n  o pportun ity  fo r s tu d e n ts  to  “so lv e ” th e s e  s tars .

S U -P 3 -4  1 6 h 0 0

R e a c h in g  O u t F ro m  th e  C e n tre  o f th e  U n iv e rs e : A  R e p o rt fro m  C a n a d a ’s A s tro n o m y  In te rp re ta tio n  C e n tr e , M a r g a r e t  L . M iln e ,  The Centre of the Universe —  T h e  C e n tre  o f th e  
U n iv e rs e  (C U )  is an  a s tro n o m y  in te rp reta tio n  c e n tre  lo ca te d  in V ic to ria , B C  a t th e  H e rz b e rg  Institu te  o f A s tro p h y s ic s  -  D o m in io n  A s tro p h y s ic a l O b se rv a to ry . O p e n  s in ce  th e  s u m ­
m e r  o f  2 0 0 1 , th e  C U  is th e  first a n d  on ly  o u tre a c h  c e n tre  o f th e  N a tio n a l R e s e a rc h  C o u n c il o f  C a n a d a . T h is  p re se n ta tio n  w ill briefly  d e s c rib e  th e  C U  fac ility  an d  its h istory, h igh ­
light th e  re g u la r  p ro g ra m s  an d  s p ec ia l e v e n ts  th e  C U  o ffers , an d  d isc u s s  th e  c h a lle n g e s  a n d  re w a rd s  o f  in te rp reting  C a n a d ia n  a s tro n o m y  to  th e  public.

1 6 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[SU-P4]

(DCMMP/DPMCM)

Single-Molecule Polymer Physics: Biophysical Applications 
Physique des polymères monomoléculaires: applications en bio­
physique

SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

14h15 - 17h30

[  R o o m s /S a l le s  :  B a llr o o m s  B /C  ] C h a ir :  J . B e c h h o e fe r ,  S im o n  F ra s e r  U.

S U -P 4 -1  1 4 h 1 5

J O H N  M A R K O , U n iv e r s i ty  o f  I l l in o is  a t  C h ic a g o

Micromanipulation Study of Chromatin Fibers and Whole Chromosomes
A lth o u g h  a  tre m e n d o u s  a m o u n t is know n  a b o u t th e  s truc tu re  o f D N A  a nd  th e  p ro te in s  w h ich  o rg a n iz e  it a t s c a le s  o f a  fe w  a n g stro m s, th e  s tru c tu re  o f c h ro m o s o m e s  a t la rg e r  
leng th  s c a le s  re m a in s  ra th e r poorly  u n d e rs to o d . I w ill d e s c rib e  h o w  p ico n ew to n  a nd  n a n o n e w to n -s c a le  fo rc e  m e a s u re m e n ts  c an  be  u sed  to  e x a m in e  tw o  p ro b le m s  o f c h ro m o ­
s o m e  s tru c tu re . F irst, I w ill d isc u s s  e x p e rim e n ts  e xa m in in g  th e  s e lf-a s s e m b ly  o f D N A  a n d  h is to n e  p ro te in s  into c h ro m atin  fiber, w ith  a  fo c u s  on th e  ro le  o f  A T P  hydro lys is  in c h ro ­
m atin  a ss em b ly . T h e n , I w ill d isc u s s  th e  use  o f  c o m b in ed  b io c h e m ic a l-m ic ro m e c h a n ic a l te c h n iq u e s  to  a n a ly z e  th e  la rg e -s c a le  s tru c tu re  o f th e  m ito tic  c h ro m o s o m e . I w ill e m p h a ­
s iz e  e x p e rim e n ts  w h ich  s h o w  th a t D N A  itse lf is th e  co n tig u o u s  s tru c tu ra l e le m e n ts  o f th e  fo ld e d  c h ro m o s o m e , ra th e r th a n  a  p ro te in  ‘s c a ffo ld ’ .

1 5 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé

S U -P 4 -2  1 5 h 3 0

G A R Y  W . S L A T E R , U n iv e rs ité  d ’O tta w a

Single-Molecule Polymer Physics: The Role of Molecular Dynamics Simulations*
M o le c u la r  D y n a m ic s  (M D ) c o m p u te r  s im u la tio n s  can  h e lp  us u n d e rs tan d  m ost s in g le -m o le c u le  p ro b le m s  c urren tly  u n d e r inves tigation  in e x p e rim e n ta l p o ly m e r p hysics . O n e  o f th e  
g re a t a d v a n ta g e s  o f M D  s im u la tio n s  is th a t th e y  inc lude  both h y d ro d yn am ics  an d  e x c lu d e d  v o lu m e  in te rac tio n s , tw o  e ffe c ts  th a t a re  not e as ily  d e a lt w ith  using th e o re tic a l m o d e ls , 
e s p e c ia lly  in n o n -eq u ilib riu m  a n d  n o n -s te a d y -s ta te  s itu a tio n s . In th is  p re se n ta tio n , I w ill d iscuss  th re e  d iffe re n t p ro b le m s  th a t w e  h a v e  s tu d ied  using th is  po w e rfu l c o m p u ta tio n a l 
tool: 1 ) th e  d e fo rm a tio n  o f a  p o ly m e r pu lled  a t c o n stan t v e lo c ity  in a  tu b e ; 2 ) th e  cyc lic  m otion  o f a  p o ly m e r c h a in  a tta c h e d  to  a  w all an d  s u b je c te d  to  a  s trong s h e a r  flow ; 3 ) th e  
collis ion  b e tw e e n  a  p o ly m e r an d  a  post in a  m icro flu id ic  s ys te m .

* In collaboration with M. Kenward, Y  Gratton and S. Hubert, Université d’Ottawa.

S U -P 4 -3  1 6 h 1 5

A N D R É  M A R Z IA L I,  U n iv ers ity  o f British C o lu m b ia

A Single-Molecule Nanosensor For Oligonucleotide Identification
W e  p re s e n t th e  construction  a n d  o p e ra tio n  o f  a  s e lf-a s s e m b lin g  n a n o s e n s o r fo r s e q u e n c e -s p e c if ic  d e te c tio n  o f n u c leo tid e s  a cro s s  a  m e m b ra n e . T h e  p ro b e  is co n stru c ted  o f tw o  
m ain  c o m p o n en ts : a  s in g le  a lp h a -h e m o ly s in  n a n o p o re  s e lf-a s s e m b le d  into a  lipid b ilayer, an d  a  D N A  p ro b e  te th e re d  to  a v id in  a t o n e  e n d  a nd  c o m p le m e n ta ry  to  th e  a n a ly te  
n u c leo tid e  a t th e  o th e r e n d . T h e  s e n s o r is a s s e m b le d  by e le c tro p h o re tic  insertion  o f th e  p ro b e  into th e  c is - s id e  o f th e  n a n o p o re  (o b s e rv a b le  a s  an  in c re a s e  in e le c trica l im p e d ­
a n c e ). H y b rid iz a tio n  o f th e  p ro b e  to  a n a ly te  on th e  tra n s - s id e  o f th e  p o re  tra p s  th e  p ro b e  in p lac e , an d  in c re a s e s  th e  tim e  c o n stan t fo r p ro b e  e xit on s u b s e q u e n t v o ltag e  reve rsa l.
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U s in g  th is  sen so r, w e  c an  u n c o v e r th e  e n e rg y  la n d s c a p e  o f b ind ing  in te rac tio n s  b e tw e e n  s in g le  D N A  m o le c u le s  on th e  tra n s  s id e  o f th e  m e m b ra n e  an d  th e  p ro b e  s tran d . T h is  
a llo w s  us to  d e te c t an d  iden tify  s in g le  b a s e  m u ta tio n s  in short o lig o n u c le o tid e  s tran d s  spec ifica lly  ta rg e te d  b a se d  on th e  s e n s o r p ro b e  s e q u e n c e . T h e  n a n o s e n s o r s h o w s  p rom ise  
fo r  a p p lic a tio n s  s uch  a s  s in g le  n u c leo tid e  p o ly m o rp h is m  d e te c tio n , a n d  po tentia lly , fo r in v ivo  d e te c tio n  o f spec ific  R N A  s e q u e n c e s .

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[SU-P5] IPP General Meeting / Assemblée générale (IPP) SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

14h30 - 17h30

[ R o o m /S a l le  : C a m p a ig n  A  ] C h a ir :  C. P ic c io t to ,  U .V ic to r ia

[SU-P6]

(COMP/OCPM)

Radiation Treatment Devices / Appareils de radiothérapie SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

15h30 - 17h00

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  P. D u n s c o m b e , T o m  B a k e r  C .C .

S U -P 6 -1  1 5 h 3 0

L ice n s in g . C o n s tru c tio n  a n d  R a d ia tio n  S a fe ty  o f  C a n a d a ’s F irst G a m m a  K n ife (R )*, H a r r y  J o h n s o n  a nd  A . B e rn d t, CancerCare Manitoba —  T h e  D e p a rtm e n t o f  N e u ro s u rg ery , 
W in n ip e g  R e g io n a l H e a lth  A u th o rity  a n d  U n ivers ity  o f M a n ito b a , insta lled  C a n a d a ’s  first Le ks e ll G a m m a  K n ife ®  in 2 0 0 3 . T h is  u n iq u e  s te re o ta c tic  ra d io s u rg e ry  tool u s es  
2 01  c o b a lt-6 0  c a p s u le s  (initial activ ity  2 4 4  T B q ) to  tre a t in a c c e s s ib le  c ran ia l les ions  in a  s in g le  s es s io n . S o u rc e  c o llim ato rs  a re  a lig n e d  to  a  c o m m o n  iso c e n tre . P a tie n ts  a re  po s i­
t io n e d  w ith in  a  c o llim ating  h e lm e t fix ed  to  th e  bed  s uch  th a t th e ir  c ran ia l ta rg e t c o in c id e s  w ith  iso c e n tre . F o llow ing  re m o te  o p e n in g  o f th e  s h ie ld ing  do o rs , bed , h e lm e t an d  pa tien t 
m o v e  into a lig n m e n t w ith  th e  s o u rce  co llim a to rs  to  d e liv e r  d o s e s  up to  1 4 0  G y. S T h e  d e s ig n , co n stru ctio n , rad ia tion  p ro tec tion  m e a s u re m e n ts  an d  rad ia tion  s a fe ty  e x p e rie n c e  will 
b e  re v ie w e d . T h e  d e d ic a te d  s in g le -s to ry  G K ®  su ite  con sis ts  o f  c o n c re te  w a lls  an d  c o n c re te  ce ilin g . S h ie ld in g  w a s  b a se d  on th e  v e n d o r ’s  rad ia tion  fie ld  d a ta . A s in g le  le a d -lin e d  
d o o r (1 c m ) pe rm its  p a tien t e n try  in line w ith  th e  s e lf-sh ie ld in g  o f th e  irrad ia to r unit an d  p e rp e n d ic u la r  to  th e  bed  d irec tio n . L icens ing  fo llo w ed  C N S C  C -1 2 0 .  C N S C  o ffice rs  a tte n d ­
e d  to  o b s e rv e  th e  s o u rce  lo ad in g . T h e  v e n d o r ’s  te a m  lo ad ed  th e  s o u rce s  using a  s p e c ia l load ing  cell m a ted  to  th e  s o u rce -s h ip p in g  fla sk . S o u rc e  c a p s u le s  w e re  re m o te ly  tra n s ­
fe rre d  to  co llim ation  c h a n n e ls  using a  d e ta ile d  load ing  p ro c e d u re  to  b a la n c e  th e  fie ld  a t iso c e n tre . R a d ia tio n  p ro tec tion  te s ts  y ie ld e d  rad ia tio n  fie ld s  w e ll w ith in  d e s ig n  ta rg e ts , and  
les s  th a n  a n tic ip a te d  a t th e  s h ie ld e d  d o o rs  d u e  to  ne w ly  im p ro ved  irrad ia to r in te rna l sh ie ld ing .

* The authors acknowledge J. Sandeman’s shielding and initial licence documentation.

S U -P 6 -2  1 5 h 4 5

G a m m a  K n ife ®  C o m m is s io n in g  R e p o rt, A n ita  B e r n d t  an d  J. B e ck , CancerCare Manitoba —  T h e  G a m m a  K n ife ®  (G K ) p ro v id es  a  m in im a lly  in va s iv e  tre a tm e n t a lte rn a tiv e  fo r  
p a tien ts  w ith  b ra in  tu m o rs , v a s c u la r  m a lfo rm atio n s  an d  s o m e  deb ilita ting  fu n c tio n a l cond itio n s . R a d ia tio n  is d e liv e re d  w ith  s u b -m illim e te r  a c c u ra c y  to  th e  a ffe c te d  reg ion , a llow ing  
d o s e s  rang in g  fro m  10  -  1 4 0  G y  to  be  s a fe ly  a d m in is te re d , e v e n  n e a r  critical s tru c tu res . T h is  p re se n ta tio n  s u m m a riz e s  th e  m e a s u re m e n ts  m a d e  during  com m is s io n in g  o f  th e  
first C a n a d ia n  G K . T h e  G K  is v ery  d iffe re n t fro m  c o n ve n tio n a l ra d io th e ra p y  e q u ip m e n t in th a t it con sis ts  o f 2 01  fixed  rad ia tio n  s o u rc e s  ra th e r  th a n  a  s in g le  s o u rc e  on a  m oving  
gantry . In ad d itio n , only fo u r fix ed  fie ld  s iz e s  ra n g in g  fro m  6  to  2 4  m m  in d ia m e te r  a re  a v a ila b le . D o s e  p rofiles  w e re  m e a s u re d  a t th e  c e n te r  o f an  8  c m  ra d iu s  p las tic  p h a n to m  
(d o s im etry  s p h e re ) using  E D R -2  film s. T h e  5 0 %  iso d o se  line  w a s  foun d  to  a g re e  w ith  th e  tre a tm e n t p lan n in g  s y s te m  c a lc u la tio n s  to  w ith in  0 .4  m m . T h e  a g re e m e n t b e tw e e n  th e  
m e c h a n ic a l an d  rad ia tio n  iso c e n tre  w a s  m e a s u re d  using a  p re c is e ly  m a c h in e d  te s t too l w h ich  p ricks  a  film  a t m e c h a n ic a l iso c e n tre ; th e  a g re e m e n t b e tw e e n  th e  c e n te r  o f th e  4  m m  
c o llim a to r h e lm e t p ro file  (ra d ia tio n  is o c e n tre ) a n d  th e  p inprick  w a s  fo u n d  to  be  w ith in  0 .11  m m . H e lm e t fa c to rs  w h ich  d e te rm in e  th e  re la tiv e  ou tp u t fo r d iffe re n t fie ld  s iz e s  w e re  
m e a s u re d  using ind ividually  c a lib ra ted  T L D s  p lac e d  a t th e  c e n te r  o f th e  d o s im e try  s p h e re , resu lting  in a g re e m e n t o f  b e tte r th a n  3 %  w ith  th e  h e lm e t fa c to rs  u sed  by th e  p lan n in g  
s y s te m . A b s o lu te  c a lib ratio n  w a s  p e rfo rm ed  by app ly in g  th e  T G 2 1  fo rm a lis m  to  ion izatio n  m e a s u re m e n ts  a t th e  c e n te r  o f th e  d o s im e try  s p h e re .

S U -P 6 -3  1 6 h 0 0

A n  A lg o rith m  fo r  In d e p e n d e n t V erific a tio n  o f G a m m a  K n ife ®  T re a tm e n t P la n s , J a m e s  B e c k  a n d  A n ita  B e rn d t, CancerCare Manitoba —  A  fo rm a lis m  fo r in d e p e n d e n t tre a tm e n t  
v erific a tio n  h a s  b e en  d e v e lo p e d  fo r G a m m a  K n ife ®  ra d io s u rg e ry  in a n a lo g y  to  th e  s ec o n d  c h e c k s  be in g  p e rfo rm ed  rou tine ly  in th e  fie ld  o f e x te rn a l b e a m  ra d io th era p y . A  v e r ific a ­
tion  a lg o rith m  is p re s e n te d , an d  e v a lu a te d  b a se d  on its a g re e m e n t w ith  tre a tm e n t p lan n in g  c a lc u la tio n s  fo r th e  first 4 0  C a n a d ia n  G a m m a  K n ife ®  pa tien ts . T h e  a lg o rith m  is u sed  to  
c a lc u la te  th e  irrad ia tion  tim e  fo r e a c h  sho t, an d  th e  v a lu e  o f th e  d o s e  a t th e  m a x im u m  d o s e  point in e a c h  calc u la tio n  m a trix . D a ta  en try  consis ts  o f  in fo rm ation  included  on  th e  
p lan  p rin tout, an d  c an  be  s tre a m lin e d  by using an  op tio n a l p lan  im port fe a tu re . C a lc u la te d  sho t t im e s  d iffe re d  fro m  th o s e  g e n e ra te d  by th e  tre a tm e n t p lan n in g  s o ftw a re  by an  
a v e ra g e  o f 0 .3 % , w ith  a  s ta n d ard  d e v ia tio n  o f 1 .4 % . T h e  a g re e m e n t o f d o s e  m a x im a  w a s  c o m p a ra b le  w ith  a n  a v e ra g e  o f - 0 . 2 %  an d  a  s ta n d ard  de v ia tio n  o f  1 .3 % . C o n s is ten tly  
a c c u ra te  c o m p aris o n s  w e re  o b s e rv e d  fo r cen tra lly  lo ca te d  les io n s  tre a te d  w ith  a  sm all n u m b e r o f  shots . L a rg e  d is c re p a n c ie s  w e re  a lm o s t a ll a s s o c ia te d  w ith  d o s e  p lan s  u tilizing a  
la rg e  n u m b e r o f c o llim a to r p lugs, fo r w h ich  th e  s im plify ing  a p p ro x im a tio n s  u sed  by th e  p ro g ra m  a re  know n  to  b re a k  d o w n .

S U -P 6 -4  1 6 h 1 5

In itia l E x p e rie n c e s  w ith  a  C o m m e rc ia l H e lic a l T o m o th era p y  U n it, M a r c  M a c K e n z ie ,  G .C . F ie ld  a n d  B .G . F a llo n e , Cross Cancer Institute, University of Alberta —  H e lic a l 
to m o th e ra p y  (H T ) is a  m oda lity  w h ich  re p re s e n ts  a  c o n v e rg e n c e  o f d iag n o stic  im ag in g  an d  rad ia tio n  th e ra p y , w ith  th e  po te n tia l fo r  e n a b lin g  a  highly in te g ra ted  a p p ro a c h  to  im ag e  
g u id e d  a d a p tiv e  ra d io th e ra p y  in th e  clin ic . T h is  d e v ic e  h a s  in te g ra ted  m e g a v o lta g e  C T  (M V C T )  c apab ility , a s  w e ll a s  be in g  in h e re n tly  a  p la tfo rm  fo r  d e liv e rin g  in ve rs e  p lan n ed  
In tensity  M o d u la te d  R a d ia tio n  T h e ra p y  ( IM R T ) .  O u r institution h a s  re ce n tly  ha d  o n e  o f  th e  tw o  o rig in a l H T  units (H i-A rt 1) u p g ra d e d  to  th e  la tes t c o m m e rc ia l vers io n  
(T o m o T h e ra p y  H i-A rt IE C  S y s te m ). T h e  im p lem e n ta tio n  o f th is  s y s te m  h a s  sp u rred  on a  n u m b e r o f re s e a rc h  p ro jec ts  locally, such  a s  M o n te  C a rlo  s im u la tio n s  fo r a b s o lu te  d o s e  
c alib ratio n  o f th e  unit, novel a p p ro a c h e s  to  s m all fie ld  d o s im e try  a s  w ell a s  a lte rn a te  M V C T  d e te c to rs . In th is  p re se n ta tio n , w e  shall d e s c rib e  c lin ical a s p e c ts  o f im p lem e n ta tio n , 
w h ich  h a v e  e m p lo y e d  s e v e ra l n e w  s o ftw a re  too ls ; s o m e  d e v e lo p e d  a nd  p ro v id ed  by th e  m a n u fa c tu re r  (T o m o T h e ra p y  In c .) , an d  s o m e  d e v e lo p e d  in h o u s e . A s  w e ll, th e re  a re  a  
n u m b e r o f c lin ical tria ls  w h ich  w ill beg in  shortly, a n d  th e s e  w ill a ls o  be  d e s c rib e d .

S U -P 6 -5  1 6 h 3 0

H e lic a l T o m o th e ra p y  F a n  B e a m s  a nd  C ra n io c a u d a l P e n u m b ra  Im p ro v e m e n t, A d a m  G la d w is h , T o m a s  K ron , A n d re a  M c N iv e n , G le n n  B a u m a n  a n d  J a k e  V a n D y k , London Health 
Sciences Centre — In he lica l to m o th e ra p y  (H T ), an  in tensity  m o d u la te d  fa n  b e a m  w ith  fixed  th ic k n e s s  d e liv e rs  rad ia tio n  d o s e  to  a  p a tien t in a  he lica l b e a m  tra jec to ry . T h e  m ost 
s ig n ifican t lim itation w ith  a  c o n stan t fa n  b e a m  th ic k n e s s  (F B T ) is th e  p e n u m b ra  w id th  in th e  c ra n io c a u d a l d irec tio n , w h ic h , d u e  to  a  ‘ra m p  up e ffe c t’ is e q u iv a le n t to  th e  FB T . W e  
p ro p o s e  to  e m p lo y  a  h a lf-b lo c ke d  fa n  b e a m  a t th e  s tart a n d  s top  loca tions  o f tre a tm e n t d e liv e ry  to  re d u c e  th e  p e n u m b ra  w id th  by ha lf. T h e  c h o ice  o f s tarting  w ith  a  ha lf-b lo c ke d  
b e a m  ra th e r th a n  a  c o m p le te ly  shu t c o llim a to r m a in ta in s  th e  s a m e  c o n stan t co u ch  m o v e m e n t a s  in s ta n d ard  H T  a n d  resu lts  in a  m in im u m  F B T  o f h a lf th e  n o rm a l tre a tm e n t FB T. 
W e  s tu d ied  th e  im pact o f  th is  te c h n iq u e  on d o s e  d is trib u tions  in p h a n to m s  an d  a  p a tien t using a  H T  b e a m  m ode l im p le m e n te d  on a  c o m m e rc ia l tre a tm e n t p lan n in g  s ys te m  
(T h e ra p la n  P lu s  v 3 .0 ) .  W e  s h o w  th a t th e  d o s e  d istribution  d e liv e re d  using a  2 5 m m  fa n  b e a m  c an  be  im p ro ved  s ign ificantly , resu lting  in a  d o s e  reduction  o f ~ 3 0 %  ju s t superio rly  
a n d  in ferio rly  o f th e  ta rg e t. In a  s a m p le  b ra in  c a n c e r  pa tien t, w e  d e m o n s tra te  th a t th is  a p p ro a c h  cou ld  re d u c e  th e  p robab ility  o f c a ta ra c t fo rm a tio n  d ra m atic a lly .

S U -P 6 -6  1 6 h 4 5

U s in g  Is o c e n tre  C o rre c tio n s  in T re a tm e n t P la n n in g  to  Im p ro v e  A c c u ra c y  in S te re o ta c tic  R a d io s u rg e ry , J a s o n  S c h e l la  a n d  J.l. R o b a r, Nova Scotia Cancer Centre —  O n e  o f  th e  
lim ita tions  in lin e a r  a c c e le ra to r  b a se d  S te re o ta c tic  R a d io s u rg e ry /R a d io th e ra p y  (S R S /S R T )  is th e  m e c h a n ic a l a c c u ra c y  o f th e  tre a tm e n t unit. G an try , c o u ch , a nd  c o llim a to r should  
ro ta te  a b o u t a  s in g le  point in s p a c e . In reality , h o w e ve r, th e  c e n tre s  o f ro ta tion  fo r  e a c h  o f  th e s e  m otions  d iffe r s lightly. T yp ica l to le ra n c e s  fo r th is  “w o b b le ” o f th e  iso c e n tre  a re  on  
th e  o rd e r o f ± 1 m m  fo r S R S /S R T . H o w e v e r, ± 1 m m  is still a  re la tive ly  larg e  v aria tio n  fo r s o m e  ta rg e ts  tre a te d  w ith  S R S . W h e n  tre a tin g  such  fu n c tio n a l d iso rd ers  a s  tr ig e m in a l n e u ­
ra lg ia  a  1 m m  shift in a  1 -5 m m  d ia m e te r  ta rg e t m a y  certa in ly  c o m p ro m is e  th e  tre a tm e n t. In o th e r  tre a tm e n ts , critical s tru c tu res  m a y  c lose ly  a b u t th e  ta rg e t. In such  c a s e s  a  shift 
o f 1 m m  to w a rd  th e  s truc tu re  cou ld  d e liv e r  u n w a n te d  d o s e  to  th is  s tru c tu re . W h e n  such fa c to rs  a re  d e e m e d  critical o n e  so lu tion  w o u ld  be  to  re -c e n tre  th e  p a tien t fo r  e v e ry  tre a t-
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m e n t port. T h is  c an  be  v e ry  tim e  c o n su m in g  an d  could s ign ifican tly  in c re a s e  th e  tim e  re q u ire d  to  tre a t a  pa tien t. A n o th e r option  w o u ld  be  to  a c c o u n t fo r th e s e  u n c erta in tie s  w h en  
d e ve lo p in g  th e  tre a tm e n t p lan . By m od e lin g  th e  m e c h a n ic a l iso c e n tre  loca tion  fo r gan try , co u ch , a n d  c o llim a to r ro ta tions  o n e  c an  th e n  m od ify  th e  tre a tm e n t p lan  by p lac ing  th e  
iso c e n tre  o f e a c h  b e a m  a t th e  “a c tu a l” position . T h e  s h ie ld ing  is th e n  m od ified  ap p ro p ria te ly . A n  ov era ll im p ro v e m e n t in th e  a c c u ra c y  o f d o s e  d e liv e ry  w a s  s h o w n . In o n e  c a s e , 
v o lu m e  re ce iv in g  5 0 %  d o s e  w a s  re d u ce d  fro m  5 6 %  to  2 2 % . T h e  v o lu m e  o f th e  ta rg e t rece iv ing  8 0 %  d o s e  w a s  in c re a s e d  fro m  9 5 %  to  9 8 .6 % .

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[SU-P7]

(C C M P /C C P M  )

C C P M  B u s i n e s s  M e e t i n g  /  Réunion d’affaires du CCPM SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

17h00 - 18h30

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir : B . C la rk , B C  C a n c e r  A g e n c y

[SU-KEY] C A P  H e r z b e r g  M e m o r i a l  P u b l i c  L e c t u r e  -  C o n f é r e n c e  p u b l i q u e  c o m -  

(C AP-CASCA- m é m o r a t i v e  H e r z b e r g  d e  l ’ A C P  /  C A S C A  P u b l i c  L e c t u r e  i n  A s t r o n o m y  

o c p p m c p - c a s c a -  -  C o n f é r e n c e  p u b l i q u e  p l é n i è r e  e n  a s t r o n o m i e  d e  C A S C A

SUNDAY, JUNE 13 
DIMANCHE, 13 JUIN

19h00 - 20h00

[ R o o m s /S a l le s  : B a llr o o m s  A /B /C  ] C h a ir :  B . J o o s ,  U. d ’O tta w a

S U -K E Y 1 9 h 0 0

P. J A M E S  E . P E E B L E S , P rin c e to n  U n ivers ity  

A Cosmic Picture Show: Images from Astronomy
S o m e  o f th e  a s tro n o m ic a l im a g e s  I w ill p re se n t a re  m e a n t to  illus tra te  w h a t w e  k n o w  a b o u t th e  la rg e -s c a le  n a tu re  o f th e  w orld  a ro u n d  us an d  h o w  w e  h a v e  g o n e  a b o u t d iscovering  
it; o th e rs  a re  c h o se n  ju s t b e c a u s e  th e y ’re  pretty . S o m e  o f th e  im a g e s  a re  c lo s e  to  w h a t yo u  c an  s e e  w ith  a  p a ir o f b inocu lars ; o th e rs  a re  n u m e ric a l re p re s e n ta tio n s  o f w h a t you  
w o u ld  's e e ’ if yo u  had  S u p e rm a n ’s  X -ra y  e y e s , o r e y e s  s e n s itive  to  rad io  w a v e s  o r neu trin o s . I ’ll s h o w  h istorica l e x a m p le s  o f th e  lea rn ing  p ro c es s  in a s tro n o m y, both good —  
H u b b le ’s  c lass ificatio n  o f  th e  g a la x ie s  —  a n d  not so  go o d  —  L o w e ll’s  id e a  th a t h e  w a s  s ee in g  c a n a ls  on M a rs  —  an d  illus tra tions  d ra w n  fro m  c u rren t d e b a te s  a b o u t w h a t is h a p ­
pe n in g  on s c a le s  rang in g  fro m  b lac k  ho le s  in th e  c e n te rs  o f  g a la x ie s  to  th e  e x p a n s io n  o f th e  u n iv ers e .

2 0 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-A1]

(CAP-/ ACP)

C A P ’ s  F r i e n d s  B r e a k f a s t  /  Déjeuner des “Ami(e) de l ’ACP” MONDAY, JUNE 14 
LUNDI, 14 JUIN

07h00 - 08h30

[ R o o m /S a l le  : P r iv a te  D in in g  R o o m  ] C h a ir :  M . S te in itz ,  S t. F ra n c is  X a v ie r  U.

[MO-A2]

(DPE-/DEP)

H i g h  S c h o o l  T e a c h e r  W o r k s h o p  /  Atelier pour les enseignant(e) de 
physique
(s e e  p a g e  1 8  fo r d e ta ils  /  v o ir  p a g e  18  p o u r le  p ro g ra m m e )

MONDAY, JUNE 14 
LUNDI, 14 JUIN

08h00 - 12h30

[ R o o m /S a l le  : C o lb o u r n e  ] C h a ir :  P. M itc h le r ,  M a n ito b a

[MO-A3]

(CAP-/ ACP)

C A P  T e a c h i n g  M e d a l  W i n n e r

Médaille de l ’ACP pour l ’excéllence en enseignement
MONDAY, JUNE 14 

LUNDI, 14 JUIN

08h30 - 09h15

[ R o o m s /S a l le s : B a llr o o m s  B /C  ] C h a ir :  R . H a w k e s , M o u n t  A l l is o n  U.

M O -A 3 -1 0 8 h 3 0

H E L M Y  S . S H E R IF , U n iv ers ity  o f A lb e rta  

A Discussion of Spin: From Teaching to Research
T h e  s u b jec t o f spin  o c c u p ie s  a  p ro m in en t p la c e  in m a n y  d isc u s s io n s  o f  physical p h e n o m e n a . I shall u s e  th e  d iscussion  o f s p in -1 /2  pa rtic le s  a s  a  c o n n ec tin g  th re a d  fro m  c la s s  
room  te a c h in g  to  re s e a rc h . S tarting  w ith  th e  tre a tm e n t o f  s p in -1 /2  in a  first c o u rse  on  Q u a n tu m  M e c h a n ic s , I sh a ll point ou t w h e re  I b e lie v e  th e  s tu d e n ts  beg in  to  a c c e p t s o m e  o f 
th e  b as ic  p rincip les  o f th e  su b jec t. A  d iscussion  o f th e  D ira c  E q u atio n  an d  its ro le  in e n rich ing  o u r u n d e rs tan d in g  o f spin  is fo llo w ed  by a n  a c c o u n t o f th e  ro le  it p lay s  in re ce n t d is ­
c u ss io n s  o f n u c le a r  s tru c tu re  a nd  re ac tio n s , includ ing  s o m e  a s p e c ts  o f m y ow n  re s e a rc h . S o m e  p e rso n a l re flec tio n s  on p hysics  a n d  te a c h in g  w ill b e  g iven .

0 9 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-A4] D i a g n o s t i c  I m a g i n g  /  Imagerie diagnostique Mo n d a y , Ju n e  14
LUNDI, 14 JUIN

(COMP-/ OCPM)
08h30 - 09h45

[ R o o m /S a l le  : A lb e r t  ] C h a ir :  J .A . R o w la n d s ,  S u n n y b ro o k  a n d  W o m e n 's  C o lle g e  H e a lth  S c ie n c e s  C e n te r/U .T o ro n to

M O -A 4 -1  0 8 h 3 0

E x p e rim e n ta l V erific atio n  o f S in o g ra m  M e rg in g  T e c h n iq u e  to  R e d u c e  L im ited  F ie ld -O f-V ie w  A rtifac ts  in C T  Im a g in g , A . K r e s s , R . H o o p e r  a n d  G. F a llo n e , Cross Cancer Institute, 
University of Alberta, —  S p ira l C T  tru n c a tio n  a rtifa c ts  c a u s e d  by a  lim ited  d e te c tio n  fie ld -o f-v ie w  (F O V )  c an  b e  re d u ce d  by m e rg in g  tw o  tru n c a te d  fa n -b e a m  s in o g ra m s , w h e re  th e  
s in o g ra m s  a re  acq u ire d  w ith  th e  p a tien t sh ifted  to  tw o  d iffe re n t la te ra l pos itions  w ith in  th e  gan try . T h is  w o rk  o u tlin e s  e x p e rim e n ta l verific atio n  o f th is  s in o g ram  m e rg in g  te c h n iq u e . 
A x ia l a n d  sp ira l fa n -b e a m  s in o g ra m s  o f a  p h a n to m  w e re  a c q u ire d  using a  P ic k e r P Q 5 0 0 0  C T  s ca n n e r, w ith  th e  p h a n to m  pos itioned  left an d  right o f isocen ter. F a n -b e a m  s in o ­
g ra m s  w e re  a rtific ia lly  tru n c a te d  to  s m a lle r  F O V s . S a g itta l la s e rs  w e re  u sed  to  a lign  th e  p h a n to m  a t th e  o ffse t loca tions , a n d  la te ra l shifts  w e re  verifie d  using c ro ss  c orre la tion  
te c h n iq u e s . In sp ira l s ca n n in g  th e  z -a x is  s ta rt location  fo r e a c h  s ca n  w a s  d e te rm in e d  by p lac ing  a  fid u c ia l m a rk e r on th e  p h a n to m  a n d  reconstruc ting  s lic es  a t a  s m a ll index.
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Résumés des sessions orales

Im a g e s  reco n s tru c te d  fro m  th e  m e rg e d  s in o g ra m s  w e re  c o m p a re d  to  im a g e s  reco n s tru c te d  fro m  s in g le  n o n -sh ifted , n o n -tru n c a te d  s in o g ram s . Q u a lita tiv e  a n a ly s is  co n sis te d  o f 
v ie w in g  th e  im a g e s  a t d iffe re n t w in d o w  s e ttin g s  to  look  fo r a rtifa c ts  c re a te d  by th e  m e rg in g  te c h n iq u e , an d  a ls o  c o m p arin g  p ro files  th roug h  im a g e s . Q u a n tita tiv e  c o m p a ris o n s  o f 
re co n s tru c te d  im a g e s  w e re  a ls o  p e rfo rm e d . F o r  both ax ia l a n d  sp ira l d a ta  th e  s in o g ra m  m e rg in g  te c h n iq u e  s u b stan tia lly  re d u ce d  th e  a rtifa c ts  p ro d u c ed  by th e  lim ited  F O V .

M O -A 4 -2  0 8 h 4 5

A b d o m in a l T h re e  P o in t D ixon  Im a g in g  w ith  S e lf  C a lib ra tin g  P a ra lle l M R I . C h a r le s  M c K e n z ie  1, S .B . R e e d e r  2 , A . S h im a k a w a  3 , N .J . P e lc  2 an d  J .H . Brittain  3 , 1 B e th  Is ra e l 
D e a c o n e s s  M e d ic a l C e n te r a n d  H a rv a rd  M e d ic a l S choo l] 2 S tan fo rd  U n ivers ity  M e d ic a l C e n te r; a n d  3 G E  M e d ic a l S y s te m s  —  T h e  th re e  point D ixon  te c h n iq u e  can  p rov id e  e x c e l­
len t s ep a ra tio n  o f fa t an d  w a te r  s ig n a ls . T h is  h a s  a  v arie ty  o f  po ten tia l a p p lic a tio n s , such  a s  iden tifica tion  o f fa tty  d e p o s its  in th e  liver. H o w e v e r, app lic a tio n  o f  th e  te c h n iq u e  to  
a b d o m in a l im ag in g  h a s  b e en  s e v e re ly  lim ited  by th e  re q u ire m e n t th a t th re e  im a g e s , e a c h  w ith  a  d iffe re n t fa t-w a te r  p h a s e  shift, m ust be  c o lle c ted , th u s  trip ling a cqu is ition  tim e  re la ­
tiv e  to  an  e q u iv a le n t n o n -D ixo n  s e q u e n c e . T h is  w o rk  e v a lu a te s  th e  feas ib ility  o f  using s e lf  c a lib ra ted  pa ra lle l M R I to  a c c e le ra te  a b d o m in a l th re e  point D ixon  im ag in g . In  v ivo  
fa t /w a te r  s e p a ra te d  im a g e s  w e re  re co n s tru c te d  fro m  a c c e le ra te d  an d  fu lly  g ra d ie n t e n c o d e d  F a s t S p in  E ch o  D ixo n  d a ta . By using s e lf c a lib ra ted  p a ra lle l im ag in g  w e  h a v e  b e en  
a b le  to  a c c e le ra te  D ixon  im ag ing  in th e  a b d o m e n  w ith o u t e n c o u n te rin g  a rtifa c ts  in th e  pa ra lle l M R I reconstruc tion  fro m  m isre g is tra tio n  o f th e  ca lib ratio n  a n d  im ag in g  d a ta . D ixon  
w a te r - fa t s ep a ra tio n  is S N R  e ffic ien t, so S N R  lo ss e s  fro m  th e  pa ra lle l reconstruc tion  w e re  m itig ated  by th e  g a in s  fro m  th e  e x tra  sca n  tim e  o f th e  D ixon  acq u is itio n . T h e  a c c e le ra t­
e d  im a g e s  had  m in im a l artifact, goo d  S N R  a n d  im a g e  qua lity  c o m p a ra b le  to  th e  im a g e s  p ro d u c ed  fro m  fully s a m p le d  d a ta  sets.

M O -A 4 -3  0 9 h 0 0

P in h o le  S P E C T  w ith  Ite ra tiv e  R e co n stru c tio n  an d  th e  M e d ia n  R o o t P rio r F ilte r . A n d r e w  F. W in d  1, B arry  T. M c K e e 1 2 , a n d  M ic h a e l J. C h a m b e r la in 2, 1C a neton  U n ive rs ity  a nd  
2D iv is ion  o f N u c le a r  M e d ic in e , O tta w a  H o sp ita l —  T h is  s tudy  e x p lo re s  th e  c lin ical feas ib ility  o f P in h o le  S P E C T  w ith  ite ra tiv e  re co n s tru c tio n . T h e  M e d ia n  R o o t P rio r (M R P ),  a  
B a y e s ia n  M a x im u m  A  P osterio ri ite ra tiv e  filter, is u sed  to  re d u c e  high fre q u e n c y  no ise  w h ile  p re se rv in g  e d g e s . C a p illa ry  tu b e s  w e re  im a g e d  in th re e  o rien ta tio n s  w ith  h igh c o n c e n ­
tra tio n s  o f T c -9 9 m  to  m e a s u re  th e  s y s te m  reso lu tion . A  4  m m  p in h o le  a t a  1 0 .7  c m  ra d iu s  o f  rotation w a s  u sed  to  a c q u ire  1 2 8  p ro jec tio n s  fro m  w h ich  s u b se ts  o f d a ta  cou ld  be  
e x tra c te d  a n d  a n a ly z e d . Im a g e s  w e re  re co n s tru c te d  using 1 2 8  p ro jec tio n s  o v e r  3 6 0  d e g re e s  a s  w e ll a s  6 4  p ro jec tio n s  o v e r 1 8 0  d e g re e s . T h e  im a g e s  w e re  a ls o  reco n s tru c te d  
w ith  in cre a s in g  a m o u n ts  o f  filtering to  e x p lo re  th e  e ffe ct o f  th e  M R P  filter. A  c lin ical im a g e  o f a  w ris t w a s  acq u ire d  u n d e r rea lis tic  con d itio n s  to  d e m o n s tra te  th e  c lin ical feasib ility . 
T h e  F W H M  o f th e  reco n s tru c te d  c ap illa ry  tu b e s  w a s  6 .0  m m  on a v e ra g e , v a ry in g  les s  th a n  1 0 %  in m ost c irc u m s ta n c e s . T h e  ite ra tiv e  reconstruc tion  w ith  th e  M R P  filte r p ro ved  to  
b e  robust, y ie ld ing  th e  co rrec t g e o m e try  w ith o u t o b v io u s  a rte fa c ts  an d  on ly  a  sm all in c re a s e  in n o is e  a s  th e  n u m b e r o f p ro jec tio n s  w a s  re d u c e d . T h e  M R P  filte r s e e m s  to  b e  an  
e x c e lle n t filte r fo r  contro lling  n o is e  w ith o u t sm o o th in g  e d g e s . L im iting th e  acqu is ition  to  1 8 0  d e g re e s  on ly  s h o w s  a  loss o f reso lu tion  w ith  in cre a s in g  d is ta n c e  fro m  th e  p inho le .
T h e  w ris t im a g e , a lth o u g h  c ount lim ited , d e m o n s tra te s  a  c lin ical po te n tia l fo r p in h o le  S P E C T . In add ition  to  w ris ts , th e re  shou ld  b e  po te n tia l fo r e lb o w s  an d  a n k le s , w h ich  a re  not 
cu rren tly  w e ll im a g e d .

M O -A 4 -4  0 9 h 1 5

3 D  M a m m o g ra p h y  - A  S in g le  P ro jec tion  C o m p to n  S c a tte r  Im ag in g  T e c h n iq u e *, E r ic  V a n  U y tv e n  1, S . P is to rius  1 a n d  R . G o rd o n  2 , 1 C a n c e rC a re  M a n ito b a  a n d  2 U n iv ers ity  o f 
M a n ito b a  —  S c re e n in g  m a m m o g ra p h y  is th e  c u rren t gold  s ta n d ard  in d e te c tin g  b re a s t c an c e r. H o w e v e r, its fu n d a m e n ta l d is a d v a n ta g e  is th a t it tra n s la te s  a  3 D  ob je ct into a  2 D  
im a g e . S m a ll les io n s  a re  d ifficult to  d e te c t w h e n  s u p e rim p o s e d  o v e r  la y e rs  o f n o rm a l tis s u e . C o m p u te d  T o m o g ra p h y  (C T ) p ro d u c e s  a  tru e  3 D  im a g e  y e t h a s  a  lim ited  ro le  in 
m a m m o g ra p h y  d u e  to  low  reso lu tion  a nd  c o n tra s t. A s  a  first s te p  in 3 D  m a m m o g ra p h y  w e  h a v e  d e v e lo p e d  a  s e n s itiv e  C o m p to n -s c a tte r  b a s e d  low  d o s e  te c h n iq u e  w h ich  can  p ro ­
d u c e  a  3 D  im a g e  o f th e  b re as t w ith  a  s in g le  p ro jec tion . Im a g in g  an  o b je c t w ith  x -ra y s  p ro d u c es  a  c h ara c te ris tic  s c a tte re d  photon  s p e c tru m  a t th e  d e te c to r  p lan e . A  know n  inciden t 
b e a m  s p e c tru m , b e a m  s h a p e  a n d  a rb itrary  3 D  m atrix  o f  e le c tro n  de n s ity  v a lu e s  e n a b le s  a  th e o re tic a l s c a tte re d  photon  d istribution  to  be  c a lc u la te d . A n  ite ra tiv e  m in im iza tio n  a lg o ­
rithm  is u sed  to  m a k e  c h a n g e s  to  th e  e le c tro n  d e n s ity  v o xe l m atrix  to  re d u c e  re g u la r  d iffe re n c e s  b e tw e e n  th e  th e o re tic a l d istribution  an d  th e  e x p e rim e n ta lly  m e a s u re d  d istribution . 
T h e  ob je ct is c h a ra c te r iz e d  by th e  c o n v e rg e d  e le c tro n  d e n s ity  d istrib ution . T h is  te c h n iq u e  h a s  b e e n  v a lid a te d  using d a ta  p ro d u c ed  by th e  E G S n rc  M o n te  C a r lo  c o d e  s y s te m . A  
s ca n n in g  p o ly ch ro m a tic  x -ra y  pencil b e a m  is u sed  to  irrad ia te  a  c y lindrica lly  s y m m e tr ic  s la b  o f  b re as t tis su e  c o n ta in ing  m u ltip le  in h o m o g e n e itie s . T h e  resu lting  M o n te  C a rlo  d a ta  is 
p ro c e s s e d  using a  N e ld e r -M e a d  ite ra tiv e  a lg o rith m  (M A T L A B ) to  p ro d u c e  th e  3 D  m atrix  o f  e le c tro n  d e n s ity  v a lu e s . R e su ltin g  im a g e s  h a v e  b e e n  a b le  to  d e te c t 0 .5 m m  c a lc if ic a ­
tio n s  w ith  a  v o xe l reso lu tion  o f 0 .5 c m  w ith  p rec is ion  < 5 %  a n d  a c c u ra c y  < 4 % .

* This work is being supported by CancerCare Manitoba Foundation.

M O -A 4 -5  0 9 h 3 0

U n in te n tio n a l H u m a n  S k e le ta l Im ag in g  W ith  9 9 m T c -M e th v le n e  D ip h o s p h o n a te  4 5  M o n th s  B e vo n d  E x p ira tio n , E d u a r d o  G a lia n o , Lau re n tia n  U n iv e rs ity  —  E ig h t p lan ar, w h o le  
body  s k e le ta l scin tig ra p h y  p a tien ts  w e re  in ad ve rte n tly  a d m in is te re d , an d  im ag e d  w ith , 99m T c -lab e led  M e th y le n e -D ip h o s p h o n a te  (M D P ) w h ich  w a s  4 5  m o n th s  e xp ire d . All p a tien ts  
w e re  s u b s e q u e n tly  im a g e d  w ith  n orm al M D P . L a b o ra to ry  m e th o d s  e m p lo y e d  in th e  s tudy  o f th e  long te rm  stab ility  o f th e  M D P  m o le c u le  h a v e  d e te rm in e d  th a t th e  e ffic ie n c y  a nd  
s tren g th  o f th e  lab e lin g  bond te n d  to  d e g ra d e  a s  a  func tion  o f  M D P  a g e [12]. T h is  m a y  resu lt in th e  co llection  o f  fre e  p e rte c h n e ta te  in th e  thyro id  g lan d  [3]. T h e  im a g e s  ob ta in e d  
w ith  e x p ire d  M D P  w e re  c lin ically  a c c e p ta b le . N o  d iffe re n c e s  in sca n  a b n o rm a litie s  w e re  o b s e rv e d  c o m p a re d  w ith  norm al M D P  fo r a n y  o f th e  pa tien ts . N o n e  o f th e  p a tien ts  s u f­
fe re d  a n y  s id e  e ffe c ts  a ttr ib u ta b le  to  th e  e x p ire d  M D P . T h e s e  resu lts  s u g g e s t th a t it m a y  be  pos sib le  -  but not re c o m m e n d a b le  -  to  sa fe ly  ob ta in  c lin ically  a c c e p ta b le  im a g e s  w ith  
e x p ire d  M D P .

1. G. Subramanian, J.G. McAffee, R.J. Blair, “Pharmaceutical toxicity as a function of biodegradability”, J Nucl Med, 14: 719-722, 1973.
2. H.K. Genant, G J. Bentovich, M. Singh, et al., “Bone seeking radionuclides: An in-vivo study of the factors affecting skeletal uptake”, Radiology, 113: 373-376, 1974.
3. R.E. Henkin, A. Woodruff, W. Chang, A.M. Green, “The effect of radiopharmaceutical incubation time on bone scan quality”, Radiology, 135: 463-465, 1980.

0 9 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-A5] Plenary Session / Session plénière MONDAY, JUNE 14 
LUNDI, 14 JUIN

(C AP-CASCA-
C O M P-/ A CP- 09h15 - 10h00
CASCA -O CPM )

[ R o o m s /S a l le s  : B a llr o o m s  B /C  ] C h a ir :  J . B e c h h o e fe r ,  S im o n  F ra s e r  U.

M O -A 5 -1 0 9 h 1 5

D A V ID  B E N S IM O N , É c o le  n o rm a le  s u p é rie u re

T h e  E la s tic  B e h a v io u r o f a R e a l P o ly m e r: T h e  C ase  o f ssD N A

T h e  possib ility  to  m a n ip u la te  s in g le  m o le c u le s  h a s  o p e n e d  a  n e w  v is ta  on th e  s tudy  o f th e ir  physica l p ro p e rties . It h a s  th u s  b e e n  sh o w n  th a t th e  e la s tic  b e h a v io u r o f d o u b le  
s tra n d e d  D N A  (d s D N A ) is v e ry  w e ll d e s c rib e d  by th e  W o rm  L ike  C h a in  m o d e l o f an  id ea l (n o n -in te ra c tin g ) po lym er. T h a t e x c e lle n t a g re e m e n t is th e  fo rtu ito u s  resu lt o f th e  u n u s u ­
a lly  la rg e  rigidity (p e rs is te n c e  len g th ) o f d s D N A . F o r m o re  u s u a l p o ly m e r c h a in s  (s in g le  s tran d ed  D N A  (s s D N A ), p ro te in s  an d  a rtific ia l p o ly m e rs  such  a s  p o ly e th y le n e  o r  po ly ­
s ty re n e ) w h o s e  p e rs is te n c e  leng th  is o f th e  s a m e  o rd e r o f m a g n itu d e  a s  th e  m o n o m e r s iz e , th e  W L C  m o d e l c a n n o t p rov id e  a  go o d  descrip tio n  o f th e ir  b e h a v io u r u n d e r s tress . W e  
h a v e  u s ed  s s D N A  a s  a  m ode l to  in ve s tig a te  th e  e la s tic  b e h a v io u r o f  th e s e  p o ly m e rs , both e x p e rim e n ta lly  an d  th e o re tica lly . W e  w ill s h o w  th a t th e  re s p o n s e  to  s tre s s  o f s s D N A  can  
b e  w ell d e sc rib ed  by a  m o re  re fin ed  m o d e l o f a  p o ly m e r (a n  e la s tic  F re e ly  J o in ted  C h a in ) th a t ta k e s  into a c c o u n t e le c tro s ta tic  repu ls ion  a n d  b a se p a irin g  in te rac tio n s  b e tw e e n  c o m ­
p le m e n ta ry  n u c leo tid e s . T h is  m o d e l a llo w s  a  p a ra m e te r  fre e  descrip tio n  o f th e  e la s tic  b e h a v io u r o f s s D N A  o v e r a  w id e  ra n g e  o f ion ic  con d itio n s  a n d  o v e r  4  o rd e rs  o f m a g n itu d e  o f 
fo rc e . S im ila r  resu lts  h a v e  b e en  o b s e rv e d  on  th e  s tre tch ing  o f p ro te in s  w h e re  th e  W L C  m o d e l is u sually  (bu t w ro n g ly ) u sed  to  fit th e  d a ta .

1 0 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n
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[MO-A6]

(CASCA)

Visualization in Planetary Sciences 
Visualisation en science planétaire

MONDAY, JUNE 14 
LUNDI, 14 JUIN

09h15 - 10h00

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  S. S a fi-H a rb , U. o f  M a n ito b a

M O -A 6 -1  0 9 h 1 5

P A U L  W IE G E R T , University of Western Ontario

V isua liz in g  D y n a m ics  in  the  S o la r  S ys tem

Computers have long been used to study the behaviour of dynamical systems. Despite this fact, the potential to use computer animations to display and examine the results of 
such investigations have remained to a large extent unexploited. Advances in processor speed and software now make it possible to display the results of simulations much more 
easily on a computer screen, in some cases with real-time control of details such as the viewpoint. These developments provide new opportunities for Solar System studies as 
well as to astronomy in general, both in a research and a teaching context.

1 0 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-A7] Soft Matter / Matière molle
(DCMMP/DPMCM)

MONDAY, JUNE 14 
LUNDI, 14 JUIN

10h00 - 12h30

[ R o o m /S a l le  : V ic to r ia  ] C h a ir :  B . J o o s ,  U. d 'O tta w a

M O -A 7 -1  1 0 h 0 0

Temperature-Sensitive Size of Microgel Particles. B a r b a r a  J o a n  F r is k e n  1, Y Sun 1 and A. Bailey 2, 1 S im on F ra s e r  U n ive rs ity  and 2 Scitech Instuments — We have been 
investigating properties of microgel particles made by free-radical polymerization of N-isopropylacrylamide (NIPAM) in water. Usually, these particles are formed during polymer­
ization in the presence of an added crosslinker, typically N,N’-methylene bis(acrylamide), but we have also found that we can make stable particles in the absence of added 
crosslinker. In a water dispersion, these particles decrease in size upon heating. We have measured the temperature-dependence of particles made with different amounts of 
crosslinker with both dynamic light scattering and static light scattering techniques. The ratio of the sizes measured by these two techniques is not constant but depends on tem­
perature and on the amount of added crosslinker. This variation is strongest near the volume phase transition in samples with no added crosslinker. Sources of this variation will 
be discussed.

M O -A 7 -2  1 0 h 1 5

Spontaneous Formation of Monodisperse Small Unilamellar Vesicles -  Kineticallv Trapped or Thermodynamically Stable?, M .-P . N ie h , V.A. Raghunathan, T.A. Harroun and 
J. Katsaras, N a tio n a l R e se a rch  C o u n c il — The structural phase diagram of the long-chain phospholipid dimyristoyl phosphatidylcholine (DMPC) with the short-chain lipid dihexa- 
noyl phosphatidylcholine (DHPC) doped with charged species was recently constructed. Spontaneously forming unilamellar vesicles (ULV) were found at low concentrations 
(< 2 wt.%) and temperatures > 23 oC. Using small-angle neutron scattering we have investigated ULV formation on diluting lamellar stacks at 45 oC to determine whether the ULV 
formed are kinetically trapped or thermodynamically stable.

M O -A 7 -3  1 0 h 3 0

Phase Behaviour of Aqueous Solutions of Short and Long Chain Phospholipids, V .A . R a g h u n a th a n , M.-P. Nieh, T.A. Harroun, and J. Katsaras, N a tio n a l R e se a rch  C o u n c il —
Mixtures of short and long chain lipids have been shown to be promising matrices to orient membrane proteins for NMR experiments. We have studied the phase behaviour of 
mixtures of dihexanoyl phosphatidylcholine (DHPC) and dimyristoyl phosphatidylcholine (DMPC), using optical microscopy and neutron scattering techniques. An isotropic phase, 
consisting of disc-like micelles or so-called bicelles, is observed below the chain melting transition of DMPC. At higher temperatures, a nematic phase made up of long worm-like 
micelles is formed. Addition of the charged lipid, dimyristoyl phosphatidylglycerol (DMPG), destablizes the nematic phase, and the system exhibits a lamellar phase made up of 
bilayers. The influence of molecular chirality on the structure of the different phases has also been investigated.

M O -A 7 -4  1 0 h 4 5

Novel Finite-Size Effects in Biomimetic Smectic Films, J . K a ts a r a s , T.A. Harroun, V.A. Raghunathan, M.-P. Nieh, N a tio n a l R e sea rch  C o u n c il — Thin stacks of lipid multibilayers 
supported on rigid silicon and mica substrates are found to exhibit novel finite-size effects. Using neutron diffraction we find that the repeat spacing (d ), of stacks containing up to 
a few tens of bilayers, depends on their thickness (D ), with d  increasing with decreasing D . These results contradict the general belief that thinner stacks have a lower d , due to 
the suppression of thermal bilayer undulations by the interfaces of the film, which lowers the steric interbilayer repulsion. However, the present experimental results have been 
envisaged by a recent theoretical analysis of finite-size effects in bilayer stacks at interfacial tensions below a critical value.

M O -A 7 -5  1 1 h 0 0

Studies of Banded Spherulites in Ethylene-Carbonate-Polymer Mixtures, J o h n  L a w r e n c e  B e c h h o e f e r , B. Sadlik and L. Talon, S im on F ra s e r  U n ive rs ity  — Banded spherulites 
appear generically when materials with viscous melts are frozen at high under-coolings. The characteristic striped pattern observed in thin samples is believed to reflect a rotation 
of crystalline axes that occurs as the front propagates radially away from a nucleation site. Common features include an onset of banding at finite under-cooling and a divergence 
of the wavelength near this critical under-cooling. Despite much speculation, there is little agreement as to the mechanisms responsible for the twist. We have studied this insta­
bility in mixtures of a low-molecular- weight material (ethylene carbonate) and a polymer (polyacrylonitrile). Varying the concentration of polymer changes the wavelength and 
onset temperature of the bands. An observed scaling with respect to the fluid viscosity suggests a possible hydrodynamic mechanism for the instability. As in other systems, the 
banded-unbanded transition is observed to be analogous to a second-order transition.

M O -A 7 -6  1 1 h 1 5

Development of a GISAXS Furnace for In -S itu  Polymer Film Characterization*, M a r s h a  S in g h  1, G. Beydaghyan 1, Q. Rao (formally of Queen’s University) and D. Schneider2,
1 Q u e e n ’s  U n ive rs ity  and 2 Brookhaven National Laboratory — A sample chamber for grazing incidence small angle x-ray scattering (GISAXS) characterization of polymer films 
as a function of temperature and incident angle was constructed for synchrotron measurements at the National Synchrotron Light Source (NSLS) of Brookhaven National 
Laboratory (NY). The design assumes a horizontal sample surface and utilizes a flat (50.8 mm) mica heater in contact with a cylindrical Cu base to achieve temperatures up to 
220.0 °C with a precision of ± 0.1 °C. In addition, a transmission stage has been designed to be mounted on the same Cu base to enable complementary bulk phase measure­
ments, where applicable. A cylindrical enclosing cap with 23 mm high Kapton windows provides nearly 360° visibility access to the sample surface for incoming and scattered x- 
ray beams while maintaining a low He flow through rate. Heating was controlled using a Eurotherm 818P4 controller interfaced to a PC via a LabVIEW instrumentation program. 
Preliminary GISAXS measurements have been obtained at beamline X12B of NSLS for diblock styrene-butadiene polymer films indicating the effect of temperature on the observ­
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Résumés des sessions orales

a b le  m icro s tru c tu re . T h e  p o ly m e r w a s  a ls o  p re p a re d  fo r tra n s m is s io n  m o d e  m e a s u re m e n ts  to  a llo w  c o m p aris o n  o f  th e  th e rm a l evo lu tio n  o f p o ly m e r m icros truc tu re  in both bulk, 
s u rfa c e , a nd  n e a r s u rfa c e  p h a se s .

* This work is being supported by NSERC.

M O -A 7 -7  1 1 h 3 0

D iffusion  o f U ltra so n ic  W a v e s  in P o ro u s  G la s s  B e a d  S in te rs * ..  J o h n  H . P a g e 1, J . B e c k 2 R . H o lm e s 3J . B o b o w s k i4 1 U n iv e rs ity  o f  M a n ito b a ,  2 C a n c e rC a re  M a n ito b a , 3 P rin ce to n  
U n iv ers ity  a n d  4 U n iv ers ity  o f British C o lu m b ia  —  S in te re d  n e tw o rks  o f  g las s  b e a d s  fo rm  an  in te res ting  e x a m p le  o f a  p orous  m e d iu m  in w h ich  v e ry  s trong m u ltip le  sca tte rin g  o f 
e la s tic  w a v e s  is o b s e rv e d  w h e n  th e  u ltra so n ic  w a v e le n g th  is c o m p a ra b le  w ith  th e  s ize  o f  th e  po re s . B e c a u s e  o f  its re la tiv e ly  s im p le  s tru c tu re , th is  m a te r ia l m a y  be  a n  id ea l s ys te m  
fo r  p rob ing  th e  d iffusion  o f e la s tic  w a v e s , w h e re  d iffu se  w a v e s  h a v e  m ixed  c h a ra c te r  consis ting  o f both long itud ina l a nd  tra n s v e rs e  p o la riza tio n s . To in ve s tig a te  th e  d iffu s ive  tra n s ­
port o f e n e rg y  by m ultip ly  s c a tte re d  w a v e s , th e  d iffusion  c o e ffic ie n t D , a s  w e ll a s  th e  ab so rp tio n  tim e , w a s  d e te rm in e d  by fitting th e  p re d ic tions  o f th e  d iffusion  a p p ro x im a tio n  to  th e  
tim e -o f-flig h t p ro files  in p u ls e  tra n s m is s io n  e x p e rim e n ts . T h e  fre q u e n c y  d e p e n d e n c e  o f th e  d iffusion co effic ien t w a s  m e a s u re d  o v e r  an  e x te n d e d  ra n g e  o f fre q u e n c ie s , a n d  c o m ­
p a red  w ith  e s t im a te s  o f D  fro m  ballis tic  m e a s u re m e n ts  o f  th e  sca tte rin g  m e a n  fre e  pa th  an d  g ro u p  veloc ity . W e  find  th a t D  exh ib its  a  p la tea u  fo r fre q u e n c ie s  a b o v e  a  c ro ss o v er  
fre q u e n c y  d e te rm in e d  by th e  cond ition  k ξ  ~  1 , w h e re  k  is th e  w a v e  v e c to r  a n d  ξ  is th e  s truc tu ra l co rre la tio n  leng th  (e q u a l to  th e  rad ius  o f th e  larg e s t p o re s ). Insight into th is  
b e h a v io u r is p ro v id ed  by n u m e ric a l s im u la tio n s  o f p honon  tra n s p o rt in a  m o d e l th re e -d im e n s io n a l la ttice  pe rco la tio n  s ys te m , o rig ina lly  p e rfo rm ed  to  e lu c id a te  th e  low  te m p e ra tu re  
th e rm a l conductiv ity  o f g la s s e s [1]

1. Ping Sheng , Minyao Zhou and Zhao-Qing Zhang., Phys. Rev. Lett. 72, 234 (1994).

* This work is being supported by NSERC

M O -A 7 -8  1 1 h 4 5

R e s o n a n t T u n n e lin g  o f  U ltra so u n d  in P h o n o n ic  C ry s ta ls *, A le x e y  S u k h o v ic h  1, J .H . P a g e 1, A . Tourin  2 , F. v a n  d e r  B ie s t2, M . F in k 2 , B . v a n  T ig g e le n  3 an d  Z .  L iu 4 , 1 U n ive rs ity  o f  
M an itoba ,  2 E S P C I,  P a ris , 3 U n iv ers ité  J. Fourie r, G re n o b le  an d  4 W u h a n  U n ivers ity , C h in a  —  In th e  b a n d  g a p  o f a  pho n o n ic  c rys ta l, w a v e  p ro p a g atio n  is fo rb id d e n  an d  w a v e  
tra n s p o rt ta k e s  p lac e  by tu n n ellin g  [1]. H e re  w e  in v e s tig a te  th e  re s o n a n t tunn elling  o f  u ltrason ic  w a v e s  th ro u g h  a  p a ir o f p h o n o n ic  c rys ta ls  s e p a ra te d  by a  un ifo rm  m e d iu m , w hich  
a c ts  a s  a  re s o n a n t cavity . T h e  tra n s m is s io n  c o e ffic ie n t exh ib its  a  n a rro w  p e a k  w h e n  th e  cav ity  th ic k n e s s  is a p p ro x im a te ly  a  h a lf-in te g e r m u ltip le  o f th e  w a v e le n g th , an  e ffe c t th a t is 
a n a lo g o u s  to  th e  re so n a n t tu n n ellin g  o f a  partic le  th roug h  a  d o u b le  po te n tia l b a rr ie r  in q u a n tu m  m e c h a n ic s . W e  a ls o  in v e s tig a te  th e  d y n a m ic s  o f  re so n a n t tu n n e llin g  by m e as u rin g  
th e  g ro u p  ve loc ity . A t re s o n a n c e , th e  g roup  v e lo c ity  is re m a rk a b ly  s lo w  an d  is e v e n  p red ic ted  to  d e c re a s e  e xp o n e n tia lly  w ith  th e  th ic k n e s s  o f th e  c rys ta ls  in th e  a b s e n c e  o f 
a b so rp tio n , w h ile  o ff re s o n a n c e  th e  v e lo c ity  is u ltra -fa s t, a s  is c h ara c te ris tic  o f  tu n n e lin g .

1. S. Yang, J.H. Page, Z. Liu, M.L. Cowan, C.T. Chan and Ping Sheng, Phys. Rev. Lett. 88 , 104301 (2002).
* This work is being supported by NSERC.

M O -A 7 -9  1 2 h 0 0

D ire c t V ib ra tio n a l D e n s ity  o f S ta te s  M e a s u re m e n ts  in S trong ly  S c a tte rin g  M e d ia *, W i l l ia m  K u r t  H ild e b ra n d , J .R . P itca irn  an d  J .H . P a g e , U n ive rs ity  o f  M a n itoba  —  U s in g  u ltra ­
s o n ic  te c h n iq u e s , w e  a re  d irectly  inves tigating  th e  b e h a v io u r o f  th e  v ib ra tio n a l d e n s ity  o f  s ta tes  in d iso rd ere d  po ro u s  m e d ia  w h e n  th e  w a v e le n g th  is o f th e  s a m e  s c a le  a s  th e  p o re  
s iz e  o f th e  s a m p le . By ob s erv in g  th e  F o u rie r tra n s fo rm  o f an  u ltrason ic  p u ls e  tra n s m itted  th ro u g h  sm all s a m p le s , th e  n o rm a l m o d e s  m o d e s  o f e la s tic  w a v e s  in th e  s tru c tu re  can  
b e  co u n te d , prov id ing  a  d irec t m e a s u re m e n t o f  th e  d e n s ity  o f  s ta tes  a s  a  func tion  o f fre q u e n cy . S in c e  th e  de n s ity  o f s ta te s  is p ro p o rtio n a l to  th e  v o lu m e  o f th e  s a m p le , th e  s a m ­
p les  m ust be  su ffic iently  sm all to  a llo w  th e  ind ividual m o d e s  to  be  re s o lv e d . O u r  s a m p le s  a re  ra n d o m  s in te re d  n e tw o rks  o f g la s s  b e a d s , w h ich  a re  co n stru c ted  in a  w a y  th a t c o rre ­
s p o n d s  to  ra n d o m  th re e -d im e n s io n a l p e rco la tio n . T h e s e  s a m p le s  a re  re la tive ly  s im p le  e x a m p le s  o f porous  m a te r ia ls  th a t m a y  s e rv e  a s  m e so s co p ic  m o d e ls  o f a m o rp h o u s  a to m ic  
m a te ria ls . T h e s e  e x p e rim e n ts  a re  prov id ing  n e w  in fo rm ation  on th e  n a tu re  o f w a v e  p ro p a g atio n  th ro u g h  ra n d o m  m e d ia  in th is  s trong s ca tte rin g  re g im e , an d  m a y  a ls o  h e lp  to  e lu c i­
d a te  tw o  c la s s ic  p ro b le m s  in low  te m p e ra tu re  physics: th e  un iv ers a l p la te a u  in th e  th e rm a l conductiv ity  o f  a m o rp h o u s  m a te ria ls  n e a r  2 0  K  an d  th e  p ro p e rties  o f low  te m p e ra tu re  
h e a t e x c h a n g e rs  a t 1 m K .

* This work is being supported by NSERC.

M O -A 7 -1 0  1 2 h 1 5

N o n lin e a r D iss ipa tion  In B ro w n ian  M o tio n *, A le x a n d e r  P ly u k h in ,  U n ive rs ity  o f  S a ska tch e w a n  —  T h e  c en tra l point o f  th e  B ro w n ian  m otion  th e o ry  is th e  a ss u m p tio n  o f  w id e  s e p a ­
ra tion  o f tim e  s c a le s  fo r a  h e a v y  B ro w n ian  p artic le  an d  light m o le c u le s  o f s u rround ing  b a th . A  p a ra m e te r  w h ich  g o v e rn s  th is  s e p a ra tio n  is usually  th o u g h t to  be  th e  ratio  o f th e  

m a s s  o f a  ba th  m o lec u le  to  th a t o f  th e  partic le , λ  =  m  /  M . In th e  u ltim ate  lim it λ  < <  1 th e  c o n ve n tio n a l L a n g ev in  eq u atio n  w ith  d iss ip a tive  fo rc e  lin e a r  in p a rtic le ’s  m o m e n tu m  can  

b e  re co v ere d  fro m  u nderly ing  e q u a tio n s  o f  m otion . In certa in  s itu a tio n s  th is  a p p ro x im a tio n  is not su ffic ien t an d  o n e  n e e d s  to  k e e p  te rm s  o f h ig h e r o rd e rs  in λ . In th is  c a s e  th e  d is ­
s ip a tiv e  te rm s  n o n -lin e a r  in p a rtic le ’s  m o m e n tu m  a p p e a r  in th e  L a n g ev in  e q u a tio n . U s in g  th e  p ro je c tio n -o p e ra to r  te c h n iq u e , w e  e x p re s s  th e  n o n lin e a r d iss ip a tive  fo rc e  in te rm s  o f 
m icro s c o p ic  corre la tio n  fu n c tio n s . E xp lic it a n a ly tica l e x p re s s io n s  a re  fo u n d  fo r  a  sp ec ific  m o d e l o f th e  pa rtic le  in te rac ting  w ith  id ea l g a s  m o le c u le s  v ia  q u a d ra t ic  re p u ls ive  po ten tia l. 

W h e n  th e  partic le  s iz e  a n d  th e  ra n g e  o f in te rac tion  a re  suffic ien tly  la rg e , th e  p artic le  in te rac ts  s im u lta n e o u s ly  w ith  N  > >  1 ba th  m o lec u les . U n d e r  th e s e  c irc u m s ta n c e s  th e  a c tu a l 

s m all p a ra m e te r  contro lling  s ep a ra tio n  o f tim e  s c a le s  is fo u n d  to  be  λ  =  m  /  M .

* In collaboration with J. Schofield, University of Toronto.

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-A8] Advances in Instrumentation / Progrès en instrumentation Mo n d a y , Ju n e  14
LUNDI, 14 JUIN

(PPD-DNP
/p p d -d p n ) 10h00 - 12h30

[ R o o m /S a l le  : K ild o n a n  ] C h a ir :  F. C o rr iv e a u , M c G ill U.

M O -A 8 -1  1 0 h 0 0

S C O T T  M IC H A E L  O S E R , U n ivers ity  o f British C o lu m b ia  

L o n g -B a se lin e  N e u tr in o  O sc illa tio n s  a t  K 2 K  a n d  J-P A R C

In te n s e  n eu trino  b e a m s  p ro d u c ed  by a c c e le ra to rs  can  be  exp lo ite d  by lo n g -b a s e lin e  oscillation  e x p e rim e n ts  to  m e a s u re  n e u trino  m ixing  p a ra m e te rs . B y c o m p arin g  th e  flux  and  
f la v o u r c o n te n t o f  th e  b e a m  a t its production  s ite  to  th e  b e a m  c om position  a t a  fa r  d e te c to r  lo ca te d  h u n d re d s  o f  k ilo m e te rs  a w a y , trans ition  p rob a b ilitie s  b e tw e e n  n e u trin o  fla vo u rs  
c an  be  m e a s u re d  a s  a  func tion  o f n e u trin o  e n erg y , prob ing  th e  oscillation  p a tte rn . T h e  K 2 K  e x p e rim e n t u s es  a  m uon  n eu trino  b e a m  p ro d u c ed  a t K E K , J a p a n  a n d  d irec te d  to w a rd s  
th e  S u p e r-K a m io k a n d e  d e te c to r  to  m e a s u re  n e u trino  m a s s e s  an d  m ixing  a n g le s  a s s o c ia te d  w ith  a tm o s p h e ric  n e u trin o  o sc illa tion s . A  fu tu re  lo n g -b a s e lin e  e x p e rim e n t w ill d irec t a  
h ig h -in ten s ity  b e a m  fro m  th e  J -P A R C  proton d r iv e r  in Tokai, J a p a n  to w a rd s  S u p e r-K a m io k a n d e , w ith  th e  g o a l o f  m e as u rin g  th e  m uon  n eu trino  to  e le c tro n  n eu trino  c o nvers ion  
probability . T h e  J -P A R C  n e u trino  p ro jec t w a s  fu n d e d  in D e c e m b e r  2 0 0 3 . A fu tu r e  p h a s e  o f th e  J -P A R C  pro jec t w ill a tte m p t to  o b s e rv e  C P  v io la tio n  e ffe c ts  in n e u trin o  o scillation s  
by c o m p arin g  th e  m uon  n eu trino  to  e le c tro n  n eu trino  oscillation  p robability  w ith  th e  oscillation  p robability  fo r  a n tin eu trin o s . C P  v io la tio n  by ne u trin o s  m a y  h a v e  p ro d u c ed  th e  m a t­
te r -a n tim a tte r  a s y m m e try  o b s e rv e d  in th e  u n iv ers e  to d a y  by a  le p to g e n e s is  m e c h a n is m .
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M O -A 8 -2  1 0 h 3 0

P E T E R  W . K R IE G E R , U n iv ers ity  o f Toronto

The ATLAS Detector at the Large Hadron Collider
T h e  A T L A S  d e te c to r  is o n e  o f tw o  g e n e ra l-p u rp o s e  d e te c to rs  th a t w ill record  th e  products  o f co llis io ns  o f  7  T e V  b e a m s  o f p ro ton s  a t th e  L a rg e  H a d ro n  C o llid e r  a t C E R N , beg inn ing  
in 2 0 0 7 . A fte r  m a n y  y e a rs  o f R & D  a n d  c onstruction , th e  p ro jec t is n o w  a t th e  s tart o f th e  a s s e m b ly  p h a s e , in w h ich  s u b -d e te c to rs  built a t institu tions all o v e r  th e  w o rld  a re  b e g in ­
ning to  be  in te g ra ted  into th e  fina l d e te c to r. In  particu lar, y e a rs  o f w o rk  on th e  C a n a d ia n -b u ilt  c o m p o n e n ts  o f  th e  A T L A S  liquid a rg o n  c a lo r im e te r  a re  n o w  a p p ro a c h in g  c o m p le tio n . 
T h is  ta lk  w ill re v ie w  th e  C a n a d ia n  con trib u tio n s  to  A T L A S  a s  w e ll a s  th e  s ta tu s  o f  th e  d e te c to r  in tegratio n  a t C E R N .

1 1 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé

M O -A 8 -3  1 1 h 1 5

D E A N  K A R L E N , U n iv ers ity  o f  V ic to ria  /  T R IU M F

The Future Linear Collider Project
A  lin e a r e le c tro n  positron  co llid er o p e ra tin g  w ith  a  c e n tre -o f-m a s s  e n e rg y  b e tw e e n  5 0 0  G e V  an d  1 T e V  w o u ld  p ro v id e  e s s e n tia l in fo rm ation  to  u n d e rs tan d  th e  w a y  th e  sym m e try  
b e tw e e n  th e  e le c tro m a g n e tic  an d  w e a k  fo rc e s  is b roken  an d  point to  a  m o re  c o m p le te  th e o ry  o f  partic le  p hysics. In th e  re ce n t y e a rs , th e  w o rld w id e  pa rtic le  p hysics  c o m m u n ity  
h a s  c o m e  to g e th e r  to  a g re e  th a t th is  is th e  to p  priority fo r  n e w  fac ilitie s  in th is  fie ld . T h is  p re se n ta tio n  w ill re v ie w  th e  p hysics  go a ls , th e  c u rren t s ta tu s , an d  C a n a d a ’s in vo lv e m e n t 
in th e  lin e a r  co llid er pro ject.

M O -A 8 -4  1 1 h 4 5

R a d ia tio n  T o le ra n t M ic ro e le c tro n ic s  by D e s ig n , D o u g la s  M . G in g r ic h  an d  L. C h e n , University of Alberta/TRIUMF —  T h e  rad ia tion  e n v iro n m e n t o f h ig h -e n e rg y  p hysics  e x p e r i­
m e n ts  h a v e  re ce n tly  b e c o m e  a  m a jo r  c o n c e rn . S p e c ia l p re ca u tio n s  n e ed  to  be  ta k e n  to  e n s u re  th a t th e  fro n t-e n d  re a d o u t e le c tro n ic s  w ill p e rfo rm  re liab ly  o v e r th e  life tim e  o f th e  
e x p e rim e n t. U s ing  a d v a n c e d  c o m m e rc ia l m ic ro e lec tro n ic s  fa b rica tio n  fa c ilitie s , a lo n g  w ith  rad ia tio n  to le ra n t c ircuit d e s ig n s , h a s  p ro ven  to  be  an  e ffe c tive  so lu tion  to  th e  rad ia tion  
p ro b le m . Ion iz ing  rad ia tio n  c a u s e s  le a k a g e  c u rren ts  w ith in  an d  b e tw e e n  th e  tra n s is to rs  c o m pris ing  th e  c ircuits . By m a k in g  a  m od ification  to  th e  c o n ve n tio n a l tra n s is to r g e o m etry , 
it is pos sib le  to  e lim in a te  th e s e  ra d ia tio n -in d u ce d  c u rren t le a k a g e  pa ths . W e  d e m o n s tra te  th e  e ffe c tiv e n e s s  o f  th e  ra d ia tio n -to le ra n t by d es ign  a p p ro a c h . T h e  p e rfo rm a n c e  o f  s in ­
g le  tra n s is to rs , a s  w e ll a s , c o m p le te  ap p lic a tio n  sp ec ific  in te g ra ted  c ircu its  b e fo re  a nd  a fte r  be in g  s u b jec te d  to  ion iz ing  rad ia tio n  w ill b e  p re se n te d .

M O -A 8 -5  1 2 h 0 0

B a F 2 D e te c to r  D e v e lo p m e n t, J é r ô m e  G a u th ie r  e t le G ro u p e  d e  R e c h e rc h e  en  P h y s iq u e  d e s  Io n s  Lourds , Université Laval —  In th e  h e a v y  ion co llis ions p hysics  d o m a in , o n e  o f 
th e  m ost im p o rtan t po in ts  is th e  quality  an d  th e  e ffic iency  o f th e  d e te c to rs  u sed  to  d e te c t a n d  iden tify  th e  reac tion  p roducts . W e  w o rk  p re se n tly  on a  d e te c to r  using B a F 2 sc in tilla ­
to r  fo r  th e  d e te c tio n  a nd  iden tification  o f th e  iso to p e s  fro m  Z = 1  to  3  o r  m o re  dow n  to  low  e n e rg y  ra n g e  (E  < 5  M e V /A ).  O u r  te c h n iq u e  w ill b e  to  u s e  P M T  fitting w ith  th e  to w  s p e c ­
tra l ra n g e  o f th e  fa s t an d  s lo w  c o m p o n e n ts  o f th e  c rysta l an d  by co m b in in g  th e  p u ls e  s h a p e  d iscrim in ation  a n d  tim e  o f fligh t te c h n iq u e . W e  p ro jec t to  u p g ra d e  o u r d e te c to r  a rra y  
w ith  th is  ty p e  o f  d e te c to rs  c o m b in ed  w ith  th e  ph o sw ich  te c h n iq u e  to  a c h ie v e  an  isotop ic  reso lu tion  up to  Z = 1 6  fo r fu tu re  e x p e rim e n ts  w ith  IS A C -II  exo tic  b e a m s .

M O -A 8 -6  1 2 h 1 5

H E R A C L E S  M u ltid e te c to r  C a lib ra tio n *, R e n é  R o y , J o s ia n e  M o is a n  a n d  le G ro u p e  d e  re c h e rc h e  e n  ph y s iq u e  d e s  ions lourds , Université Laval —  H E R A C L E S  is a  4π m ulti 
d e te c to r  m a d e  o f  7  rings o f d e te c to rs . It w a s  u sed  in a  h e av y -io n  co llis io ns  e x p e rim e n t a t T e x a s  A & M  U n ivers ity  in 2 0 0 1 . T h e  d e te c to rs  a re  m a d e  o f scin tilla to r m a teria l, phosw ich  

fo r  fo rw a rd  rings an d  C s I fo r b a ck w ard  rings. S c in tilla to rs  e m it light w h e n  c h a rg e d  pa rtic le s  p e n e tra te  th e m . It is im p o rtan t to  k n o w  th e  e n e rg y  o f a  p artic le  co rres p o n d in g  to  a  c e r ­
ta in  a m o u n t o f light e m itte d  in o rd e r to  a n a ly s e  th e  d a ta  c o lle c ted  in th e  e x p e rim e n t. T h e re fo re  w e  h a v e  to  u s e  th e  P arlo g  p a ra m e te r iz a tio n  fo rm u la  w h ich  is th e  b e st o n e  fo u n d  up  

to  n o w  fo r th is  k ind o f w ork .

* This work is being supported by CRSNG.

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-A9] Semiconductors / Semiconducteurs
(DCMMP/DPMCM)

MONDAY, JUNE 14 
LUNDI, 14 JUIN

10h00 - 12h30

[  R o o m /S a l le  :  B a llr o o m  A  ] C h a ir :  M . T h e w a lt, S F U

M O -A 9 -1  1 0 h 0 0

D ilu te  N itrid e  M u ltip le -Q u a n tu m -W e ll L ight S o u rc e  fo r  O p tic a l C o h e re n c e  T o m o g ra p h y *, S c o t t  W e b s t e r 1, D .A . B e a to n  1, E . N o d w e l l1, T. T ie d je  1, E .C . Y oung  1, N .R . Z a n g e n b e rg  1 
a n d  A .F . U m y sk o v  2, 1 University of British Columbia a n d  2Z e c o te k  In n o v atio n s  —  O p tic a l c o h e re n c e  to m o g ra p h y  (O C T )  is a n  e m e rg in g  m e d ic a l im ag in g  te c h n iq u e  th a t is 
p re se n tly  lim ited  by th e  lack  o f an  in e x p e n s iv e  light s o u rce  o f s u itab le  b rig h tn e s s , w ith  a  w id e  s p ec tru m  (> 1 0 0 n m ) in th e  n e a r  in fra red  (8 0 0 -1 5 0 0 n m ). W e  a re  e xp lo ring  a  n e w  type  
o f s em ic o n d u c to r  light s o u rce , b a se d  on  G a  1 I n y N xA s  ^  d ilu te  n itride  m u ltip le -q u a n tu m -w e ll s tru c tu res , th a t h a s  th e  po te n tia l to  s o lv e  th is  p ro b le m . O u r  d e s ig n  c o n ce p t 
in vo lv e s  an  op tica lly  p u m p e d  s e m ic o n d u c to r w a v e g u id e  d e v ic e  consis ting  o f a  s e r ie s  o f  d e -c o u p le d  q u a n tu m  w e lls  o f d iffering  co m p o sitio n  to  a c h ie v e  th e  n e c e s s a ry  s p ec tra l 
ra n g e . In o rd e r to  m a x im iz e  th e  b righ tness, th e  s o u rce  w ill be  o p e ra te d  a t low  te m p e ra tu re  (1 0 0 K ) , in a  s u p e r lu m in e s c e n t m o d e . D ilu te  n itride  q u a n tu m  w e lls  a re  idea lly  su ited  to  
th is  ap p lic a tio n  a s  a  w id e  ra n g e  o f q u a n tu m  w e ll b ind ing  e n e rg ie s  c an  be  o b ta in e d  w h ile  m a in ta in in g  a  la ttice  m a tch  w ith  G a A s  s u b stra tes . S a m p le s  c o n ta in ing  G a In N A s  q u a n tu m  
w e lls  h a v e  b e e n  g row n  a t 4 5 0 C  by R F  p la s m a  ass is ted  m o le c u la r  b e a m  e p itax y  w ith  a n d  w ith o u t a  Bi s u r fa c ta n t[1]. T h e  p h o to lu m in e s c e n c e  s p e c tra  o f th e s e  s a m p le s  h a v e  b e en  
m e a s u re d  a s  a  func tion  o f te m p e ra tu re  fro m  2 0 -3 0 0 K  fo r both pu lsed  a n d  C W  e x c ita tio n . In a n d  N  c o n c e n tra tio n s  ra n g e d  fro m  3 -2 8 %  a nd  0 -1 %  re sp e c tive ly  w ith  q u a n tu m  w ell 
e m is s io n  w a v e le n g th s  fro m  8 2 0  to  1 1 6 0 n m . C h a n g in g  th e  te m p e ra tu re  an d  p um p w a v e le n g th  con tro ls  th e  d istribution  o f c arr ie rs  in th e  w e lls  a nd  th e  s h a p e  o f th e  e m is s io n  s p e c ­
tru m . A  th re e -q u a n tu m -w e ll s tru c tu re  h a s  b e en  fa b ric a te d  w ith  an  em is s io n  s p e c tru m  c en tred  a t 1 0 0 0 n m  w ith  1 1 0 n m  F W H M  a t 1 0 0 K .

1. S. Tixier et al., J Cryst Growth 251, 449 (2003).
* This work is being supported by NSERC.

M O -A 9 -2  1 0 h 1 5

C lu s te rin g  o f G a  on G a A s  (1 0 0 ) *, K e l ly  A .L .  S h o r l in  a nd  M . Z in k e -A llm a n g , University of Western Ontario —  T h in  film  fo rm a tio n  is an  im p o rtan t fie ld  o f  s tudy both fo r th e  fu n ­
d a m e n ta l p hysics  an d  th e  te c h n o lo g ic a l a p p lic a tio n s . In m a n y  s y s te m s  th e  th e rm o d y n a m ic  eq u ilib riu m  is c lu s te rs  on th e  s u b s tra te  ra th e r  th a n  th e  fo rm a tio n  o f a  un ifo rm  film  and  
th e  s tudy  o f  th e  grow th  p a ra m e te rs  is n e e d e d  to  d e te rm in e  th e  con d itio n s  w h ich  resu lt in film  fo rm a tio n . A n  o v e rv ie w  o f  c lus te ring  o f  G a  on G a A s  (1 0 0 )  is p re s e n te d . A  s h a p e  
c yc le  b e tw e e n  round a n d  re c ta n g u la r  c lu s te rs  is o b s erv e d  an d  th e  th e rm o d y n a m ic s  driv ing  th is  cyc le  is d isc u s se d . T h e  c lu s te r s iz e  a nd  sp atia l d is trib u tions  a re  d e te rm in e d  and  
c o m p a re d  to  th e o re tic a l pred ic tions .

* This work is being supported by University of Western Ontario.
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M O -A 9 -3  1 0 h 3 0

Change in Photoluminescence Spectrum of Infrared Coupled Multiple Quantum Wells*. H a d i R a s te g a r -M o g h a d d a m  1, Jochen Meyer1 and Shane Johnson 2, 1 University of 
British Columbia and 2Arizona State University — Change in the photoluminescence (PL) spectrum of multiple quantum wells (MQW) under the influence of intense infrared (IR) 
laser was investigated. Two A lxGa ^As/GaAs MQW samples, one symmetric and one asymmetric, were designed in such a way that their two conduction subbands would have 
a energy difference close to CO 2 laser that used as source of IR field. The samples were then grown by Dr. S. Johnson and his colleagues at the MBE laboratory of the Arizona 
State University. Using an amplified, frequency doubled Nd:YAG laser pulse, electrons were excited to the conduction band and with the help of CO2 laser light the two conduc­
tion subbands were IR-coupled to each other. Synchronization of visible and IR laser was achieved by designing a special electronic circuit. The samples were placed at the end 
of cold finger of a cryostat that was kept in 77 K. Collected PL light was sent to a monochrometer and the desire wavelength was guided to a photomultiplier tube (PMT). Using 
an integrator and computer the collected data were stored in specified files. First the symmetric sample was used and alteration of PL spectrum was investigated. For this sam­
ple because of parity, only transition from the first conduction subband (E1) to the first heavy hole valance subband (HH1) was allowed (E1-HH1 emission). To our knowledge for 
the first time the doublet structure in PL spectrum of QW in presence of IR fields was observed. For the asymmetric sample both e1-hh1 and e2-hh1 were allowed and in experi­
ment both of them were analyzed. Again for the first time “emission hole” or “dark line” effects for e2-hh1 emission were observed. Also the effects of detuning, to positive and 
negative energy shifts and the relationship between the peak of PL spectrum and the intensity of IR laser were studied and compared to the theory.
* This work is being supported by NSERC.

M O -A 9 -4  1 0 h 4 5

Controlled Modification of Quantum Heterostructures by Ion Implantation Induced Defects*, F r a n c o is  S c h ie t te k a t te  1, M. Chicoine1, S. Chevobbe2, D. Barba2, V. Aimez2,
C. Dion 3, P. Desjardins3, S. Raymond 4, 1 Université de Montréal, 2 Université de Sherbrooke, 3 École Polytechnique de Montréal and 4Conseil National de Recherche du Canada 
— Defects generated by low energy ion implantation can be used to controllably blueshift the emission wavelength of InP-based heterostructures intended for optoelectronic 
applications. Results obtained for both quantum well and self-assembled quantum dot structures are presented and compared. The quantum well structures, grown by chemical 
beam epitaxy, consist of a lattice-matched 5 nm InGaAs quantum well in between 20 nm InGaAsP barriers on InP(001). P and As ions are implanted at 200 keV in the 1-pm-thick 
InP cladding layer. Intermixing starts to be observed during thermal annealing at temperatures about 50°C below that for thermally induced intermixing (~700°C). The maximum 
blueshift (~100 nm) is obtained for ion fluences above 1x10 14 at/cm2 and implant temperature of 200°C. While intermixing only occurs at elevated temperatures, channeling 
measurements after implantations at 200°C indicate a long dechanneling tail, attributed to a significant in-depth diffusion of the defects during the implantation. The quantum dot 
structures consist of self-assembled InAs quantum dots, 3-5 nm thick and 18-42 nm in diameter, grown by metal-organic chemical vapour deposition on InP(001), capped with 
200 nm InP, and implanted with 30 keV P ions. This time, a fluence of 1x10 12 P/cm2 and annealing temperatures of only 500°C are sufficient to induce a 370 nm blueshift, the 
quantum dots then emitting at a wavelength close to that of their wetting layer. This blue shift can namely be explained by an optimal ratio between the inter-diffusion length and 
the structures size, and a three-dimensional geometry for which diffusion produces more intermixing. Still, these results give an important insight into the role played by ion 
implantation generated defects at relatively low temperature in InP-based structures.
* This work is being supported by CRSNG & FQ RNT

1 1 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé  

M O -A 9 -5  1 1 h 3 0

Tailoring the Dimensionality of Gold Chains on Silicon, M a r k  G a l la g h e r 1, Jason Crain 2, Jessica McChesney 2, Fan Zheng 2, Franz Himpsel2, Paul Snijders 3 and Steve Irwin 4,
1 Lakehead University, 2 University of Wisconsin-Madison, 3 Delft University, The Netherlands and 4 Naval Research Laboratory, Washington — For observing the exotic proper­
ties predicted for electrons in one-dimension, it is desirable to have one-dimensional solids with tunable electronic properties. We have explored gold atom chains on stepped sili­
con surfaces using a combination of scanning tunneling microscopy and angle-resolved photoemission [1]. It is shown that the interchain coupling and the band filling can be 
adjusted systematically by varying the step spacing via the tilt angle from Si(111). Vicinal Si(111) surfaces with odd Miller indices, such as Si(335), Si(557), Si(553), Si(775), and 
others, form regular chain structures upon deposition of a fraction of a monolayer of gold. These chains exhibit metallic bands with nearly one-dimensional Fermi surfaces. From 
a tight binding fit to the data we find that band filling and inter-chain coupling can be varied from an intra-/inter-chain coupling ratio of 10:1 to >70:1. These findings suggest that 
self-assembled atomic chains represent a highly-flexible class of solids that approach the one-dimensional limit.

1. Crain et al, Phys Rev B 69 , 125401 (2004).

M O -A 9 -6  1 1 h 4 5

STM of Gold Induced Chains at Stepped Silicon Surfaces, L a u r a  P e d r i , Mark Gallagher and Laura Toppozini, Lakehead University — It has been predicted for some time that 
electrons confined to move in a single dimension will exhibit exotic behaviour. Recently, it has been demonstrated that gold induced chains on vicinal Si(111) may provide a model 
system with which to investigate many of these predictions[1]. These photoemission experiments have shown that the chain structures exhibit metallic bands with highly 1-d Fermi 
surfaces. To compliment k-space measurements, we have used scanning tunneling microscopy to investigate the real space atomic and electronic properties of several gold 
induced chains. Structures with different chain spacing are produced by varying the miscut angle and gold coverage. For example, the evaporation of 0.25 ML of gold onto a 
Si(775) surface produces chains running along the [110] direction spaced 2.13 nm apart.

1. Crain et al., Phys. Rev. Lett, 90 , 176805 (2003).

M O -A 9 -7  1 2 h 0 0

GISAXS Characterization of Nanostructures in Glancing Angle Deposited Films*, G is ia  B e y d a g h y a n  1, K. Robbie1, D. Schneider2 and M.A. Singh 1, 1 Queen’s University and
2 Brookhaven National Laboratory — The grazing incidence small angle x-ray scattering (GISAXS) technique was used to probe the nanostructure of glancing angle deposited 
(GLAD) silicon thin films. GLAD is a fabrication technique that combines oblique vapor incidence with dynamic control of substrate motion to make possible the design and engi­
neering of new materials with tailored structural details at the nanometer scale. The films of interest have been characterized using scanning electron microscopy and are known 
to exhibit pillar-like structures. GISAXS measurements were used for determination of pillar spacing, porosity, and average thickness. Synchrotron GISAXS measurements were 
performed at beamline X12B of the National Synchrotron Light Source (NSLS) of Brookhaven National Laboratory. The data were corrected for background and refraction effects, 
and clearly show sample scattering superimposed on the so-called Yoneda peaks from the film-substrate interface. Scattering in the direction parallel to the sample surface (q y) 
indicates the presence of an interaction peak while scattering perpendicular to the sample surface (q z) exhibits Bragg-like peaks due to density variation in the sample thickness. 
The GISAXS data are used to complement and extend existing information on the GLAD samples obtained from electron microscopy and ellipsometry measurements.

* This work is being supported by NSERC.

M O -A 9 -8  1 2 h 1 5

Damage in Self-Implanted Si: Channeling Compared to Nanocalorimetrie, R . K a r m o u c h , J-F. Mercure, Y. Anahory and F. Schiettekatte, Regroupement Québécois sur les 
Matériaux de Pointe (RQMP), Département de physique, Université de Montréal — Nanocalorimetry measurement of the ion-implanted defect dynamics in polycrystalline Si is 
presented. 30 keV Si -15 keV Si- and 15 keV C implantations have been performed at fluences ranging from 6.1011 to 8.1014 Si-/cm2, and the heat released as a function of 
temperature during scans between 30 and 450°C are presented. It is shown that the heat released has the same shape in all cases, indicating that kinetics of ion implantation 
defects annealing is independent of dose and implantation energy. It is also shown that the heat release starts to saturate around a fluence 1.1014 'Si-/cm2 while for similar flu­
ences, the damage in mono-crystalline Si is far from being saturated, according to channeling measurements. This would imply that further lattice disorder does not occur at the 
expense of more stored energy. The effect of changing of the fluence rate and time evolution on the released heat is also discussed.

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n
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[MO-A10] Particle Physics I / Physique des particules I MONDAY, JUNE 14 
LUNDI, 14 JUIN

(DCMMP/DPMCM)
10h00 - 12h30

[ R o o m /S a l le  : A lb e r t  ] C h a ir :  R . M a n n , U .W a te rlo o

M O -A 1 0 -1  1 0 h 0 0

M A R G A R E T  C A R R IN G T O N , B ra n d o n  U n ivers ity

Transpo rt T h e o ry  B e y o n d  B in a ry  C o llis io ns

T ra n s p o rt th e o ry  p ro v id es  a  p ractica l m e th o d  to  s tudy  m a n y -b o d y  none q u ilib riu m  s y s te m s, both re la tiv is tically  an d  n o nre la tiv is tica lly . T h e  con tribu tion  o f tw o -lo o p  s e lf-e n e rg y  d ia ­
g ra m s  to  th e  collis ion te rm  in th e  tra n s p o rt e q u a tio n  c an  be  u n d e rs to o d  physica lly  in te rm s  o f b inary  c o llis io ns. C o n s e q u e n tly , it’s  su ffic ient to  w o rk  a t 2 -lo o p  o rd e r on ly  if it’s  tru e  
th a t d iss ipa tion  p ro c e s s e s  a re  d o m in a te d  by b inary  c o llis io ns. W h e n  d e a lin g  w ith  a  re la tiv is tic  s y s te m  a t h igh e n e rg y  an d  density , m u lti-p a rtic le  in te rac tio n s  an d  production  
p ro c e s s e s  w ill be  p re se n t, a n d  th u s  th e  b inary  collis ion a p p ro x im a tio n  w ill not be  a d e q u a te . T h e  q u a rk -g lu o n  p la s m a  is a  p ro m in en t e x a m p le  o f such  a  s ys te m . W e  c a lc u la te  c o n ­
trib u tio n s  to  th e  collis ion  te rm  fro m  s e lf-e n e rg y  d ia g ra m s  a t th re e  loops, a n d  s h o w  th a t th e s e  con trib u tio n s  co rres p o n d  to  m u lti-p a rtic le  co llis io ns  a n d  production  p ro c es s es .

M O -A 1 0 -2  1 0 h 3 0

C H A R L E S  G A L E , M c G ill U n ivers ity

E le c tro m a g n e tic  S ig n a ls  F ro m  M a tte r  U n d e r E x tre m e  C o nd itio ns

R e la tiv is tic  n u c le a r  co llis io ns  o ffe r  th e  un iq u e  o pportun ity  o f  c rea tin g  a n d  s tudyin g  m a tte r  u n d e r e x tre m e  cond itions  o f te m p e ra tu re  a n d  density , in th e  labo ra to ry . P e n e tra tin g  
p ro b e s  a re  a  g re a t a s s e t in th e  in te rp reta tion  o f  th e  s tro n g ly -in te ra c tin g  m a n y -b o d y  s ta tes  th u s  c re a te d . W e  w ill d iscuss  w h a t h a s  b e e n  lea rn t th ro u g h  m e a s u re m e n ts  o f  e le c tro ­
m a g n e tic  rad ia tion  in re la tiv is tic  h e av y -io n  re ac tio n s . W e  shall a ls o  ou tlin e  s o m e  o f th e  p red ic tio n s  th a t w ill soon  be  te s te d  a t R H IC , a n d  a t o th e r  up c o m in g  fac ilities .

M O -A 1 0 -3  1 1 h 0 0

R A N D Y  L E W IS , U n ivers ity  o f R e g in a  

L a ttic e  Q C D  P h e n o m e n o lo g y  a n d  its  L im its

T h e  s tru c tu re  an d  p ro p e rtie s  o f h a d ro n s  can  be  s tu d ied  c o m p u ta tio n a lly  using la ttice  fie ld  theory . C o m p a ris o n  to  n a tu re  c o m e s  a fte r  e x tra p o la tio n s  to w a rd  th e  ch ira l lim it, th e  c o n ­
tin u u m  lim it a nd  th e  infin ite  v o lu m e  lim it. L a ttic e  Q C D  resu lts  fo r  s p ec ific  hadron  fo rm  fa c to rs  w ill b e  p re s e n te d , a n d  e x tra p o la tio n s  w ill be  d isc u s se d  in th e  c o n te x t o f e ffe c tiv e  fie ld  
theory .

M O -A 1 0 -4  1 1 h 3 0

G U Y  M O O R E , M c G ill U n ivers ity

S trong  B o u n d s  on  L o re n tz  S y m m e try  V io la tion

T h e  h ighest e n e rg y  c o sm ic  ra ys  o b s e rv e d  a re  h a d ro n s , w ith  e n e rg ie s  in e x c e s s  o f  1 0 11 G e V . I s h o w  h o w  th e  e x is te n c e  o f s uch  h a d ro n s  (w ith  th e  a ss u m p tio n  th a t th e y  got th e ir  
e n e rg y  th ro u g h  a c c e le ra tio n  by o rd in a ry  e le c tro m a g n e tic  fie ld s ) v ery  s trongly  c o n stra in s  L o re n tz  s y m m e try  v io la tio n . T h e  d iffe re n ce  in m a x im u m  p ro p a g atio n  s p e e d s  o f d iffe ren t 
S ta n d a rd  M o d e l pa rtic le s  a re  g e n e ra lly  c o n stra in e d  to  b e  less  th a n  a b o u t 1 0 -22. N o n -re n o rm a liz a b le , C P T  c o n se rv in g  (d im e n s io n  6 ) L o re n tz  v io la tin g  o p e ra to rs  a re  c o n stra in e d  to  
a ris e  a t a  s c a le  o v e r a n  o rd e r o f m a g n itu d e  a b o v e  th e  P la n c k  s c a le .

* In collaboration with O. Gagnon, McGill University.

M O -A 1 0 -5  1 2 h 0 0

R O B E R T  B .  M A N N , U n ivers ity  o f W a te r lo o

R e v is e d  R a d ia tive  E le c tro w e a k  S y m m e try  B re a k in g : F u r th e r  R e su lts t* ,

In th e  a b s e n c e  o f a  s c a la r  fie ld  m a s s  te rm , th e  full s e t o f lea d in g  lo g a rith m  te rm s  fo r th e  (s in g le  H ig g s -d o u b le t) S ta n d a rd -M o d e l’s  e ffe c tiv e  po te n tia l invo lving th e  d o m in a n t th re e  
contribu ting  s ta n d ard  m o d e l c o u p lan ts  (λ , g t ,  α  s) h a s  b e e n  e x tra c te d  v ia  re n o rm a liz a tio n -g ro u p  m e th o d s  to  all o rd e rs  o f  pertu rb a tio n  theory . R a d ia t iv e  s y m m e try  b re ak in g  o c cu r­
ring w ith in  th is  e ffe c tiv e  po ten tia l h a s  b e en  sh o w n  to  lea d  to  a  m a s s  o f 2 1 6  G e V  fo r th e  H ig g s  p artic le . T h e  resu lting  a ll-o rd e rs  s u m m a tio n -o f-le a d in g -lo g s  e ffe c tive  po te n tia l can  
b e  o b ta in e d  a n a ly tica lly  in th e  limit Q C D  is tu rn e d  off, an d  is s e e n  to  re q u ire  a n  o n s e t o f n e w  p hysics  a t th e  5  T e V  s c a le . In co rp o ratio n  o f  th e  s e t o f a d d itio n a l lea d in g  logarithm  
con trib u tio n s  s e n s itive  to  th e  e le c tro w e a k  g a u g e  c oup lin g  c o n stan ts  (g 2,g ’)  is sh o w n  to  e le v a te  th e  p re d ic te d  v a lu e  fo r th e  H ig g s  m a s s  to  2 2 4  G e V .

* In collaboration with V. Elias1, D.G.C. McKeon1 and T.G. Steele2, 1University of Western Ontario, and 2University of Saskatchewan 
** This work is being supported by NSERC.

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-A11]

(All orgs.)

Opening Greetings for Imaging Session / Accueil pour la session sur 
l'imagerie

MONDAY, JUNE 14 
LUNDI, 14 JUIN

10h20-10h30

[  R o o m /S a l le  : B a l lr o o m s  B /C  ] C h a ir :  J . E n g lis h ,  U .M a n ito b a

[MO-A12] Scientific Images in the Public Sphere / Les images scientifiques 
dans la sphère publique

(DCMMP/DPMCM)

MONDAY, JUNE 14 
LUNDI, 14 JUIN

10h30 - 12h30

[  R o o m /S a l le  : B a l lr o o m s  B /C  ] C h a ir :  M . C a m p b e ll,  U. W a te rlo o
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M O -A 1 2 -1  1 0 h 3 0

F. P E T E R  O T T E N S M E Y E R , U n iv ers ity  o f Toronto

Im a g e s  o f  the  In v is ib ly  S m a ll: fro m  A to m s  to  B io m a c ro m o le c u la r  S truc tu re  a n d  F un ction

In th e  last fo u r d e c a d e s  d e v e lo p m e n ts  in in stru m en tatio n  in e le c tro n  m icroscopy, in te c h n iq u e s  a n d  in s p e c im e n  p re p ara tio n  h a v e  m a d e  it pos sib le  to  im a g e  p ro te in s  s uch  a s  th e  
insu lin  recep to r, n uc le ic  a c id s , p e p tid e s  s uch  a s  v a s o p re s s in , a n d  e v e n  ind ividual a to m s  such a s  p a lla d iu m , iod ine  a n d  su lphur. W h ile  s o m e  o f th e  im a g e s  o f th e s e  s m all th ings  
a re  s p e c ta c u la r, an d  e v e n  b e au tifu l, it is a n o th e r c h a lle n g e  to  d e riv e  th e  3 D  s tru c tu re  o f b io m a c ro m o le c u le s  an d  th e ir  c o m p le x e s  fro m  such 2 D  re p re s e n ta tio n s  o f reality . O v e r  th e  
y e a rs  a  n u m b e r o f  im a g e  p ro c es s in g  a p p ro a c h e s  fo r  3 D  reconstruc tion  w e re  d e v e lo p e d , a n d  a re  still be in g  im p ro ve d , fo r  s tru c tu res  w ith  h igh in te rn a l sym m e try , o r la te ra l 2 D  s y m ­
m etry, o r o n e  o r a  fe w  highly p re fe rre d  o rien ta tio n s , o r fo r  s tru c tu res  th a t w e re  c o m p le te ly  ra n d o m ly  o rien ted  w h e n  im a g e d . In s o m e  in s tan c e s  th e  im a g e s  w e re  su ffic ien t to  d e riv e  
a to m ic  c o o rd in a te s , such  a s  fo r  b a c te rio rh o d o p s in ; but such  reso lu tion  d e ta il h a s  not b e en  a c h ie v e d  in g e n e ra l. N e v e r th e le s s , e v e n  a t lo w e r reso lu tio n , th e  s tru c tu res  deriv e d  
s e rv e  a s  c ruc ia lly  im p o rtan t 3 D  te m p la te s  o f th e  c o m p le x e s  into w h ich  to  fit s m a lle r  c o m p o n e n t d o m a in s  fo r w h ich  th e  s tru c tu res  h a v e  b e en  so lv e d  by x -ra y  c rys ta llo g ra p h y  or 
N M R . W h ile  such  a  c onstruct is still a  s ta tic  entity , fo r s o m e  th e  s tru c tu re  itself h a s  lea d  to  a n  u n d e rs tan d in g  o f th e ir  fun c tio n , a n d  o f th e  c h em is try  a n d  th e  m e c h a n ic s  by w h ich  
th a t func tion  is c arried  ou t. F ro m  initial m icro sco p y  to  th e  fin a l 3 D  m e c h a n is m , th is  p ro c es s  o f d isc o v ery  is d riven  by im a g e s , a n d  so  is a c c e s s ib le  an d  u n d e rs ta n d a b le  in princip le  
by all.

M O -A 1 2 -2  1 1 h 0 0

A U S T IN  R O O R D A , U n iv ers ity  o f  H o u s to n  C o lle g e  o f O p to m e try

F ro m  T e le sco p e s  to  O p h th a lm o sco p e s : A d a p tive  O p tic s  fo r  M ic ro sco p ic  Im a g in g  o f  the  L iv in g  E ye

A d a p tiv e  op tics  (A O )  d e s c rib e s  a  s e t o f te c h n iq u e s  to  m e a s u re  an d  c o m p e n s a te  fo r  op tica l a b e rra tio n s  th a t c a u s e  b lu r in im a g e s . A O  w a s  in ve n te d  to  re m o v e  th e  b lur in a s tro ­
no m ica l im a g e s  fro m  ground  b a se d  te le s c o p e s  c a u s e d  by p h a s e  d is to rtions  c a u s e d  by tu rb u le n c e  in th e  e a r th ’s  a tm o s p h e re . In th e  last d e c a d e , th e  s a m e  te c h n iq u e s  h a v e  b een  
a p p lie d  in o p h th a lm o s c o p e s  to  co rrec t fo r op tical a b e rra tio n s  o f th e  h u m a n  e y e . U s in g  A O , m icro s c o p ic  fe a tu re s , such  s in g le  c o n e  p h o to rec ep to rs  a n d  d y n a m ic  b lood flo w  in th e  
s m a lle s t c a p illa rie s , a re  re v e a le d  in th e  e y e . T h e  m ost im p o rtan t a s p e c t o f  A O  im ag in g  is th a t it o ffers  n o n in v as ive  im ag in g  fo r living, func tion ing  e y e s , w h ich  fa c ilita te s  e ffo rts  to  
re la te  s truc tu re  to  fun c tio n . A p p lic a tio n s  ra n g e  fro m  th e  s tudy o f  b as ic  v is u a l p ro c e s s e s  to  th e  iden tification  o f p h e n o ty p e s  fo r spec ific  g e n o ty p e s  o f b lind ing  e y e  d is e a s e s . In th is  
ta lk , w ill d e s c rib e  th e  te c h n iq u e s , d isc u s s  th e  a p p lic a tio n s  a n d , o f c o u rse , d isp la y  th e  im ag e s .

M O -A 1 2 -3  1 1 h 3 0

C A R O L  C H R IS T IA N ,  S p a c e  T e le s c o p e  S c ie n c e  Institu te  

P u b lic  Im p a c t o f  S c ie n tific  Im a g e s : E x a m p le s  fro m  S p a ce  S c ience

P u b lic  in te res t in sc ien tific  fin d in g s  c an  be  g re a tly  e n h a n c e d  th roug h  th e  u s e  o f im ag e ry  a u g m e n te d  w ith  s u itab le  b a ck g ro u n d  m a teria ls . A s  an  e x a m p le , S p a c e  S c ie n tis ts  
(a s tro n o m e rs , s o la r  s y s te m  e xp e rts , e tc .) h a v e  le a rn e d  th a t p e rs is te n t d iss e m in a tio n  o f n e w  resu lts , s h o w c a s e d  th ro u g h  im agery , c an  h a v e  a  positive  e ffe c t on th e  su p p o rt o f th e ir  
d isc ip line  by fe d e ra l a g e n c ie s . Today, th e  physica l s c ie n c e s  m ust c o m p e te  w ith  h e a lth c a re , security , a n d  socia l s c ie n c e  iss u e s  to  ob ta in  s u itab le  fu n d in g . T h e  u s e  o f im ag e ry  is 
o n e  p o w e rfu l too l th a t can  b e  u sed  to  ra is e  public  a w a re n e s s , im p ro ve  public  p e rce p tio n  o f  s c ie n c e  a n d  th e re b y  g a rn e r  fisca l stab ility  fo r b as ic  re se arc h .

M O -A 1 2 -4  1 2 h 0 0

M IC H A E L  B R O N S K IL L ,  S u n n y b ro o k  a n d  W o m e n ’s C o lle g e  H e a lth  S c ie n c e s  C e n tre , U n ivers ity  o f Toronto  

Im a g in g  P h ys ics  M e e ts  P u b lic  P e rce p tio n : Is  P riva te  M R I B a d ?

T h e  c lin ical a p p lic a tio n s  o f N M R  in th e  fo rm  o f m a g n e tic  re s o n a n c e  im ag in g  (M R I)  h a v e  n o w  m a tu re d  o v e r  tw e n ty  y e a rs . T h e ir  im pact a n d  s ig n ific a n ce  h a v e  a lre a d y  b e en  re c o g ­
n ized  w ith  tw o  N o b e l P r iz e s  in M e d ic in e . O rig in a lly  im p le m e n te d  to  p rov id e  d e ta ile d  a n a to m ic a l im a g e s  o f soft tis su e s , c lin ical M R I is n o w  d e v e lo p in g  c ap a b ilit ie s  fo r obta in ing  
m uch m o re  s o p h is tic a ted  in fo rm ation  a b o u t th e  h u m a n  body by m e as u rin g  p h ysio log ica l fu n c tio n s  a n d  by prov id ing  g u id a n c e  a nd  m on ito ring  o f in te rve n tio n s  a n d  th e ra p ie s . T h e s e  
c a p a b ilit ie s  w ill b e  illustra ted  briefly  w ith  s o m e  e x a m p le s  o f M R  a n g io g rap h y , fu n c tio n a l M R I o f th e  b ra in , a nd  m on ito ring  o f te m p e ra tu re  during  e x p e rim e n ta l th e rm a l th e ra p y . 
D e s p ite  th e s e  re m a rk a b le  c ap a b ilit ie s , M R I re m a in s  a  c uriou sly  restric ted  re so u rc e  in th e  C a n a d ia n  he a lth  c a re  s y s te m . T h e  h istory  a n d  logic beh ind  th is  fa irly  rigid contro l o f  M R I 
s y s te m s  w ill be  e x a m in e d , using  th e  s ituatio n  in O n ta r io  a s  th e  p rim e  e x a m p le . A t a  tim e  w h e n  public  e x p e c ta tio n s  o f high te c h n o lo g y  m e d ic a l im ag in g  a re  fu e le d  by instant 
In te rn e t k n o w le d g e , d o e s  th is  pa tte rn  o f  restric tion  m a k e  s e n s e ?  Is  th e re  e c o n o m ic  e v id e n c e  th a t M R I is to o  e x p e n s iv e  fo r m a in s tre a m  C a n a d ia n  m e d ic a l p ra c tic e ?  In particu lar, 
th e  m e d ia  re p re s e n ta tio n  o f “p r iv a te ” M R I a s  a  po te n tia l v io la tion  o f  th e  un iversa lity  o f C a n a d ia n  he a lth  c a re  b e c a m e  a  politica l issue  in th e  re ce n t O n ta r io  p rov in c ia l e le c tio n . T h is  
c o n c e p t w ill be  e x p lo re d  in an  a tte m p t to  d e te rm in e  w h e th e r  p riva te  M R I re a lly  is bad .

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-A13]

(CASCA)

CASCA JCMT User’s Meeting /
Réunion des utilisateurs du TJCM de la CASCA

MONDAY, JUNE 14 
LUNDI, 14 JUIN

12h30 - 13h20

[  R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  L . K n e e , N R C

[MO-A14]

(CAP/ACP)

Past Presidents' Lunch / Déjeuner des anciens présidents MONDAY, JUNE 14 
LUNDI, 14 JUIN

12h30 - 13h30

[  R o o m /S a l le  : H e a r t la n d  B o a r d r o o m  ] C h a ir :  W.J. M c D o n a ld , U .A lb e r ta

[MO-P1]

(CASCA)

Herschel Space Observatory Information Session / Session d'infor­
mation sur l'observatoire spatial Herschel

MONDAY, JUNE 14 
LUNDI, 14 JUIN

13h25 - 14h15

[  R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  M . F ic h , U .W a te rlo o
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[MO-P2]

(C AP-CRM / 
ACP-CRM  )

CAP-CRM Medal Winner / Récipiendaire de la médaille ACP-CRM MONDAY, JUNE 14 
LUNDI, 14 JUIN

13h30 - 14h15

[ R o o m /S a l le  : B a llr o o m  A  ] C h a ir :  W.J. M c D o n a ld , U .A lb e r ta

M O -P 2 -1  1 3 h 3 0

J IR I P A T E R A , U n iv e rs ité  d e  M o n tré a l

Deterministic Aperiodic Multidimensional Point Sets, Their Properties And Exploitation
In v e n te d  o rig ina lly  a s  m o d e ls  o f q u a s ic rys ta ls , s uch  point s ets  h a v e  b e e n  s tu d ied  in re ce n t y e a rs . T h e y  c lose ly  re s e m b le  la ttices  in s p ite  o f a  c o m le te  lack  o f period ic ity ; th e y  c o n ­
ta in  no perio d ic  s u b se ts . T h e ir  a p p lic a tio n s  a re  s o fa r  fe w  e v e n  if w id e  ran g in g . S o m e  o f th e m  w ill b e  d e sc rib ed  in th e  ta lk .

1 4 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-P3] CAP-INO Medal Winner / Récipiendaire de la médaille ACP-INO Mo n d a y , Ju n e  14
LUNDI, 14 JUIN

(C AP-INO /A CP-INO )
13h30 - 14h15

[ R o o m /S a l le  : V ic to r ia  ] C h a ir :  P. G a la rn e a u , IN O

M O -P 3 -1  1 3 h 3 0

N IC O L A S  J A E G E R , U n iv ers ity  o f  B ritish C o lu m b ia

Optical Sensors for Power Utility Applications

It is c le a r  th a t op tica l s e n s o rs  a n d  s e n s o r s y s te m s  w ill incre a s in g ly  find a p p lic a tio n s  in p o w e r tra n s m is s io n  s y s te m s  d u e  to  th e  n u m e ro u s  a d v a n ta g e s  th a t th e y  c an  o ffe r o v e r  c o n ­
v e n tio n a l s y s te m s . T h e s e  a d v a n ta g e s  typ ica lly  inc lude  sm all s ize , light w e ig h t, high a c c u rac y , low  cost, im m un ity  to  e le c tro m a g n e tic  in te rfe re n c e , an d  c om patib ility  w ith  th e  d ig ita l 
su b sta tio n  o f th e  fu tu re . A d d itiona lly , op tica l in s tru m en t tra n s fo rm e rs  c an  o ffe r m uch w id e r  b a n d w id th s , a re  lig h te r a n d  th e re fo re  e a s ie r  to  install, a n d  a re  m o re  e n v iro n m e n ta lly  
fr ie n d ly  th a n  c o n ve n tio n a l in s tru m en t tra n s fo rm e rs . F ib e r-o p tic s -b a s e d  s en s o rs , a  s u b s e t o f op tica l s en s o rs , ty p ica lly  p rov id e  th e  m ost re duction  in s iz e , com plex ity , a n d  cost a s  
w e ll a s  in c re a s e d  p e rfo rm a n c e  a s  c o m p a re d  to  b u lk -o p tic  d e v ic e s . A s  op tica l s e n s o rs  a re  g a in ing  g ro u n d  in re v e n u e  m e te rin g , e q u ip m e n t m on ito ring , p ro tec tion , a n d  contro l a p p li­
c a tio n s , th e ir  c o m p a c tn e s s  is a llow ing  d e s ig n e rs  to  c o m b in e  m u ltip le  s e n s o rs  into a  s in g le  unit red u cin g  p e r unit a nd  installa tion  costs  w h ile  occu p y in g  les s  re a l e s ta te  in th e  s u b ­
s ta tio n . F o r  e x a m p le , d e s ig n e rs  h a v e  b e e n  a b le  to  c o m b in e  v o lta g e  an d  c u rren t in s tru m en t tra n s fo rm e rs  in a  s in g le  unit an d  in co rp o ra te  e ith e r  o r both in o th e r  s u bstation  e q u ip ­
m e n t such  a s  p o w e r c ircuit b re a k e rs . It is in cre a s in g ly  a p p a re n t th a t, d u e  to  th e ir  im p ro ve d  p e rfo rm a n c e  a n d  o th e r a d v a n ta g e s , op tica l s e n s o r s y s te m s  w ill p lay  a  la rg e  ro le  in th e  
p o w e r utility industry  o f th e  fu tu re .

1 4 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-P4]

(CASCA)

Demonstration of Karma Visualization Software / Démonstration du 
logiciel de visualisation Karma

MONDAY, JUNE 14 
LUNDI, 14 JUIN

13h30 - 14h00

[ R o o m /S a l le  : S tr a th c o n a  ] C h a ir :  J . E n g lis h ,  U .M a n ito b a

[MO-P5]

(CAP/ACP )

High School Teachers' Workshop / Atelier pour les enseignant(e)s de 
la physique
(s e e  p a g e  18  fo r  d e ta ils  /  v o ir  p a g e  1 8  p our le p ro g ra m m e )

MONDAY, JUNE 14 
LUNDI, 14 JUIN

13h35 - 15h30

[ R o o m /S a l le  : C o lb o u r n e  ] C h a ir :  P. M itc h le r ,  M a n ito b a

[MO-P6]

(All Orgs)

Scientific Imaging in the Public Sphere / L'imagerie scientifique dans 
la sphère publique

MONDAY, JUNE 14 
LUNDI, 14 JUIN

14h15 -14h45

[ R o o m s /S a l le s  

M O -P 6 -1

: B a llr o o m s  B /C  ] 

1 4 h 1 5

C h a ir :  J . E n g lis h ,  U .M a n ito b a

P E T E R  C A L A M A I,  T h e  Toronto  S ta r  

Don’t Overlook Images Created with Words
M a n y  n e w s w o rth y  d e v e lo p m e n ts  in d iffe re n t fie ld s  o f p hysics  d o n ’t re ad ily  lend  th e m s e lv e s  to  an  illustration e as ily  u n d e rs to o d  by th e  g e n e ra l pub lic . In s o m e  in s tan c e s  th e  u s e  o f 
a n  illustration c an  ac tu a lly  be  m is le ad in g . It ’s  a  s a fe  b e t th a t th e  p lan eto id  S e d n a  d o e s n ’t ac tu a lly  look  m uch like th e  a rtis t’s  d ra w in g s  w id e ly  u sed  w ith  th e  d isc o v ery  a n n o u n c e ­
m e n t. N o r did B e a g le  2  a c tu a lly  flo a t u n h a rm e d  to  th e  s u rfa c e  o f M a rs , th e  im a g e  th a t m o s t p e o p le  still h a v e  in th e ir  m inds. S o m e  im a g e s  c an  a ls o  be  little m o re  th a n  pretty  w a ll­
pa p er, c o n ve y in g  no in fo rm atio n  by th e m s e lv e s , i.e. p e o p le  d o n ’t k n o w  w h a t th e y  a re  s e e in g  until th e y  a re  to ld  in a  cap tio n  o r e v e n  in a  s e p a ra te  a rtic le . A s tro n o m ic a l im a g e s  
o ften  fa ll in th is  c ateg o ry . F o r th e s e  re a s o n s  it’s  im p o rtan t to  re m e m b e r  th a t th e  w o rd s  in a  m e d ia  a c c o u n t c an  a ls o  b e  u sed  to  c o n v e y  pow erfu l im a g e s  to  th e  public . F o r  m a ss  
m a rk e t, da ily  n e w s p a p e rs  in C a n a d a , I e s t im a te  th a t is th e  c a s e  in a t lea s t tw o -th ird s  o f  p ub lish ed  a c c o u n ts  a b o u t d e v e lo p m e n ts  in p hysics. M y  re m a rk s  w ill o ffe r g u id e lin e s  fo r  
d e c id in g  w h e n  w o rd  im a g e s  a re  m o re  a p p ro p ria te  (th an  p ictu re  im a g e s ) an d  te c h n iq u e s  fo r  re s e a rc h e rs  to  he lp  jo u rn a lis ts  pa in t p hysics  in w o rd s

1 4 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n
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Résumés des sessions orales

[MO-P7] The Precision Frontier in Particle Physics / La frontière de la préci- 
(Aii Orgs) sion en physique des particules

MONDAY, JUNE 14 
LUNDI, 14 JUIN

14h15 -18h00

[ R o o m /S a l le  : B a llr o o m  A  ] C h a ir :  D . K a r le n , U .V ic to r ia

M O -P 7 -1  1 4 h 1 5

J . M IC H A E L  R O N E Y , U n ivers ity  o f  V ic to ria  

Recent Results from the BaBar Experiment
T h e  B a b a r  e x p e rim e n t h a s  a c c u m u la te d  ~ 2 0 0 /fb  o f e + e -  collis ion d a ta  a t o r n e a r  th e  T (4 S )  re s o n a n c e  on S L A C ’s P E P -II  s to ra g e  rings. P E P -II  c o n tin u e s  to  re liab ly  d e liv e r  in c re a s ­
ing lev e ls  o f lum inosity  in e x c e s s  o f tw ic e  th e  d e s ig n . T h e  c u rren tly  a n a ly z e d  d a ta  p ro v id es  s a m p le s  o f O (1 0 8) BB a n d  τ + τ -  e v e n ts . W e  w ill report on  re ce n t resu lts  fro m  B a B a r  
includ ing  m e a s u re m e n ts  o f th e  C P  a s y m m e tr ie s  an d  th e  |Vub| C K M  m atrix  e le m e n t a s  w e ll a s  resu lts  o f s e a rc h e s  fo r ra re  a n d  s ta n d ard  m o d e l-fo rb id d e n  d e c a y s  o f th e  B -m e s o n  
a n d  τ -le p to n .

M O -P 7 -2  1 4 h 4 5

J O S E P H  L L O Y D  M IL D E N B E R G E R , T R IU M F

Latest Results from the Search for K  + ^  π +νν

B ro o k h a v e n  e x p e rim e n t E 9 4 9  c o n tin u e s  th e  s e a rc h  fo r th e  ra re  d e c a y  K  + ^  π +ν ν , p re d ic te d  by th e  S ta n d a rd  M o d e l to  o c c u r a t a  b ra n ch in g  ratio  o f (0 .7 7  ±  0 .1 1 )  x  1 0 -10. T h is  
ta lk  d e s c rib e s  th e  la tes t resu lts  fro m  d a ta  ta k e n  in 2 0 0 2  a n d  p ro v id es  an  u p d a te d  b ranch ing  ratio  in c o m b in a tio n  w ith  p rev ious ly  re p o rte d  d a ta  fro m  E 7 8 7 .

M O -P 7 -3  1 5 h 1 5

M e a s u re m e n t o f th e  B ^  π /  π0 /  η l ν  B ra n ch in g  R a tio s  U s ing  S e m ile p to n ic  T a g s  in th e  B a B a r  E x p e r im e n t, S y lv ie  B r u n e t ,  Université de Montréal —  T h e  b ra n ch in g  ra tio  m e a s ­
u re m e n t o f th e  ra re  s e m ilep to n ic  d e c a y s  b ^  u l ν  c an  lea d  to  a  m o re  p re c is e  e x tra c tio n  o f |V ub |, o n e  o f th e  les s  know n  e le m e n ts  o f th e  C K M  m atrix . T h is  a n a ly s is  u s es  a  n e w  
a n d  c le v e r  w a y  o f  m e as u rin g  th e s e  c h a n n e ls  by using  s e m ile p to n ic  ta g s . T h a t te c h n iq u e  le a d s  to  a  m u ch  c le a n e r  s a m p le  th a n  th e  tra d itio n a l n e u trino  reconstruc tion  m e th o d  a t, 
h o w e ve r, a  cost in s ta tis tics  th a t c an  be  c o m p e n s a te d  by th e  h igh lum inosity  p ro v id ed  by P E P II a t th e  S tan fo rd  L in e a r  A c c e le ra to r  C e n te r . A t th e  Y (4 S )  u sed  in B a B a r, B m e so n s  
a re  a lw a y s  p ro d u c ed  in pair. T h e  s em ilep to n ic  ta g  te c h n iq u e  con sis ts  in reconstruc ting  (tag g in g ) o n e  o f th e  B s in o n e  o f its m o re  a b u n d a n t s e m ilep to n ic  b ^  c  d e c a y s  (D /D * Iv ) 
a n d  to  look fo r th e  w a n te d  s ig n a l (π /  π0 / η  l ν ) in th e  re m a in in g  B. T h is  le a d s  to  an  e ffic ien t re jec tion  o f n o n -B  b a ck g ro u n d s  (c c  τ + τ  , . . . )  a s  w e ll a s  m ost B b a c k g ro u n d s  s in ce  
no  c h a rg e d  tra c k  o r n e u tra l e n e rg y  s hou ld  re m a in  in th e  e v e n t a fte r  th e  ta g  s id e  a n d  th e  s ig n a l s id e  s e le c tio n s . T h is  te c h n iq u e  is particu la rly  in te res ting  fo r  th e  π0 l ν  c h a n n e l s in ce  
c h a rg e d  B m e s o n s  a re  e a s ie r  to  ta g  th a n  th e  n e u tra l o n e s . T h is  p re se n ta tio n  w ill g ive  a n  o v e rv ie w  o f th e  a n a ly s is  a s  w e ll a s  th e  resu lts  th a t c an  be  a c h ie v e d  a t th e  B a B a r  e x p e ri­
m e n t co n ce rn in g  th e s e  th re e  s em ile p to n ic  b u l ν  c h a n n e ls

M O -P 7 -4  1 5 h 3 0

D e te rm in a tio n  o f |Vub| fro m  th e  M e a s u re m e n t o f B ^ π ±/π0/η /η 7 ρ ±/ρ 0/ω  l ν  B ra n ch in g  F ra c tio n s  a n d  F o rm  F a c to rs  a t B a B a r , D a v id  C ô té  1, S . B r u n e t1, J .C . D in g fe ld e r2,
M . S im a rd  1, B .F . V ia u d  1 a nd  P. T a r a s 1, 1 Université de Montréal an d  2 (S L A C ) —  B a B a r ’s  R u n s  1 -4  d a ta  s a m p le  w ill con ta in  a p p ro x im a te ly  4 8 0  m illion B d e c a y s  an d  s e v e ra l 
te n s  o f  th o u s a n d s  o f e a c h  o f th e  lo w e r m a s s  e x c lu s iv e  B ^  X u  l ν  d e c a y s . T h e  c o m b in a tio n  o f th is  u n p re c e d e n te d  la rg e  d a ta  s e t w ith  an  im p ro ve d  v ers io n  o f th e  “n eu trino  re c o n ­
s tru c tio n ” te c h n iq u e  w ill a llo w  a  m e a s u re m e n t o f th e  B ^  π ±/π °/η /η 7ρ ±/ρ °/ω  l ν  b ra n ch in g  fra c tio n s  a n d  fo rm  fa c to rs  in a  m o d e l in d e p e n d e n t w ay . T h is  is a c h ie v e d  by m a x im iz in g  
th e  s ign al e xtra c tio n  e ffic ie n c y  a t th e  cost o f  a cc ep tin g  m o re  o f th e  w e ll-u n d e rs to o d  B ^ ·  X c  l ν  an d  c o n tin u u m  b a ck g ro u n d s . T h e  c ro s s -fe e d s  a ris ing  fro m  th e  v a r io u s  X u  l ν 
d e c a y s  w ill be  ta k e n  into a c c o u n t by a  s im u lta n e o u s  fit o f a ll th e  lo w e r m a s s  e x c lu s iv e  B ^  X u  l ν  b ra n ch in g  fra c tio n s  a n d  fo rm  fa c to rs . T h e s e  w ill p ro v id e  v a lu a b le  in fo rm ation  
a b o u t Q C D  an d  s e m ilep to n ic  b ^ u  l ν  d e c a y s . By exc lu d in g  o r va lid a tin g  spec ific  fo rm  fa c to r  m o d e ls , th e  th e o re tic a l un c erta in ty  in d e te rm in in g  |Vub| fro m  e x c lu s iv e  B ^ ·  X u  l ν 
d e c a y s  w ill be  g re a tly  re d u ce d  a n d  should  be  c o m p etit iv e  w ith  th e  m ost p re c is e  m e a s u re m e n ts  to  d a te . T h is  w o u ld  be  sp ec ia lly  tru e  in th e  fra m e w o rk  o f im p ro v e m e n ts  in 
u n q u e n c e d  la ttice  Q C D . W e  w ill p re se n t an  o v e rv ie w  o f th is  c o m p le x  but v e ry  prom ising  a n a ly s is  th a t is w e ll u n d e rw a y  a s  w e ll a s  s o m e  p re lim in a ry  resu lts .

M O -P 7 -5  1 5 h 4 5
+ + + + _

A  S e a rc h  fo r  B ^ _K _  v v _ , P .D . J a c k s o n , University of Victoria —  W e  p re se n t resu lts  o f s e a rc h  fo r th e  ra re  B d e c a y s  m o d e  B  ^  K  v v  w ith th e  B a B a r  d e te c to r  a t th e
S L A C  B facto ry. T h is  is a  th e o re tica lly  c le a n  fla v o u r c h an g in g  n eu tra l cu rren t d e c a y  w h ich  p ro c e e d s  in th e  S ta n d a rd  M o d e l th ro u g h  loop a n d  box d ia g ra m s  an d  w h ich  is po tentia lly  
s e n s itiv e  to  con trib u tio n s  fro m  h e a v y  v irtu a l pa rtic le s  in te rn a l to  th e s e  loops. In th is  a n a ly s is  w e  s e a rc h  fo r a  h igh m o m e n tu m  s ig n a l tra c k  an d  s ign ifican t m iss ing  e n e rg y  recoiling  
a g a in s t 6i c h a rg e d  B w h ich  is exc lu s iv e ly  re co n s tru c te d  e ith e r  had ro n ica lly  o r  s em ilep to n ica lly . A  9 0 %  c o n fid e n c e  lim it is q u o ted  b a se d  on a n a ly s e s  o f a  s a m p le  o f  a p p ro x im a te ly

90 x  10 T  ( 4 5 BB  d e c a y s .

M O -P 7 -6  1 6 h 0 0

A  S e a rc h  fo r  L e p to n -F la v o r  V io la tio n  a t B a B a r , C h r is  B r o w n , University of Victoria, BaBar Collaboration —  A  s e a rc h  fo r  le p to n -fla v o r v io la tion  h a s  b e e n  p e rfo rm ed  in th e  tau  
d e c a y  m o d e s  τ  to  μ  γ  a n d  τ  to  Ill by th e  BaBar c o lla b o ra tio n . T h e  o b s e rv e d  ra te s  in a ll d e c a y  m o d e s  a re  c o n s is te n t w ith  b a ck g ro u n d  e xp e c ta tio n s . U p p e r  lim its a t 9 0 %  c o n fid e n ce  
lev e l on th e  a llo w e d  b ra n ch in g  fra c tio n s  a re  fo u n d  to  be  B r ^  to  μ  γ) =  2 .0  x  10 -6 a n d  ra n g e  fro m  (1 -  3 ) x  1 0 -7 fo r th e  s ix  d iffe re n t τ  to  Ill fin a l s ta tes .

M O -P 7 -7  1 6 h 1 5

D e te rm in a tio n  o f |V ub| in th e  B a B a r  E x p e rim e n t using  th e  L e p ton  In va rian t M a s s  S q u a re d , D . F o r t in ,  University of Victoria —  A  m e a s u re m e n t o f th e  C K M  m atrix  e le m e n t |Vub| is 
p e rfo rm ed  using c h a rm le s s  s em ilep to n ic  B d e c a y s  fro m  a  s a m p le  o f 8 8  m illion B B  e v e n ts  re co rd e d  w ith  th e  B a B a r  d e te c to r. D e c a y s  a re  p rim arily  iden tified  by th e  p re s e n c e  o f a  
high m o m e n tu m  e le c tro n  an d  a  n eu trino  in fe rred  fro m  th e  m iss ing  m o m e n tu m . F u rth e r  s e le c tio n  re q u ire m e n ts  a re  m a d e  on  th e  e le c tro n  e n e rg y  a n d  th e  in va rian t m a s s  s q u a re d  o f 
th e  n e u trin o -e lec tro n  p a ir to  s u p p re s s  th e  d o m in a n t b a ck g ro u n d  fro m  s e m ile p to n ic  B d e c a y s  to  c h a rm . S ig n a l e ffic ie n c y  a nd  b a ck g ro u n d  e s t im a te s  d e riv e d  fro m  M o n te  C a rlo  s im ­
u la tions  a re  a d ju s te d  using a  contro l s a m p le  in th e  d a ta  a n d  th e n  u sed  to  m e a s u re  a  partia l b ranch ing  fraction  fo r B ^  Xu e  ν . C o m b in in g  th is  m e a s u re m e n t w ith  th e  B lifetim e  
a n d  using th e o re tic a l input a llo w s  fo r th e  d e te rm in a tio n  o f th e  C K M  m atrix  e le m e n t |V ub|.

M O -P 7 -8  1 6 h 3 0

S e a rc h  fo r th e  R a re  D e c a y  B 0 ^  J /ψ γ*, S h e i la  M c L a c h l in ,  McGill University, (O n  b e h a lf o f  th e  B a B a r  G ro u p ) —  W ith  th e  a d v e n t o f th e  B -fac to rie s  a t S L A C  a n d  K E K , it is now  
pos sib le  to  in v e s tig a te  s o m e  v e ry  ra re  p ro c e s s e s  to  p ro b e  P h ys ics  be yo n d  th e  S ta n d ard  M o d e l. I w ill p re se n t th e  resu lts  o f a  s e a rc h  fo r th e  ra re  d e c a y  B 0 ^  J/ψ γ  c o n d u c te d  at 
th e  B a B a r  e x p e rim e n t. T h e  d a ta  s e t u sed  an  in te g ra ted  lum inosity  o f  1 2 5 fb  _1. C u rre n t th e o re tic a l e s t im a te s , using lea d in g  o rd e r F e y n m a n  an n ih ila tio n  d ia g ra m s  s u g g e s t a  
bra n ch in g  ra tio  o f th e  o rd e r o f 10 -8 . T h e  possib ility  o f intrinsic  c h a rm  in th e  B0 m e s o n  w ill, o f  c o u rse , m odify  th e s e  e s tim a te s .

* This work is being supported by NSERC.

M O -P 7 -9  1 6 h 4 5

A  H igh  P rec is io n  M e a s u re m e n t o f M u o n  D e c a y  P a ra m e te rs , M a h e r  Q u r a a n , for the TWIST collaboration, TRIUMF —  T h e  T R IU M F  W e a k  In te rac tio n  S y m m e try  Test (T W IS T )  is 
a n  e x p e rim e n t d e s ig n e d  to  p e rfo rm  a  h igh p recis ion  s im u lta n e o u s  m e a s u re m e n t o f th e  m uon  d e c a y  p a ra m e te rs  ρ, δ, a n d  Ρ μ ξ . T h e  u ltim ate  g o a l o f th e  e x p e rim e n t is to  m e a s u re  
th e s e  p a ra m e te rs  to  a  p recis ion  o f fe w  p arts  in 10 4 , th e re b y  d e c re a s in g  th e ir  u n certa in ty  by a lm o s t a n  o rd e r o f m a g n itu d e  o v e r  c u rren t v a lu e s . A t th is  leve l T W IS T  is s e n s itiv e  to
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p hysics  b e yo n d  th e  s ta n d ard  m o d e l, an d  can  im p o se  lim its  on  th e  va lid ity  o f s e v e ra l p ro p o s ed  e x te n s io n s  to  th e  s ta n d ard  m o d e l. T h e  T W IS T  s p e c tro m e te r  consis ts  o f 5 6  low  
m a s s  p la n a r w ire  c h a m b e rs  p os itioned  ins ide  a  2  T  m a g n e tic  fie ld . A  h igh ly  p o la rize d  m uon  b e a m  is s to p p e d  in a  th in  foil a t th e  c e n te r  o f  th e  s p e c tro m e te r, a llow ing  a  m e a s u re ­
m e n t o f th e  e n e rg y  an d  e m is s io n  a n g le  o f th e  d e c a y  pos itrons  o v e r a  w id e  ra n g e . S in c e  th e  h igh ra te  a t w h ich  d a ta  c an  be  a c q u ire d  a llo w s  th e  co llection  o f 1 0 9 e v e n ts  in a  fe w  
w e e k s , th e  p rec is ion  is lim ited  by s y s te m a tic  u n c erta in tie s  ra th e r  th a n  th e  s ta tis tica l a c c u ra c y  o f th e  m e a s u re m e n t. To d a te , T W IS T  h a s  a c q u ire d  s e v e ra l high s ta tis tics  d a ta  sets  
a im e d  a t tack ling  th e  v a rio u s  s ys te m a tic s  to  an  a c c u ra c y  o f 1 0 -3. T h e  ava ila b ility  o f  W e s te rn  C a n a d a  R e s e a rc h  G rid  (W e s tg r id ) in th e  p a st fe w  m o n th s  h a s  a llo w e d  th e  a n a ly s is  o f 
a lm o s t a ll d a ta  s e ts  a c q u ire d  in 2 0 0 2  an d  2 0 0 3 , a s  w e ll a s  th e  g e n e ra tio n  o f M o n te  C a r lo  runs w ith  s ta tis tics  a d e q u a te  fo r d e te rm in in g  s y s te m a tic  e ffe c ts  a t th e  s a m e  lev e l. In th is  
ta lk  th e  T W IS T  e x p e rim e n t w ill be  d e s c rib e d , an d  th e  te c h n iq u e s  u sed  to  ta c k le  th e  v a r io u s  s y s te m a tic s  w ill be  p re s e n te d .

M O -P 7 -1 0  1 7 h 0 0

D a ta  A n a ly s is  T e c h n iq u e s  fo r  H igh  P rec is io n  M e a s u re m e n t o f M u o n  D e c a y  P a ra m e te rs , K o n s ta n t in  O lc h a n s k i ,  TRIUMF —  T h e  T R IU M F  W e a k  In te rac tio n  S y m m e try  Test 
(T W IS T )  is inves tigating  th e  s p a c e -tim e  s tru c tu re  o f  th e  c h a rg e d -c u rre n t w e a k  in te rac tio n . W e  look fo r d e v ia tio n s  fro m  th e  p red ic tio n s  o f th e  “V -A ” s u b m o d e l o f th e  S ta n d ard  
M o d e l in th e  d o m in a n t d e c a y  m o d e  o f th e  m u o n , th e  p ure ly  lep to n ic  d e c a y  μ +  ^  e+ ν ν . By im proving  th e  w o rld -b e s t m e a s u re m e n ts  o f th e  m uon  d e c a y  by a  fa c to r  o f 1 0 , w e  
h o p e  to  o p e n  (o r c lo s e ) th e  w in d o w  on p hysics  possib ilities  b e yo n d  th e  S ta n d ard  M o d e l. T W IS T  is a  s y s te m a tic s -d o m in a te d  e x p e rim e n t. W e  h a v e  d e v e lo p e d  te c h n iq u e s  fo r  using  
s p e c ia l d a ta  runs an d  s p e c ia l s im u la tio n s  to  m e a s u re  th e  im p act o f  s y s te m a tic  e ffe c ts  on th e  o v era ll e rro r, ra n k  th e  e ffe c ts  by im p o rta n ce , an d  to  e lim in a te  s o m e  e ffe c ts  a s  s o u rce s  
o f s y s te m a tic  e rro r. T W IS T  u s es  a  s y s te m  o f v ery  lo w  m a s s  p la n a r  w ire  c h a m b e rs . Still, m u ltip le  C o u lo m b  sca tte rin g  an d  e n e rg y  loss  e ffe c ts  a re  s ig n ifican t an d  re q u ire  care fu l 
h a n d lin g . W e  h a v e  a d o p te d  th e  k ink m e th o d  (G , Lu tz , e tc ) fo r h and lin g  m u ltip le  s ca tte rin g  a nd  p e rfo rm  a  s e lf-co n s is ten t positron  e n e rg y  s c a le  ca lib ratio n  to  h a n d le  e n e rg y  loss. In 
a n y  h ig h -p re c is io n  e x p e rim e n t, it’s  im p o rtan t to  m in im ize  th e  po te n tia l fo r s u b jec tive  b ias , typ ica lly  th roug h  blind a n a ly s is  te c h n iq u e s . T W IS T  h a s  d e v e lo p e d  a  novel p ro c e d u re  uti­
lizing p u b lic -key  c ryp to g rap h y  to  e xtra c t th e  m uon d e c a y  p a ra m e te rs  in a  blind m a n n e r. T h is  ta lk  w ill d e s c rib e  th e  d a ta  a n a ly s is  p ro c e d u re s  u s ed  by T W IS T .

M O -P 7 -1 1  1 7 h 1 5

F u tu re  H igh  Lum inos ity  S c e n a r io s  fo r  th e  BABAR E x p e r im e n t, S .H . R o b e r ts o n , IPP, McGill University —  O v e r  th e  last s e v e ra l y e a rs  th e  BABAR e x p e r im e n t a t S L A C  h a s  s u c ­
c e e d e d  in d e m o n stra tin g  th a t th e  S ta n d a rd  M o d e l (S M )  m e c h a n is m  fo r  C P  v io la tio n , d e sc rib ed  by a  s in g le  irred u c ib le  p h a s e  in th e  C K M  m a trix , is e s s en tia lly  c o rrec t. T h is  is, h o w ­
e ve r, not th e  e n d  o f th e  story a s  th e re  m a y  be  a d d itio n a l “N e w  P h ys ics ” con trib u tio n s  w h ich  could a p p e a r  in p recis ion  C P -a s y m m e try  o r  b ra n ch in g  ra tio  m e a s u re m e n ts . E ve n  if 
e v id e n c e  fo r N e w  P h ys ics  is d isc o v ere d  first a t a  h igh e n e rg y  hadron  collider, th e  c o m p a ra tiv e ly  c le a n  e n v iro n m e n t a n d  v arie ty  o f a c c e s s ib le  fin a l s ta tes  s u g g e s t th a t p recis ion  B 
p hysics  m e a s u re m e n ts  p e rfo rm ed  a t th e  T  (4 S ) re s o n a n c e  c an  p lay  an  im p o rtan t ro le  in c larify ing  th e  n a tu re  o f th e  u nderly ing  p hysics. H o w e v e r, such  s tu d ies  w ill req u ire  d a ta  
s a m p le s  1 -  2  o rd e rs  o f m a g n itu d e  g re a te r  th a n  th o s e  c urren tly  a v a ila b le . S o m e  pos sib le  s c e n a rio s  fo r a  h igh lum inosity  “S u p e r  B fa c to ry ” w ill be  p re se n te d .

M O -P 7 -1 2  1 7 h 3 0

P arity -V io la tin g  H a rd  P h o to n  B re m ss tra h lu n g  In E le c tro n -P ro to n  S c a tte r in g , A le k s a n d r s  A le k s e je v s  1, S v e tla n a  B a r k a n o v a 2 a n d  P e te r  B lunden  1, 1 University of Manitoba a n d  2 
A c a d ia  U n iv ers ity  —  O n e  w a y  to  tre a t th e  in fra red  d iv e rg e n c e s  o f th e  e le c tro w e a k  ra d ia tiv e  c o rrec tio n s  to  parity -v io la tin g  (P V ) e le c tro n -p ro to n  sca tte rin g  is by a d d in g  P V  so ft- 
photon  e m is s io n  g ra p h s . A lth o u g h  re a s o n a b le , th e  resu lts  a re  left w ith  a  lo garithm ic  d e p e n d e n c e  on th e  photon  d e te c to r  a c c e p ta n c e , w h ich  can  on ly  be  e lim in a te d  by c onsidering  
P V  hard  photon  b re m ss tra h lu n g  (H P B ) g ra p h s . W e  h a v e  c o m p u te d  P V  H P B  d iffe ren tia l c ro ss  s e c tio n s  fo r  e le c tro n -p ro to n  s ca tte rin g  using th e  e x p e rim e n ta l v a lu e s  o f fo rm  fa c to rs  
in th e  d ia g ra m  v e rtic e s . T h e  fin a l resu lts  a re  c o n ve n ien tly  e x p re s s e d  th ro u g h  k in e m a tica l p a ra m e te rs , m a k in g  it pos sib le  to  a p p ly  th e  co m p u te d  H P B  a s y m m e tr ie s  fo r a  v irtually  
a n y  P V  e le c tro n -n u c le o n  sca tte rin g  p rocess .

M O -P 7 -1 3  1 7 h 4 5

M e a s u re m e n t o f A z im u th a l A s y m m e tr ie s  A s s o c ia te d  W ith  D e e p ly  V irtu a l C o m p to n  S c a tte r in g , J ia n s e n  L u , HERMES Collaboration/TRIUMF —  A s y m m e tr ie s  in b e a m  helic ity  and  
b e a m  c h a rg e  h a v e  b e e n  m e a s u re d  fo r hard  e x c lu s iv e  e le c tro p ro d u c tio n  o f ph o to n s  s ca tte rin g  o ff a  n u c le o n /n u c le u s  ta rg e t. T h e  a s y m m e tr ie s  a p p e a r  in th e  d istribution  o f  th e  p h o ­
to n s  in th e  a z im u th a l a n g le  a ro u n d  th e  v irtua l photon  d irec tio n , re la tiv e  to  th e  lep ton  sca tte rin g  p lan e . T h e  a s y m m e tr ie s  resu lt fro m  in te rfe re n c e  o f B e th e -H e itle r  p ro c es s  a n d  th e  
d e e p ly  v irtua l C o m p to n  sca tte rin g  p ro c es s , w h ich  d e p e n d  on  th e  G e n e ra liz e d  P arto n  D is tribu tion  s  (G P D s ) o f  n u c leo n /n u c leu s . G P D s  co n ta in  in fo rm ation  on tw o -p a rto n  c o rre la ­
tio n s , q u a rk  tra n s v e rs e  m o m e n tu m  d is trib u tions  a n d  orb ita l a n g u la r  m o m e n tu m  d istrib utions. T h e  e x p e rim e n t is p e rfo rm ed  a t D E S Y  labo ra to ry , G erm a n y , using 2 7 .5  G e V  
p o s itro n /e le c tro n  inciden t n u c leu s  ta rg e t.

1 8 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-P8]

(DNP/DPN)

Symmetries in Nuclear Physics / Les symétries en physique 
nucléaire

MONDAY, JUNE 14 
LUNDI, 14 JUIN

14h15 -17h00

[  R o o m /S a l le  :  V ic to r ia  ] C h a ir :  W. v a n  O e rs , U .M a n ito b a

M O -P 8 -1  1 4 h 1 5

W A L T E R  O E L E R T , F o rs c h u n g s z e n tru m  Juelich

Observation of Cold Antihydrogen - Perspectives for Testing Fundamental Symmetries
T h e  A T R A P  e x p e r im e n t a t th e  C E R N  a n tip ro ton  d e c e le ra to r  A D  a im s  fo r a  te s t o f th e  C P T  in v a ria n c e  by a  c o m p aris o n  o f th e  hy d ro g en  to  a n ti-h y d ro g e n  a to m  spec tro s co p y . To 
a c h ie v e  th e  re q u ire d  h igh p rec is ion  in th e  m e a s u re m e n ts  o f a to m ic  tra n s itio n s  cold  a to m s  o f a n ti-h y d ro g e n  a re  e s s e n tia l. T ra p p e d  neu tra l a n ti-h y d ro g e n  a to m s , up  to  n o w  not 
a v a ila b le , h a v e  to  be  u s ed . T h e  a n ti-h y d ro g e n  production  v ia  3 -b o d y  re c o m b in a tio n  routine ly  o p e ra te d  a t A T R A P [1,2] is s tu d ied  in m o re  d e ta il in o rd e r to  c h a ra c te r iz e  th is  p ro d u c ­
tion  m e c h a n is m  in v ie w  o f fu tu re  tra p p in g  o f n e u tra l a n ti-h y d ro g e n  a to m s . S h a p e  p a ra m e te rs  o f  th e  an tip ro to n  an d  positron  c lo u d s  a n d  th e  a n ti-h y d ro g e n  production  p robability  a s  
a  func tion  o f re le v a n t p a ra m e te rs  h a v e  b e en  m e a s u re d . T h e  N -s ta te  d istribution  o f th e  p ro d u c ed  R y d b e rg  a n ti-h y d ro g e n  w a s  a n a ly z e d  a n d  first m e a s u re m e n ts  o f th e  a n ti-h y d ro ­
g e n  ve lo c ity  h a v e  b e e n  p e rfo rm e d . F u rth e rm o re  an  a lte rn a tiv e  production  m e c h a n is m  v ia  d o u b le  c h a rg e  e x c h a n g e  h a s  b e e n  s tu d ied  [3]. T h e  resu lts  a c h ie v e d  in 2 0 0 3  a n d  fu rth er  
s te p s  to w a rd s  th e  tra p p in g  o f  a n ti-h y d ro g e n  a to m s  w ill be  d isc u s se d .

1. G. Gabrielse et al., Phys. Rev. Lett. 89, 213401 (2002).
2. G. Gabrielse et al., Phys. Rev. Lett. 89 , 233401 (2002).
3. E.A. Hessels et al., Phys. Rev. A 57 , 1668 (1998).

M O -P 8 -2  1 4 h 4 5

G E R A L D  G W IN N E R , U n iv ers ity  o f  M a n ito b a

ANew Test of the Special Theory of Relativity with the Heidelberg Test Storage Ring
A n  im p ro ve d  te s t o f tim e  d ilation  in s p ec ia l re la tiv ity  h a s  b e e n  p e rfo rm ed  using la s e r  s p ec tro s co p y  on fa s t ions  a t th e  h e av y -io n  s to ra g e -rin g  T S R  in H e id e lb e rg . T h e  D o p p le r-s h ift­
e d  fre q u e n c ie s  o f  a  tw o -le v e l trans ition  in 7Li+ ions a t v =  0 .0 6 4 c  h a v e  b e e n  m e a s u re d  in fo rw a rd  a n d  b a ck w ard  d irec tion  to  an  a c c u ra c y  o f Δ ν /ν = 1 Ί 0 -9 using c o llin e a r  s atu ratio n  
spec tro s co p y . T h e  resu lt c on firm s  th e  re la tiv is tic  D o p p le r  fo rm u la  a nd  s e ts  a  n e w  limit o f  2 . 2 Ί 0 -7 fo r d e v ia tio n s  fro m  th e  tim e  d ilation  fa c to r  γ3 Ρ , a  te n fo ld  im p ro v e m e n t o v e r  o th e r  
m e th o d s . C urren tly , w o rk  is in p ro g re ss  to  im p ro ve  th is  lim it further.

1 5 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé
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M O -P 8 -3  1 5 h 4 5

A N D R E W  D . B A C H E R ,*  In d ia n a  U n iv ers ity  a n d  IU C F

O bserva tion  o f  C h arg e  S y m m e try  B re a k in g  in  the  R e ac tion  d -d  ^  4 H e -n  0

C h a rg e  s y m m e try  b re ak in g  (C S B ) in th e  s trong in te rac tio n  a r is e s  fro m  th e  d iffe re n c e  in th e  m a s s e s  o f th e  up a n d  d ow n  q u a rk s  (m d > m u) a n d  fro m  e le c tro m a g n e tic  in te rac tions . 
T h e s e  e ffe c ts  c a u s e  th e  neu tro n  to  b e  h e a v ie r  th a n  th e  proton a n d  n u c le a r  m a s s  d iffe re n c e s  w ith in  isosp in  m u ltip le ts . O th e r  in d e p e n d e n t e x p e rim e n ts  in light s y s te m s  a re  n e e d e d  
to  s e p a ra te  th e  h a d ro n ic  an d  e le c tro m a g n e tic  te rm s  in th e  e ffe c tiv e  ch ira l L a g ra n g ia n . T h e  lo n g -s o u g h t d -d  ^  4 H e -K 0 re ac tio n  is fo rb id d e n  by c h a rg e  s ym m e try ; its o b s erv a tio n  
w o u ld  b e  a  m e a s u re m e n t o f th e  s q u a re  o f a  C S B  m atrix  e le m e n t w ith  a  d iffe re n t c o m b in a tio n  o f h a d ro n ic  a nd  e le c tro m a g n e tic  te rm s . O u r  g roup  a t th e  In d ia n a  U n ivers ity  
C y clo tro n  Fac ility  re ce n tly  m a d e  th e  first u n a m b ig u o u s  o b s e rv a tio n s  o f th e  d -d  ^  4 H e-K  0  reac tion  a t tw o  e n e rg ie s  ju s t a b o v e  th e  π 0 p roduction  th re s h o ld  (2 2 5 .5  M e V )  using th e  
IU C F  e le c tro n -c o o le d  s to ra g e  ring. T h e  fo rw a rd -g o in g  c o n e  o f  4H e  nuc le i w a s  s e p a ra te d  fro m  th e  c ircu latin g  d e u te ro n  b e a m  in a  6 °  b e n d in g  m a g n e t a n d  c ap tu red  a n d  iden tified  in 
a  m a g n e tic  c h a n n e l consis ting  o f  a  s e p tu m  m a g n e t fo llo w ed  by th re e  m a g n e tic  q u a d ru p o le s . T h e  tw o  ph o to n s  fro m  π 0  d e c a y  w e re  o b s erv e d  in tw o  a rra y s  o f  P b -g la s s  C e re n k o v  
d e te c to rs  th a t s u rro u n d ed  th e  cold  D 2 g a s  je t  ta rg e t. W h ile  th e  c ro ss  sec tion  w a s  v e ry  lo w  ( ~  1 0  pb ), a  th re e -fo ld  c o in c id e n c e  re m o v e d  e s s e n tia lly  a ll b a ck g ro u n d . S e p a ra tio n  o f 
th e  C S B  4H e ^ 0  e v e n ts  fro m  th e  a llo w e d  c o n tin u u m  o f d o u b le  ra d ia tiv e  c a p tu re  4H e -π 0  e v e n ts  d e p e n d e d  on a  reconstruc tion  o f  th e  p ion m a s s  fro m  c h a n n e l position a n d  tim e  o f 
flight. T h e  resu lts  s h o w  a  π 0  p roduction  c ro ss  sec tion  th a t is s m a ll but rising w ith  e n e rg y  in a  m a n n e r  c o n s is te n t w ith  s -w a v e  production .

*  For the Cooler-CSB Collaboration
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M IC H A E L  D . H A S IN O F F , U n ivers ity  o f British C o lu m b ia  

A  Test o f  T im e R e v e rs a l In va ria n ce  in S to p p e d  K a on  D e c a y

T h e  tra n s v e rs e  m uon p o la riza tio n  (P t)  in K+ d e c a y  is an  e x c e lle n t C P -  o r T - v io la ting  o b s e rv a b le  to  s tudy  s in c e  a n y  n o n -z e ro  v a lu e  > 1 0 -5 w o u ld  im ply n e w  p hysics  be yo n d  th e  
m in im a l s ta n d ard  m o d e l. F u rth e rm o re , s in ce  P  T invo lves  p h a s e s  b e tw e e n  both th e  q u a rk -q u a rk  a n d  le p to n -le p to n  c o u p lin g s  it p ro b e s  a  d iffe re n t reg ion  o f p a ra m e te r  s p a c e  than  
th e  neu tron  d ipo le  m o m e n t o r K 0 d e c a y  e x p e rim e n ts . W e  h a v e  m e a s u re d  th e  T -v io la tin g  trip le  product co rre la tio n  b e tw e e n  th e  μ+ sp in  a nd  th e  π0 an d  μ+ m o m e n ta  in s to p p e d  K+ 
d e c a y s  a t th e  12  G e V  P S  a t th e  N a tio n a l L a b o ra to ry  fo r H igh  E n erg y  P h ys ics  in T s u ku b a , J a p a n . A n  a n a ly s is  o f  o u r c o m p le te  d a ta  s e t (1 1 .8  m illion good  K+ d e c a y s ) in d ica te s  no  
e v id e n c e  fo r a n y  T -v io la tio n  (P t  < 0 .0 0 5 1  a t th e  9 0 %  c o n fid e n c e  le v e l) . T h e  d e ta ils  o f o u r e x p e r im e n t a nd  th e  v a r io u s  s y s te m a tic  e rro rs  w ill be  p re s e n te d  a lo n g  w ith  o u r n e w  c o n ­
s tra in ts  on e x te n s io n s  to  th e  s ta n d ard  m o d e l.
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B e ta -D e c a y  o f U ltra co ld  N e u tro n s *. J e f fe r y  W il l ia m  M a r t in ,  C a lifo rn ia  In s titu te  o f  T ech no lo gy  fo r  th e  U C N A  C o llab o ra tio n  —  R e c e n t a d v a n c e s  in th e  production  o f u ltraco ld  n e u ­
tro n s  (U C N ) h a v e  m a d e  possib le  a  n e w  g e n e ra tio n  o f p rec is ion  m e a s u re m e n ts  o f th e  fu n d a m e n ta l p ro p e rties  o f  th e  n e u tro n . A  n e w  e x p e r im e n t (ca lle d  U C N A ) is in th e  p ro c es s  o f 
c o m p le tin g  construction  a n d  c o m m is s io n in g  a t th e  Lo s  A la m o s  N e u tro n  S c ie n c e  C e n te r , lo ca te d  in Los A la m o s , N e w  M e x ic o . T h e  a im  o f th e  e x p e r im e n t is to  m e a s u re  th e  “b e ta -  
a s y m m e try ’’, th e  a s y m m e try  in th e  e m is s io n  o f  d e c a y  e le c tro n s  re la tiv e  to  th e  neu tro n  s p in , to  th e  lev e l 0 .2 % . S u ch  a  p re c is e  m e a s u re m e n t, w h e n  c o m b in ed  w ith  p re v io u s  m e a s ­
u re m e n ts  o f  th e  n e u tro n ’s m e a n  life tim e , c an  be  u sed  to  d e te rm in e  th e  C a b ib b o -K o b a y a s h i-M a s k a w a  (C K M ) m atrix  p a ra m e te r  V ud. T h is  p a ra m e te r  g o v e rn s  w e a k  tran s itio n s  
b e tw e e n  d ow n  a n d  up q u a rk s . C o m b in in g  th is  m e a s u re m e n t w ith  e x tra c tio n s  o f V us (th e  s a m e  q u a n tity  fo r  w e a k  tra n s itio n s  b e tw e e n  s tra n g e  a n d  up q u a rk s ) fro m  k aon  d e c a y  
a llo w s  a  p re c is e  te s t o f th e  unitarity  o f th e  C K M  m atrix . C u rre n t e x tra c tio n s  o f  th is  sort s h o w  th a t th e  m atrix  m ight not be  unitary, an d  m a y  be  an  ind ication  fo r  n e w  p hysics  beyond  
th e  s ta n d ard  m o d e l. T h e  c u rren t s ta tu s  o f th e  U C N A  e x p e rim e n t, a lo n g  w ith  p lan s  fo r  fu tu re  e x p e rim e n ts , w ill be  p re s e n te d .

* In collaboration with the UCNA.
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Instrumentation and Techniques in Biomedical Physics I / 
Instrumentation et techniques en physique biomédicale I
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[  R o o m /S a l le  : A lb e r t  ] C h a ir :  A . M a n d e lis ,  U .T o ro n to
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C L A U D E  B O C C A R A , É c o le  S u p é rie u re  d e  ph y s iq u e  e t c h im ie  industrie lles , P aris , F ra n c e  

O p tica l Im a g in g  in Turb id  M e d ia : N e w  D e ve lo p m e n ts

T h e  use  o f  light to  g e n e ra te  a n  im ag in g  p ro c es s  a b le  to  re v e a l in -d e p th  s tru c tu res  an d  to  q u a n tify  th e m  in te rm s  o f g e o m e tr ic a l (s ize , pos ition ) an d  op tica l (a b s o rp tio n , s ca tte rin g )  
p ro p e rties  is a  n e w  g o a l fo r  a  la rg e r an d  la rg e r c o m m u n ity  o f physic ists . W e  w ill reca ll th e  m a in  a p p ro a c h e s  w h ich  h a v e  b e e n  u sed  to  o v e rc o m e  th e  s trong loss o f  th e  pho tons  
d irec tio n a l m e m o ry  in h igh ly  sca tte rin g  m e d ia  an d  th e ir  lim ita tions  in te rm s  o f d e p th  an d  reso lu tion : O p tic a l c o h e re n c e  to m o g ra p h y  o r  m icro sco p y  w h ich  s e le c ts  ballis tic  pho tons  
th ro u g h  an  in te rfe ro m etric  d e te c tio n  but can  b e  pertu rb e d  by m u ltisc a tte red  o n e s . T im e  an d  fre q u e n c y  m e th o d s  fo r  d e te c tin g  th e  first ph o to n s  e m e rg in g  fro m  th e  s tru c tu re  by 
using  fa s t d e te c to rs  o r op tical g a te s . D C  o r q u a s i D C  a p p ro a c h e s  in w h ich  th e  s o u rc e -d e te c to r  s y m m e try  p lay s  a n  im p o rtan t ro le  in re ve a lin g  loca l c h a n g e s  in op tica l p ro p e rties . 
O p to -a c o u s tic s  (o ften  c a lled  P h o to a c o u s tic s ) w h e re  a  locally  a b s o rb e d  la s e r  p u ls e  g e n e ra te s  an  a co u s tic  s ig n a l w h o s e  position  an d  d e p th  c an  be  lo ca lized  by an  a rra y  o f  p ie z o ­
e le c tric  d e te c to rs . A c o u s to -O p tic s  w h e re  a  lo ca lized  u ltra so n ic  fie ld  m o d u la te s  th e  s p e c k le  d istrib u tion , c oup lin g  light a n d  s ound  in a  v e ry  d iffe re n t w a y  th a n  th e  p re ce d in g  te c h ­
n iq u e . W e  w ill particu la rly  d e s c rib e  in m o re  d e ta il th e  te c h n iq u e s  u sed  in o u r lab o ra to ry  w h ich  ta k e  a d v a n ta g e  o f m u ltip le  d e te c to rs  s uch  a s  C C D  s en s o rs  w o rk in g  in pa ra lle l fo r  
fa s te r  a cqu is ition  tim e s  o r  b e tte r  s ig n a l-to -n o is e  ra tios.
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A N D R E A S  M A N D E L IS ,  U n ivers ity  o f Toronto

L a s e r  P h o to -T h e rm o -A co u s tic  F re q u e n c y  S w e p t H e te ro d y n e d  L o ck -in  D e p th  P ro filo m e try  fo r  T h re e -D im e n s io n a l S u b -su rfa ce  T issue Im a g in g *

In c o n ve n tio n a l b io m ed ic a l p h o to ac o u s tic  im ag in g  s y s te m s , a  pu lsed  la s e r  is u sed  to  g e n e ra te  tim e -o f-flig h t a c o u s tic  in fo rm ation  o f th e  s u b s u rfa c e  fe a tu re s . T h is  p a p e r re ports  th e  
th e o re tic a l an d  e x p e rim e n ta l d e v e lo p m e n t o f a  n e w  fre q u e n c y -d o m a in  (F D ) p h o to -th e rm o -a c o u s tic  (P T A ) p rincip le  fe a tu rin g  fre q u e n c y  s w e e p  (ch irp ) an d  h e te ro d y n e  m o du la tion  
a n d  lock-in  d e te c tio n  o f  a  c o n tin u o u s -w a v e  la s e r  s o u rce  a t 1 0 6 4  nm  w a v e le n g th . P T A  im ag in g  is a  prom ising  n e w  te c h n iq u e , w h ich  is be in g  d e v e lo p e d  to  d e te c t tu m o r m a s s e s  in 
tu rb id  b io log ica l tis su e . O w in g  to  th e  lin e a r  re la tio n s h ip  b e tw e e n  th e  d e p th  o f a c o u s tic  s ig n a l g e n e ra tio n  an d  th e  d e la y  tim e  o f s ig n a l a rriv a l to  th e  tra n s d u ce r, in fo rm ation  spec ific  
to  a  p a rticu la r d e p th  c an  be  a s s o c ia te d  w ith  a  pa rticu la r fre q u e n c y  in th e  ch irp  s ig n al. S c a n n in g  la s e r  m o du la tion  w ith  a  lin e a r  fre q u e n c y  s w e e p  m e th o d  p re s e rv e s  th e  d e p th -to -  
d e la y  tim e  linearity  a n d  re c o v e rs  F D -P T A  s ig n a ls  fro m  a  ra n g e  o f d e p th s . P re lim in a ry  resu lts  p e rfo rm ed  on  ru b b e r s a m p le s  an d  solid  tis su e  p h a n to m s  in d ica te  th a t th e  F D -P T A  
te c h n iq u e  h a s  th e  po te n tia l to  be  a  re lia b le  too l fo r b io m ed ic a l d e p th -p ro filo m e tric  im ag in g .

* In collaboration with Ying Fan, Gloria Spirou and Alex Vitkin 

1 5 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé
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C o n d u ctio n  V e lo c ity  D is p ers io n  in C a rd ia c  T is s u e *. H a n a  D o b r o v o ln y 1, R .A . O l iv e r 2, S . K a lb 2, E . T o lk a c h e v a 1, W . K ra s s o w s k a 2 a nd  D .J . G a u th ie r 1, 1 D e p a rtm e n t o f  P h ys ics  
a n d  2 D e p a rtm e n t o f B io m e d ic a l E n g in e e rin g , D u ke  U n ive rs ity  —  C o n d u ctio n  v e lo c ity  d isp ers io n  an d  actio n  po te n tia l restitu tion  p lay  a  c ruc ia l ro le  in d e te rm in in g  th e  s tab ility  o f 
w a v e s  o f e le c trica l activ ity  th ro u g h  c a rd ia c  tis su e . R e c e n t e x p e rim e n ta l w o rk  h a s  c o n firm ed  th a t action  po ten tia l restitu tion  is ra te -d e p e n d e n t, th a t is, th e  restitu tion  p ro p e rtie s  a re  
d e p e n d e n t on th e  sp ec ific  pacing  pro toco l u sed  to  m e a s u re  th e m . W e  h y p o th e s ize  th a t con d u ctio n  ve lo c ity  d isp ers io n  s h o w s  s im ila r ra te -d e p e n d e n c e . W e  w ill d iscuss  p ro g re ss  
on  o u r e x p e rim e n ts  to  d e te rm in e  th e  ra te  d e p e n d e n c e  o f c o n duction  ve lo c ity  restitu tion .

* This work is being supported by NIH, NSF
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M a g n e to c a rc in o th e ra p v : A  N o v e l M e th o d  fo r th e  D e te c tio n  an d  T re a tm e n t o f  C a n c e r  using  M a g n e tic  N a n o p a rtic le s * , C a r l K u m a r a d a s  1 a n d  R o b e rt K ra u s  J r .2 , 1 R ye rson  
U n ive rs ity  a n d .2 L o s  A la m o s  N a tio n a l L a b o ra to ry  —  M a g n e to c a rc in o th e ra p y  (M C T )  is a  n e w  an d  in n o v ativ e  a p p ro a c h  th a t c o m b in e s  th e  d e te c tio n  an d  tre a tm e n t o f c a n c e r  into a  
s in g le  m oda lity . T h is  a p p ro a c h  in vo lv e s  b ind ing  m a g n e tiz e d  n a n o p a rtic le s  (S m C o 5, F e 3O 4)  to  m o n o c lo n a l a n tib o d ie s  an d  o th e r m o le c u le s  th a t s e le c tiv e ly  ta rg e t c a n c e r  ce lls . 
T h e s e  n a n o p a rtic le s  a re  s y s te m ic a lly  d e liv e re d  into a  p a tien t th roug h  in tra ve n o u s  in jection  a n d  w ill p re fe re n tia lly  co lle c t in tu m o u rs  d u e  to  th e ir  b ind ing  to  re ce p to rs  un ique ly  
e x p re s s e d  by c a n c e r ce lls . F o c a l c o n c e n tra tio n s  o f th e s e  partic les  in tis su e  w ill be  d e te c te d  an d  im ag e d  using  a  S u p e rc o n d u c tin g  Q u a n tu m  In te rfe re n c e  D e v ic e  (S Q U ID )  a rra y  o r  
M a g n e tic  R e s o n a n c e  Im a g in g  (M R I)  s y s te m s . O n c e  d e te c te d , th e  tu m o u rs  w ill be  im m e d ia te ly  d e s tro ye d  by app ly in g  a  ro ta ting  e x te rn a l m a g n e tic  fie ld  th a t c a u s e s  th e  n a n o p a rti­
c le s  to  ro ta te  resu lting  in th e rm a l e n e rg y  de p o s itio n  lo ca lized  a t th e  tu m o r s ite  (p rim arily  a s  a  c o n s e q u e n c e  o f v is c o u s  h e a tin g ). A  2 D  fin ite  e le m e n t m o d e l o f th e  coil s y s te m  fo r  
g e n e ra tin g  th e  driving m a g n e tic  fie ld  w a s  d e v e lo p e d  to  pred ic t th e  fie ld  pa tte rn  p ro d u c ed  in a  p a tien t. A  3 D  fin ite  d iffe re n c e  m o d e l o f  th e  m otion  o f  th e  pa rtic le s  in th e  p re s e n c e  o f 
th e  rotating e x te rn a l fie ld , includ ing  th e  e ffe c t o f p a rtic le -p a rtic le  m a g n e tic  in te rac tio n s , w a s  d e v e lo p e d  to  pred ic t th e  h e a t d e position  ra te  in tis su e  a s  a  resu lt o f  th e  pa rtic le  m otion . 
Fina lly , a  1 D  fin ite  e le m e n t m o d e l w a s  d e v e lo p e d  to  pred ic t th e  th e rm a l d a m a g e  p ro d u c ed  in th e  tu m o u r a n d  its su rround ing  tis su e . P red ic tio n s  o f th e  ab ility  o f o p tim ize d  M C T  
s y s te m  to  ta rg e t th e  tre a tm e n t to  a  tu m o u r w h ile  m in im iz ing  th e  d o s e  to  n o rm a l tis su e  w ill be  p re s e n te d .

* This work is being supported by Los Alamos National Laboratory.
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P o la rim etry  in Turb id  M e d ia  fo r R o b u s t D e te rm in a tio n  o f  C o n c e n tra tio n  o f O p tic a lly  A c tiv e  M o le c u le s : M o d e llin g , E x p e rim e n ts , an d  A p p lic atio n  to  B io p h o to n ics *, D a n ie l  C ô té  an d  
I.A . V itk in , O ntario  C a n c e r In s titu te  a n d  U n ive rs ity  o f  Toronto  —  V a rio u s  non in va s iv e  op tica l m e th o d s  h a v e  b e e n  p ro p o s ed  to  m o n ito r g lu c o se  c o n ce n tra tio n  in b io log ica l t is su e . 
P o larim etry  is particu la rly  a ttra c tiv e  a m o n g  th e s e  b e c a u s e  certa in  m e a s u re a b le  p o la riza tio n  p ro p e rties  (e .g ., op tica l ro ta tion ) a re  d irec tly  re la te d  to  th e  g lu c o se  c o n c e n tra tio n . 
H o w e v e r , in tu rb id  m a te r ia ls  such  a s  b io log ica l tis su e , th e  ra n g e  o f  va lid ity  o f th is  d irec t re la tio n s h ip , an d  th e  e ffe c tiv e  path  leng th  s a m p le d  by th e  op tica l b e a m , a re  u n k n o w n . W e  
h a v e  d e v e lo p e d  a  p o la riza tio n -s e n s itiv e  M o n te  C a rlo  s ta tistica l s im u la tio n  m ode l to  e x a m in e  in d e ta il th e  po la riza tio n  e ffe c ts  in turb id  t is s u e -lik e  m e d ia  c o n ta in ing  g lu c o se . 
S pec ifica lly , w e  e x a m in e  th e  e ffe c ts  o f  inciden t p o la riza tio n  s ta tes , s o u rc e /s a m p le /d e te c t io n  g e o m e tr ie s , an d  s ca tte rin g  p ro p e rties  o f  th e  m e d ia  on th e  p o la riza tio n  p ro p e rties  o f 
d e te c te d  light. O u r s im u la tio n  resu lts , co rro b o ra ted  by e x p e rim e n ts , s h o w  th a t th e re  is a  g lu c o s e -u n re la te d  op tica l ro ta tion  o f th e  lin ea r p o la riza tio n  in g e o m e tr ie s  o th e r th a n  th e  
fo rw a rd -s c a tte r in g  g e o m etry . W e  a ls o  p re se n t a  m e th o d  to  d e te rm in e  th e  path leng th  fro m  th e  d irectly  m e a s u ra b le  lin e a r  p o la riza tio n  fractio n , a n d  s h o w  both th e o re tica lly  an d  
e x p e rim e n ta lly  th a t th e  op tica l ro ta tion  is not p ro portiona l to  th e  path  leng th  in h igh ly  sca tte rin g  s itu atio n s. S u ch  fu n d a m e n ta l s tu d ies  a re  n e c e s s a ry  if tu rb id  p o la rim e try  is to  be  
d e v e lo p e d  into a  q u a n tifia b le  in v ivo  too l fo r  g lu c o s e  leve l d e te rm in a tio n  in h u m a n s .

* Financial support from NSERC is gratefully acknowledged.
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In  V ivo  C a d m iu m  M e a s u re m e n t by P ro m p t G a m m a  N e u tro n  A c tiv atio n  A n a ly s is , J o a n n a  G r in y e r ,  S o o -H y u n  B yun a n d  D a v id  R . C h e tt le , M c M a s te r U n ive rs ity  —  T h e  m o n ito r­
ing o f c a d m iu m  lev e ls  in o c c u p a tio n a lly  e x p o s e d  p e rso n s  is im portan t, a s  th is  e le m e n t is know n  to  c a u s e  s e v e ra l he a lth  e ffe c ts . C a d m iu m  is know n  to  a c c u m u la te  in th e  k id n ey s  
a n d  th e  live r so a  n o n -in v a s iv e  te c h n iq u e  o f d e te c tio n  is re q u ire d  in o rd e r to  m o n ito r a c c u m u la te d  lev e ls . A n  in v ivo  p ro m p t g a m m a  neu tro n  activ a tio n  a n a ly s is  p rev ious ly  d e v e l­
o p e d  a t M c M a s te r  U n iv ers ity  w a s  te s te d  a n d  u sed  in th e  m e a s u re m e n t o f  c a d m iu m  in k id n ey  an d  live r p h a n to m s . T h e  m e a s u re m e n t o f  c a d m iu m  is b a se d  on  th e  d e te c tio n  o f 5 5 9  
k e V  g -ra y s  fro m  th e  113C d (n ,g )114C d  re ac tio n  in v ivo. In o rd e r to  lo w e r th e  d e te c tio n  lim it, a  c o m p aris o n  w a s  m a d e  b e tw e e n  th e  u s e  o f tw o  la rg e  s u rfa c e  a re a  p la n a r g e rm a n iu m  
d e te c to rs  (51 m m  d ia m e te r  ' 21 m m  len g th ) a n d  a  s in g le  c o ax ia l g e rm a n iu m  d e te c to r  (4 7  m m  d ia m e te r  ' 4 2  m m  len g th ). T h e  position ing  o f th e  neu tro n  s o u rce , p h a n to m s  an d  
d e te c to rs  w a s  o p tim ize d  to  lo w e r th e  d e te c tio n  lim it fu rther. C a lib ra tio n s  w e re  p e rfo rm ed  using a q u e o u s  k id n ey  a n d  liver p h a n to m s  o f know n  c o n c e n tra tio n s  in o rd e r to  d e te rm in e  
th e  a m o u n ts  o f c a d m iu m  p re se n t in th e  live r a n d  k id n ey s  o f an  o c c u p a tio n a lly  e x p o s e d  ind ividual.

M O -P 9 -7  1 6 h 4 5

O p tic a l A n a ly s is  o f C a ro tid  A th e ro s c le ro tic  P la q u e  using L a s e r In d u c ed  F lu o re s c e n c e , R e n e e  K o r o l 1 2 , A le x a n d ra  L u c a s 2,3, G a ry  F e rg u s o n  2 4 , R o b  H a m m o n d  5, H e le n  F in la y 1 
a n d  P e te r  C a n h a m 1, 1 D e p a rtm e n t o f  M e d ic a l B iophys ics , U n ive rs ity  o f  W estern  O ntario , 2 V a scu la r B io lo g y  R e se a rch  G roup, R o b a rts  R e se a rch  Ins titu te ,  3 D e p a rtm e n t o f  
M ic ro b io lo g y  a nd  Im m u n o lo g y, U n iv ers ity  o f W e s te rn  O n ta r io , 4 D e p a rtm e n t o f C lin ica l N e u ro lo g ic a l S c ie n c e s , U n iv ers ity  o f W e s te rn  O n ta r io  an d  5 D e p a rtm e n t o f  P atho logy, 
U n iv ers ity  o f W e s te rn  O n ta r io  —  B a ck g ro u n d : L a s e r  in d u ced  flu o re s c e n c e  (L IF ) s p ec tro s co p y  is a  n o n d e s tru c tive  op tica l d iag n o stic  te c h n iq u e . A rte ria l b ifu rcatio n s  a re  a s s o c ia t­
e d  w ith  in c re a s e d  in c id e n c e  o f la te r  a th e ro s c le ro tic  p la q u e  grow th  a n d  c e re b ra l a n e u ry s m  fo rm a tio n , tw o  v a s c u la r  p a th o lo g ie s  th a t in itiate  a rte ria l o c c lu s io n s  a n d  rup tu re  (m y o c a r­
d ia l in fa rction s  a n d  s tro k es ); P u rp o se : O u r  o b je c tiv e  is to  in ve s tig a te  re g io n a l c o m p o s itio n a l d iffe re n c e s  o f  a th e ro s c le ro tic  p la q u e s  fro m  p a tien ts  u n d e rg o in g  a  caro tid  e n d a rte re c to ­
m y; M a te r ia ls  a n d  m e th o d s : A rte ria l w a ll w a s  cut o p e n  long itud ina lly  a lo n g  th e  ‘s a d d le ’ reg ion  o f th e  b ifurcation  a n d  p inned  to  a  m ounting  c ard . U s in g  an  op tica l m u lti-c h an n e l 
a n a ly z e r , w e  re co rd e d  10  flu o re s c e n c e  s p e c tra  fo r  e a c h  position  during  exc ita tion  o f th e  a rte ria l s u rfa c e  w ith  an  a rg o n  ion la s e r  (3 5 1 .1 -3 6 3 .8 n m ). M e a s u re m e n ts  included  e x tra c t­
e d  p rote in  (e las tin , c o lla g e n  ty p e  I &  III) , 10  n o rm a l a rte r ie s  ta k e n  fro m  co ro n ary  b y p as s  s u rg ery  an d  16  caro tid  e n d a rte re c to m y  s p e c im e n s . S p e c tra  w e re  n o rm a liz e d  to  m a x im u m  
in tensity. S ta tis tica l a n a ly s is  inc luded  A N O V A  a n d  m u lti- re g res s io n  a n a ly s is . T is s u e  s ec tio n s  w e re  fixed  in fo rm a lin , s ec tio n e d  a nd  s ta in e d  w ith  H e m a to x y lin  &  E o s in , a n d  M o v a t’s 
P e n ta c h ro m e  fo r  h isto log ica l a n a ly s is ; R e su lts : A th ero s c le ro tic  p laq u e  m e a s u re m e n ts  w e re  c ro s s -e x a m in e d  w ith  c o n v e n tio n a l h isto log ic  te c h n iq u e s  an d  m o rp h o m e tric  a n a ly s is , 
w h ich  a llo w s  c h ara c te r iz a tio n  o f d iffe re n t p laq u e  constituen ts: fib ro u s  tis su e , e la s tin , fo a m  c e lls /c h o les te ro l c rys ta ls , c a lc ific a tio n s  a n d  th ro m b u s /h e m o rrh a g e . F o rm u la e  fo r q u a n ­
tificatio n  o f c o m p o s itio n a l c h a n g e s  h a v e  b e e n  d e v e lo p e d  b a s e d  upon resu lts  o f flu o re s c e n c e  e m is s io n  s p e c tra  using m u ltip le  re g res s io n  a n a ly s is ; C o n c lu s io n s : L a s e r  in d u ced  flu o ­
re s c e n c e  s p ec tro s co p y  p ro v id es  a n  e ffe c tiv e  m e th o d  fo r d e te c tin g  re g io n a l d iffe re n c e s  in v a s c u la r  s tru c tu re  a s  it pe rta in s  to  la te  a th e ro s c le ro tic  p la q u e s  an d  th e ir  b ifu rcatio ns. It 
h a s  th e  po te n tia l fo r d iscrim in ating  b e tw e e n  s ta b le  an d  u n s ta b le  p laq u e  in  v ivo.

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-P10] Quantum Information Theory / Théorie de l'information quantique Mo n d a y , Ju n e  14
LUNDI, 14 JUIN

(DTP/ DPT)

14h15 -17h00

[ R o o m /S a l le  : K ild o n a n  ] C h a ir :  R . M a n n , U .W a te rlo o

M O -P 1 0 -1  1 4 h 1 5

R A Y M O N D  L A F L A M M E , Institu te  fo r Q u a n tu m  C o m p u tin g , U n ivers ity  o f W a te r lo o  

N M R  A n d  Q uan tum  In fo rm a tio n  P ro ce ss in g

A d v a n c e s  in co m p u tin g  a re  re vo lu tio n iz in g  o u r w o rld . P re s e n t d a y  c o m p u te rs  a d v a n c e  a t a  rap id  p a c e  to w a rd  th e  b a rrie r d e fin ed  by th e  law s  o f q u a n tu m  physics. T h e  q u a n tu m  
c o m p u ta tio n  p ro g ra m  sh o rt-c ircu its  th a t c o n stra in t by e xp lo iting  th e  q u a n tu m  law s  to  a d v a n ta g e  ra th e r th a n  re g ard in g  th e m  a s  o b s ta c le s . Q u a n tu m  c o m p u te r  a c c e p ts  a n y  s u p e r­
position  o f its inputs a s  an  input, a n d  p ro c e s s e s  th e  c o m p o n e n ts  s im u lta n e o u s ly , p erfo rm ing  a  s o p h is tic a ted  in te rfe re n c e  e x p e r im e n t o f c la s s ic a l inputs. T h is  “q u a n tu m  p a ra lle lis m ”
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a llo w s  o n e  to  e x p lo re  e xp o n e n tia lly  m a n y  tria l so lu tions  w ith  re la tive ly  m o d e st m e a n s , an d  to  s e le c t th e  co rrec t o n e . T h is  h a s  a  particu la rly  d ra m a tic  e ffe ct on  fac to ring  o f large  
in te g ers , w h ich  is a t th e  c o re  o f th e  p re se n t d a y  en cryp tio n  s tra te g ie s  (pub lic  k e y ) u sed  in d ip lo m atic  c o m m u n ic a tio n , a n d  (in c rea s in g ly ) in b u s in es s . A s  d e m o n s tra te d  a p p ro x i­
m a te ly  fiv e  y e a rs  a g o , q u a n tu m  c o m p u te rs  could y ie ld  th e  m ost c o m m o n ly  u sed  en cryp tio n  pro toco l o b s o le te . S in c e  th e n , it w a s  a ls o  re a liz e d  th a t q u a n tu m  c o m p u ta tio n  c an  lead  
to b re ak th ro u g h s  e ls e w h e re , includ ing  s im u la tio n s  o f  q u a n tu m  s y s te m s , im p lem e n ta tio n  o f  novel e n cry p tio n  s tra te g ie s  (q u a n tu m  c ry p to g ra p h y ), a s  w ell a s  m o re  m u n d a n e  a p p lic a ­
tio n s  such  a s  sorting . I w ill d e s c rib e  re ce n t w o rk  d o n e  in q u a n tu m  c o m p u ta tio n , in p a rticu la r I w ill g iv e  a  critical re v ie w  o f th e  N M R  im p lem e n ta tio n , its a c h ie v e m e n ts  a n d  fu tu re  
pro sp ect.

M O -P 1 0 -2  1 4 h 4 5

B A R R Y  C . S A N D E R S , U n ivers ity  o f C a lg a ry

Quantum Information Processing with Continuous Variables

Q u a n tu m  in fo rm ation  th e o ry  is built on  c re a tin g , m a n ip u la tin g  a n d  re ad in g  qub its  y e t s o m e  o f  th e  d ra m a tic  e x p e rim e n ta l s u c c e s s e s , such  a s  u n cond itiona l q u a n tu m  te lep o rta tio n , 
q u a n tu m  c ryp to g rap h y  w ith  c o h e re n t s ta te s , a nd  th re s h o ld  q u a n tu m  s e c re t s h arin g , h a v e  b e e n  a c h ie v e d  fo r  co n tin u o u s  v a r ia b le s . I w ill e x p la in  c o n tin u o u s  v a r ia b le  q u a n tu m  in for­
m a tio n  p ro c es s in g , d iscuss  its re a liz a tio n s  a s  q u a n tu m  o p tics  e x p e rim e n ts , e x p o s e  th e  w e a k n e s s e s , exto l th e  s tren g th s , an d  c o n s id e r its fu tu re . T h e  fie ld  o f c o n tin u o u s  v a r ia b le  
q u a n tu m  in fo rm ation  p ro c es s in g  is exc iting  on  s e v e ra l lev e ls . T h e  m a th e m a tic s  is e le g a n t, an d  th e  q u a n tu m  o p tic s  e x p e rim e n ts  c an  be  u n d e rs to o d  in te rm s  o f  H a m ilto n ia n s  th a t 
o b e y  th e  s ym p le c tic  a lg e b ra . T h e  e x p e rim e n ts  m a k e  u s e  o f  s o p h is tic a ted , y e t w e ll-d e v e lo p e d , te c h n o lo g y  s uch  a s  th e  ab ility  to s q u e e z e  th e  v a c u u m  flu c tu a tio n s  o f  light, perfo rm  
b a la n c e d  h o m o d y n e  d e te c tio n , a n d  p re p a re  h ighly c o h e re n t s ta te s  o f  light. D e c o h e re n c e  is o ften  neg lig ib le  in th e s e  settin g s . T h e s e  a d v a n ta g e s  m a k e  c o n tin u o u s  v a r ia b le  q u a n ­
tu m  in fo rm ation  p ro c es s in g  th e  b est a v e n u e  fo r first p ro o fs -o f-c o n ce p t. T h e  fie ld  fa c e s  fo rm id a b le  c h a lle n g e s , includ ing  en co d in g  q u a n tu m  in fo rm ation  into c o n tin u o u s  v a r ia b le s  
a llow ing  fo r robust e rro r co rrec tio n , a ch ie v in g  n o n lin e a r tra n s fo rm a tio n s  o u ts id e  th e  s ym p le c tic  tra n s fo rm a tio n s  th a t a llo w  un iv ers a l unitary  tra n s fo rm a tio n s  o f  th e  fie ld  w ith o u t s ig ­
n ifican t d e c o h e re n c e , a n d  s ecurity  p roo fs  fo r  q u a n tu m  cryp to g rap h y . T h e s e  c h a lle n g e s  a re  not in su rm o u n ta b le ; ra th e r  th e y  a d d  to th e  e x c ite m e n t o f  th e  fie ld , w h ich  I w ill d iscuss.

1 5 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé

M O -P 1 0 -3  1 5 h 3 0

R A N D Y K O B E S ,  U n iv ers ity  o f  W in n ip e g

Exploring Paths in Adiabatic Quantum Computing
M a n y  s y s te m s , such  a s  q u a n tu m  c o m p u te rs , c an  b e  fo rm u la te d  in te rm s  o f n e tw o rks  o f a  la rg e  n u m b e r o f c o u p led  tw o -le v e l q u a n tu m  s y s te m s . D u e  to  th e  c o m p le x  in te rac tions , 
h o w e ve r, it is d ifficult to in fe r g e n e ra l p ro p e rties  a b o u t th e  evo lu tion  o f  th e  s ys te m . In such  c a s e s  it is o ften  usefu l to c o n s id e r th e  b e h a v io u r o f  th e  s y s te m  w h e n  a  d e g re e  o f  ra n ­
d o m n e s s  is in troduced  in th e  in te rac tio n s , th e  h o p e  be in g  th a t, w h e n  a v e ra g e d  o v e r  la rg e  c la s s e s  o f  ra n d o m n e s s , s o m e  q u a lita tiv e  in fo rm ation  a b o u t th e  evo lu tio n  o f  th e  s ys te m  
c an  be  d e d u c e d . H e r e  w e  d e s c rib e  o n e  s uch  s tudy, w ith  p a rticu la r e m p h a s is  on  s e e in g  th e  d iffe re n c e  b e tw e e n  short an d  long ra n g e  in te rac tions .

M O -P 1 0 -4  1 6 h 0 0

P H IL IP  S T A M P , U n ivers ity  o f  B ritish  C o lu m b ia

Decoherence Mechanisms And The Dynamics Of Decoherence In Qubit Networks
T h e  m a jo r  p ro b le m  con fron ting  th e  construction  o f  q u a n tu m  in fo rm ation  p ro c es s in g  n e tw o rks  o f  a n y  kid is d e c o h e re n c e , c a u s e d  e ith e r  by th e  in te rac tio n s  o f  th e  n e tw o rk  w ith  th e  
surro u n d in g  e n v iro n m e n t, o r  fro m  th e  tim e -d e p e n d e n t c h a n g e s  in th e  n e tw o rk  p a ra m e te rs  a s  c o m p u ta tio n s  o r  p rocess ing  a re  c arried  ou t. To quan tify  d e c o h e re n c e  w e  n e e d  (i) 
re a lis tic  p hysica l m o d e ls  o f  w h a t c a u s e s  it, an d  (ii) m e a n s  o f  calc u la tin g  n e tw o rk  d y n a m ic s . T h e  m a in  d e c o h e re n c e  in s o lid -s ta te  qub it n e tw o rks  a t low  T  c o m e s  fro m  lo ca lized  
e xc ita tio n s  in th e  e n v iro n m e n t (th e  ‘spin  b a th ’) .  H o w  th is  w o rks  is d isc u s se d  q u a n tita tiv e ly  fo r su p erc o n d u c tin g  an d  m a g n e tic  qub it n e tw o rks , an d  c o m p a re d  w ith  e x p e rim e n t. In 
o p tic a l s y s te m s  th e  d e c o h e re n c e  c o m e s  fro m  u n w a n te d  photon  m o d e s . T h e  p ro b le m  o f  n e tw o rk  d y n a m ic s  ra is e s  a  s ec o n d  fu n d a m e n ta l q u e s tio n - h o w  do d e c o h e re n c e  ra tes  
in c re a s e  w ith  th e  n u m b e r o f e n ta n g le d  q ub its?  T h is  qu e stio n  c an  b e  a n s w e re d  in d e ta il w ith  m o d e ls  inco rp orating  spin  a nd  o s c illa to r b a th s  acting  on  ‘q u a n tu m  m e m o ry ’ ne tw o rks . 
If th e re  is tim e  I w ill a ls o  d iscuss  d e c o h e re n c e  fo r  to p o lo g ic a l q u a n tu m  c o m p u te r  des ig n s .

M O -P 1 0 -5  1 6 h 3 0

A C H IM  K E M P F , U n ivers ity  o f W a te r lo o

Towards a Notion of Qubit Density for Quantum Fields in Curved Spacetime
In th e  litera tu re , th e re  is m uch  d iscussion  a s  to w h e th e r  s p a c e tim e  is d isc re te  o r  con tin u o u s . In in fo rm ation  theory , th e  link b e tw e e n  c o n tin u o u s  in fo rm ation  an d  d isc re te  in fo rm a ­
tion  is e s ta b lis h e d  th ro u g h  w e ll-k n o w n  s am p lin g  th e o re m s . S a m p lin g  th e o ry  e x p la in s , fo r e x a m p le , h o w  fre q u e n c y -b o u n d e d  m us ic  s ig n a ls  a re  reco n s tru c tib le  pe rfe ctly  fro m  d is ­
c re te  s a m p le s . I w ill p re se n t a  g e n e ra liz a tio n  o f  s am p lin g  th e o ry  to p s e u d o -R ie m a n n ia n  m a n ifo ld s . T h e  a im  is to p rov id e  a  n e w  s e t o f  m a th e m a tic a l to o ls  fo r th e  s tudy o f  s p a c e ­
tim e  a t th e  P la n c k  s ca le : th e o rie s  fo rm u la te d  on a  d iffe re n tia b le  s p a c e -tim e  m an ifo ld  c an  be  c o m p le te ly  e q u iv a le n t to  la ttice  th e o rie s . T h e re  is a  c lo s e  c o n n ec tio n  to  g e n e ra liz e d  
un c erta in ty  re la tio n s  w h ich  h a v e  a p p e a re d  in string th e o ry  a n d  o th e r s tu d ies  o f  q u a n tu m  gravity .

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-P11] Cuprates in the Extreme Underdoped Limit / Les cuprates dans la 
(D CM M P/DPM CM ) limite extrême sous-dopée

MONDAY, JUNE 14 
LUNDI, 14 JUIN

14h15 -17h00

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  I. H e rb u t,  S F U

M O -P 1 1 -1  1 4 h 3 0

D O U G L A S  B O N N , S im o n  F ra s e r  U n ivers ity  

Dying Gasps of a d-Wave Superconductor
In th e  c u p ra te  s u p e rc o n d u c to r  Y B a 2C u 3Ü 6+x, ho le  dop ing  in th e  C u Ü 2 la y e rs  is co n tro lled  by both o x yg e n  c o n te n t an d  th e  d e g re e  o f  o x y g e n -o rd e rin g . A t th e  com position  
Y B a 2C u 3Ü 6 35, th e  o rd e rin g  c an  o c cu r a t room  te m p e ra tu re , th e re b y  tun ing  th e  ho le  dop ing  so  th a t th e  su p erc o n d u c tin g  critical te m p e ra tu re  g ra d u a lly  rises  fro m  z e ro  to  2 0  K. 
H e re  w e  exp lo it th is  to s tu d y  th e  e le c tro m a g n e tic  p e n etra tio n  d e p th  a s  a  func tion  o f  te m p e ra tu re  a n d  d op ing . T h e  te m p e ra tu re  d e p e n d e n c e  s h o w s  th e  d -w a v e  s u p erc o n d u c to r  
surviv ing  to  v ery  low  d o p in g , w ith  no sign o f  a n o th e r o rd e re d  p h a s e  in te rfe ring  w ith  th e  no d a l q u a s ip a rtic le s . T h e  on ly  a p p a re n t dop ing  d e p e n d e n c e  is a  s m ooth  d e c lin e  o f s u p e r­
flu id  de n s ity  a s  T c d e c re a s e s .

1 5 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé
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M O -P 1 1 -2  1 5 h 3 0

M A R C E L  F R A N Z , U n iv ers ity  o f British C o lu m b ia

N o d a l P ro te c to ra te  in U n d e rd o p e d  C u p ra te s

A m id s t th e  co m p le x ity  c h a ra c te riz in g  th e  b e h a v io r  o f th e  h igh te m p e ra tu re  c u p ra te  s u p erc o n d u c to rs  s e v e ra l fe a tu re s  h a v e  re ce n tly  e m e rg e d  th a t a p p e a r  un iv ers a l (o r n e arly  so) 
a c ro s s  a ll fa m ilie s  o f m a te r ia ls . O n e  such fe a tu re  is th e  d -w a v e  s y m m e try  o f  th e  s u p e rc o n d u c tin g  o rd e r p a ra m e te r  a n d  th e  a s s o c ia te d  “no d a l p ro te c to ra te ” o f c o h e re n t lo w -e n erg y  
q u a s ip a rtic le  exc ita tio n s  th a t a p p e a r  to  pers is t d o w n  to  s trong ly  u n d e rd o p e d  an d  p e rh a p s  e v e n  n o n -su p e rco n d u ctin g  re g io n s  o f th e  p h a s e  d ia g ra m . In th is  ta lk  I w ill ou tline  s o m e  
g e n e ra l ra m ific a tio n s  o f th is  physica l p ictu re  a n d  d isc u s s  co n stra in ts  th a t it im p o se s  on th e  c a n d id a te  m icro s c o p ic  th e o rie s  o f c u p ra te  s u p erc o n d u c to rs .

M O -P 1 1 -3  1 6 h 0 0

M IC H A E L  L. S U T H E R L A N D , U n iv ers ity  o f Toronto

N o d a l M e ta llic  P h a se  in  U n d e rd o p e d  C u p ra tes

E le c tro n s  in c u p ra te s  a d o p t a  re m a rk a b le  s e q u e n c e  o f  g round  s ta te s  a s  o n e  v a r ie s  th e  de n s ity  o f  c h a rg e  carrie rs . A t z e ro  ho le  density , th e  m a te r ia l is a  M o tt in su la to r w ith  sta tic  
lo n g -ra n g e  a n tife rro m a g n e tic  o rder. A t h igh density , it is a  n o rm a l m e ta l w ith  th e  b a s ic  s ig n a tu re s  o f a  F e rm i liquid . A t in te rm e d ia te  density , it is a  s u p e rc o n d u c to r w ith  d -w a v e  
s ym m e try . A  c en tra l ou ts ta n d in g  qu e stio n  is: w h a t is th e  n a tu re  o f th e  u n d e rd o p e d  p h a s e  th a t lies  b e tw e e n  th e  in su la to r a n d  th e  s u p e rc o n d u c to r?  R e c e n t m e a s u re m e n ts  o f  low  
te m p e ra tu re  th e rm a l tra n s p o rt o ffe r n e w  insight into th is  q u e s tio n . W e  tra ck  th e  evo lu tio n  o f th e  res id u a l e le c tro n ic  con tribu tion  to  th e  th e rm a l conductivity ,Kg/T , a c ro s s  th e  c u p ra te  
p h a s e  d ia g ra m . In th e  e x tre m e  u n d e rd o p e d  limit, w e  o b s e rv e  d e lo c a liz e d  fe rm io n ic  e x c ita tio n s  a t z e ro  e n e rg y  in th e  n o n -su p e rco n d u ctin g  s ta te  o f s trong ly  u n d e rd o p e d  
Y B a 2 C u 3 O y. T h is  re v e a ls  th a t th e  g ro u n d  s ta te  o f c le a n  u n d e rd o p e d  c u p ra te s  is m eta llic , a n d  w e  a rg u e  th a t th is  m e ta llic  p h a s e  h a s  a  no d a l s p ec tru m  a k in  to  th e  s u p erc o n d u c to r  
a n d  is th e re fo re  d istinct fro m  th e  m e ta llic  p h a s e  in th e  o v e rd o p e d  re g im e . T h is  co n tra sts  w ith  th e  insu la ting  g ro u n d  s ta te  o b s e rv e d  in u n d e rd o p e d  L a 2 ^ S ^ C u O 4 , likely c a u s e d  by 
th e  s p in -d e n s ity -w a v e  o rd e r p re se n t in th a t s ys te m .

M O -P 1 1 -4  1 6 h 3 0

W IL L IA M  J .L .  B U Y E R S , N a tio n a l R e s e a rc h  C o u n c il

S p in s  a n d  P a ire d  C a rrie rs  in a S u p e rc o n d u c to r  th a t is  N e a rly  an A n tife n o m a g n e t - W ho P u sh e s  W hom ?

N e a r  th e  o n s e t o f superc o n d u c tiv ity , w h e re  th e re  is c o m p etitio n  w ith  th e  n e arb y  a n tife rro m a g n e tic  p h a s e , w e  find th a t th e  spin  re s o n a n c e  in Y B ^ 6+x fo r  x =  6 .3 5  (T c =  19  K ) is a t 
low  e n erg y , is in te n se  an d  is o v e rd a m p e d . Its re la x a tio n  ra te  s lo w s  to  ~ 3  m e V  b e lo w  T c, an  o rd e r o f  m a g n itu d e  lo w e r th a n  th e  re s o n a n c e  e n e rg y  in x = 6 .5 0  (T c= 5 9  K ). It a p p e a rs  
th a t th is  s p ec tra l fe a tu re  w ill tu rn  into th e  spin  w a v e  o f  th e  a n tife rro m a g n e tic  in su la to r o n c e  it is no lo n g e r he ld  up  by in te rac tio n  w ith  th e  g a p p e d  q u a s ip a rtic le s . A t a  fu rth e r  o rd e r  
o f m a g n itu d e  lo w e r in e n e rg y  w e  find  a  h itherto  u n o b s e rv e d  n o n -d iv e rg e n t c en tra l p e a k . A lth o u g h  w e  e x p e c t it to  be  re la te d  to  th e  A F  B ragg  p e a k  o f th e  u n d o p e d  insu lator, th e re  
is no  lo n g -ra n g e  o rd e r s in c e  th e  sp in s  a t all e n e rg ie s  a re  spatia lly  con fin e d  to  a  reg ion  w ith  a  corre la tio n  ra n g e  o f  2  nm  o r a b o u t 5  c e lls . D e s p ite  th e  low  ~ 6 %  dop in g  o f ho le s  th e  
su p erc o n d u c tin g  o rd e r c a u s e s  a  g ra d u a l fre e z in g  o f th e  sp in s , but w ith o u t a  s u d d e n  o n s e t a t T c. T h e  resu lts  d e m o n s tra te  th e  s trong in te rac tion  b e tw e e n  sp in s  an d  c a rrie rs , and  
s u g g e s t th a t th e y  s p o n ta n eo u s ly  re a s s e m b le  to  c a u s e  spin  c o n fin e m e n t.

1. C. Stock, W.J.L. Buyers, et al., Phys. Rev. B 69, 014502 (2004)

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-P12]

(All Orgs)

Panel on Scientific Images in the Public Sphere / Discussion sur les 
images scientifique dans la sphère publique

MONDAY, JUNE 14 
LUNDI, 14 JUIN

14h45 -15h45

[  R o o m s /S a l le s  : B a llr o o m s  B /C  ] C h a ir :  J . E n g lis h ,  U .M a n ito b a

[MO-P13] Genetic Networks / Réseaux génétiques MONDAY, JUNE 14

(DMBP-DCMMP/
DPMB-DPMCM)

LUNDI, 14 JUIN 

15h30 -18h00

[ R o o m /S a l le  : V ic to r ia  ] C h a ir :  P. H ig g s ,  M c M a s te r  U.

M O -P 1 3 -1 1 5 h 3 0

P E T E R  S W A IN , M c G ill U n ivers ity  

S to ch a s tic  G e n e  E xp re ss io n  In  S ing le  C e lls

G e n e ra tio n  o f varia b ility  in po p u la tio n s  o f ce lls , all o f w h ich  h a v e  th e  s a m e  g e n o m e , is e ss e n tia l fo r m a n y  b io log ica l p ro c e s s e s . S u c h  h e te ro g e n e ity  is c o n jec tu re d  to  a r is e  from  
s tochastic ity , o r no is e , in g e n e  e x p re s s io n . W e  s h o w  th e o re tica lly  th a t n o is e  c an  be  d e c o m p o s e d  into an  in trins ic  p ie c e , p a rticu la r to  a  g iven  g e n e , a n d  an  e x trin s ic  te rm , co m m o n  
to  all g e n e s  in a  c e ll, but v a r ia b le  fro m  o n e  cell to  a n o th e r. U s ing  s p ec ia lly  co n stru c ted  s tra in s  o f E s c h e ric h ia  coli, w e  a re  a b le  to  d isc rim in a te  b e tw e e n , an d  m e a s u re , both ty p e s  
o f no ise . W e  d e m o n s tra te  th a t intrinsic  no ise  in d e e d  ex is ts  in v ivo  a n d  a c c o u n ts  fo r a  su b stan tia l portion o f c e ll-c e ll v a ria tio n . A n  a n a ly tica l descrip tio n  o f g e n e  e xp re ss io n  is a lso  
p re s e n te d , w h ich  c o n ta in s  all th e  m a jo r  b io c h em ic a l s te p s  in transcrip tion  a nd  tra n s la tio n . A s  tran scrip tio n  ra te  is v a r ie d , th is  m o d e l c o n firm s  e x p e rim e n ta l fin d in g s  th a t th e  a m p li­
tu d e s  o f both no ise  c o m p o n e n ts  v ary  o v e r  a  w id e  ra n g e . T h e s e  resu lts  re v e a l h o w  lo w  in tra ce llu la r copy  n u m b e rs  c an  fu n d a m e n ta lly  lim it th e  p rec is ion  o f g e n e  e xp re ss io n .

M O -P 1 3 -2  1 6 h 0 0

M A D S  K A E R N , B oston  U n ivers ity

G e n e  R e g u la to ry  S ys tem s: R o le s  O f  P h ys ics  In  P o s t-G e n o m ic  B io lo g y

A d v a n c e s  in h igh th ro u g h p u t m e th o d s  h a v e  e n a b le d  th e  id en tifica tion  o f  th e  m a jo rity  o f g e n e s  a nd  o f  th e  in te rac tio n s  b e tw e e n  th e ir  p roducts  in a  n u m b e r o f m o d e l o rg a n ism s . T h e  
n ext lev e l in g e n o m ic s  an d  p ro te o m ics  w ill be  to  u s e  th is  q u a lita tiv e  in fo rm ation  to  g a in  q u a n tita tiv e  insight into th e  fun c tio n  an d  c h a ra c te ris tic s  o f cell re g u la to ry  s y s te m s . In th is  
ta lk , I w ill s h o w  h o w  te c h n iq u e s  a n d  c o n ce p ts  fro m  p hysics  a n d  m a th e m a tic s  c an  be  c o m b in e d  w ith  b io log ica l k n o w le d g e  to  p rov id e  q u a n tita tiv e  u n d e rs tan d in g  o f  contro l m e c h a ­
n ism s  a t tw o  d istinct lev e ls  o f o rg a n iz a tio n : th e  fo rm a tio n  o f s p a tia l p a tte rn s  in d e ve lo p in g  e m b ry o s  a n d  in th e  reg u la tio n  o f c e ll-c e ll varia b ility  a ris ing  fro m  th e  in h e re n t s to c h as tic  
n a tu re  o f g e n e  e x p re s s io n . I w ill a ls o  d iscuss  o ngo ing  e fforts  to  e x p lo re  th e  c o n s e q u e n c e s  an d  po te n tia l be n e fits  o f  g e n e  e xp re ss io n  no is e  in c e llu la r reg u la tio n .

M O -P 1 3 -3  1 6 h 3 0

V IN C E N T  N O IR E A U X , T h e  R o c k e fe lle r  U n ivers ity

F ro m  In  V itro  G e n e tic  C ircu its  To A n  A rtif ic ia l C e ll

A  c e ll-fre e  e xp re ss io n  e xtra c t h a s  b e e n  u sed  to  a s s e m b le  g e n e tic  c ircu its  in  v it ro . T h e  e x tra c t, w h ich  d o e s  not con ta in  e n d o g e n o u s  D N A  an d  R N A , is u sed  a s  a  s o u rc e  o f e n erg y  
to  c arry  ou t transcrip tion  an d  tra n s la tio n  o f p lasm id  g e n e s . E xp re s s io n  s tops a fte r  6  hours  d u e  to  e n e rg y  c o n su m p tio n , th e  m a x im u m  prote in  production  is tw o  m icro m o lar. In a
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te n  m icro lite rs  reac tion  v o lu m e , w e  e n g in e e re d  tra n s crip tio n a l activ a tio n  an d  re p res s io n  c a s c a d e s , in w h ich  th e  p rote in  p ro d u ct o f e a c h  s ta g e  is th e  inpu t re q u ired  to  d rive  o r block  
th e  fo llow ing  s ta g e . S u b s ta n tia l tim e  d e la y s  an d  d ra m a tic  d e c re a s e s  in ou tp u t production  a re  incu rred  w ith  e a c h  a d d itio n a l s ta g e , d u e  to  a  b o ttlen e ck  a t th e  tra n s la tio n  m ach inery . 
F a s te r  tu rn o v e r o f m e s s e n g e rs  R N A  can  re lie ve  co m p etitio n  b e tw e e n  g e n e s  an d  s ta b ilize  ou tp u t a g a in s t v a r ia tio n s  in input an d  p a ra m e te rs . To  bring th e  s y s te m  a t th e  s c a le  o f 
th e  c e ll, th e  c y to p la s m ic  e x tra c t h a s  b e en  e n c a p s u la te d  in phosp h o lip id s  v e s ic le s  fro m  o n e  to  a  fe w  te n s  o f  m ic ro m e te rs  d ia m e te r . A c cu m u la tio n  o f  th e  G F P  re p o rte r  protein  
s h o w s  th a t th e  e x p re s s io n  is co n fin e d  into th e  v e s ic le s . A  m e m b ra n e  p ore  h a s  b e en  e x p re s s e d  ins ide  th e  v es ic le  to  p e rm e a b iliz e  th e  b ila y e r an d  a llo w  a  s u b s e q u e n t fe e d in g  o f 
th e  v e s ic le s  w ith  nu trien ts . W ith  a  c o n tin u o u s  b io reac to r, o n e  can  th e n  d e v e lo p  fu n c tio n s  to  build a  m in im a l cell.

M O -P 1 3 -4  1 7 h 0 0

T IM  W E S T W O O D , U n ivers ity  o f Toronto

Using DNA Microarrays for Functional Genomic Studies
T h e  s eq u e n c in g  o f an  o rg a n is m ’s g e n o m e  is on ly  th e  first s te p  in th e  fu n c tio n a l a n a ly s is  o f th e  g e n e tic  in fo rm ation  it c o n ta in s . T e ch n o lo g ic a l a d v a n c e s  h a v e  a llo w e d  g e n o m e -w id e  
a n a ly s is  o f such  p h e n o m e n a  a s : g e n e  fun c tio n , g e n e  tra n s crip tio n  an d  d e te c tio n  o f  g e n e tic  a b n o rm a litie s  an d  path o lo g ica l s ta tes . O n e  o f  th e  m ost po w e rfu l a n d  exc iting  o f th e s e  
a d v a n c e s  is D N A  a rra y  b a s e d  para lle l g e n o m e  a n a ly s is . T h is  te c h n iq u e  invo lves  th e  im m o b iliza tio n  o f s p ec ific  D N A s  c o rres p o n d in g  to  h u n d re d s  o r th o u s a n d s  o f g e n e  s e q u e n c e s  
o n to  g la s s  in a  sm all a re a  to  p ro d u c e  a  “m icro  a rra y ”. Typ ica lly , R N A  (o r D N A ) is iso la te d  fro m  contro l an d  e x p e rim e n ta l ce lls  an d  d e te c ta b le  c D N A s  a re  m a d e  fro m  it using flu o ­
re s c e n t n u c leo tid e s . T h e  c D N A s  a re  th e n  h y b rid ize d  to  th e  a rray , a n d  th e  a m o u n t o f  h ybrid iza tion  q u a n tifie d  an d  c o m p a re d  b e tw e e n  th e  d iffe re n t c ond itions . B oth th e  publication  
o f c o m p le te  a n n o ta te d  g e n o m e  s e q u e n c e s  a n d  th e  ava ila b ility  o f E x p re s s e d  S e q u e n c e  Tag  c D N A  co llectio n s  h a v e  m a d e  th e  co n stru ctio n  o f “w h o le  g e n o m e ” m ic ro a rra y s  possib le  
fo r  a  n u m b e r  o f m o d e l o rg a n is m s  (e.g. y e a s t, w o rm s , fru it flies  (Drosophila), a n d  h u m a n s ). T h e  C a n a d ia n  Drosophila M ic ro a rra y  C e n tre  p ro v id es  D N A  m icro a rray s , e x p e rim e n t  
a n d  a n a ly s is  s e rv ic e s  fo r a c a d e m ic  re s e a rc h e rs  a nd  o u r c u rren t m ic ro a rray  re p re s e n ts  a b o u t 8 5 %  o f th e  e s tim a te d  1 4 ,0 0 0  g e n e s  in Drosophila. T h e  ta lk  w ill briefly  ou tlin e  h o w  
th e s e  a rra y s  a re  c o n stru cted  a n d  p rov id e  a  fe w  e x a m p le s  on h o w  th e y  c an  b e  u sed  in fu n c tio n a l g e n o m ic  s tu d ies  includ ing  a scrib ing  fu n c tio n s  to  p rev ious ly  u n k now n g e n e s .

M O -P 1 3 -5  1 7 h 3 0

P a u l H ig g s , McMaster University
Bacterial Phylogenetics and Horizontal Gene Transfer
W e  h a v e  d e v e lo p e d  R N A -s p e c ific  p h y lo g en e tic  m e th o d s  th a t ta k e  a c c o u n t o f th e  c o n s e rv e d  s e c o n d a ry  s tru c tu re  o f R N A s e q u e n c e s  during  co n stru ctio n  o f e vo lu tio n a ry  tre e s . O u r  
m e th o d  u s es  M o n te  C a rlo  s im u la tio n s  to  g e n e ra te  a  re p re s e n ta tiv e  s a m p le  o f e vo lu tio n a ry  tre e s  (a n a lo g o u s  to  an  eq u ilib riu m  e n s e m b le  in p hysics). T h e  cu rren t p ic tu re  o f b a c te r i­
a l e vo lu tion  is b a se d  large ly  on s tu d ies  o f  rib o so m a l r N a . H o w e v e r, th is  is ju s t o n e  g e n e . It is know n  th a t h orizon ta l g e n e  tra n s fe r  can  o c cu r b e tw e e n  b a c te ria l s p e c ie s , a lth o u g h  
th e  fre q u e n c y  an d  im p lic a tio n s  o f th is  a re  not fully u n d e rs to o d . If ho rizo n ta l tra n s fe r  w e re  fre q u e n t, th e re  w o u ld  be  no s in g le  e vo lu tio n a ry  tre e  fo r b a c te r ia  b e c a u s e  e a c h  g e n e  
w o u ld  fo llo w  a  d iffe re n t tre e . W e  s tu d ied  rib o so m a l a n d  tra n s fe r  R N A  g e n e s  fro m  P ro te o b a c te r ia  -  a  d ive rs e  g ro u p  fo r w h ich  m a n y  c o m p le te  g e n o m e  s e q u e n c e s  a re  a v a ila b le .
W e  c o m p a re d  tre e s  fo r  1 6 S  rR N A  an d  2 3 S  rR N A  w ith  th o s e  d e riv e d  fro m  c o n c a te n a te d  a lig n m e n ts  o f m a n y  tR N A  g e n e s . T h e  tR N A  g e n e s  a re  s c a tte re d  th ro u g h o u t th e  g e n o m e s , 
a n d  w o u ld  not fo llo w  th e  s a m e  e vo lu tio n a ry  history if ho rizo n ta l tra n s fe r  w e re  fre q u e n t. N e v e rth e le s s , th e  tR N A  tre e  is c o n s is te n t w ith  th e  rR N A  tre e  in m ost re sp e c ts . M in o r d if­
fe re n c e s  c an  a lm o s t a ll be  a ttr ib u te d  to  un c erta in ty  o r unre liab ility  o f th e  p h y lo g en e tic  m e th o d . W e  th e re fo re  c o n c lu d e  th a t tR N A  g e n e s  g ive  a  c o h e re n t p ictu re  o f  th e  p h y lo g en y  o f 
th e  o rg a n ism s , a n d  th a t ho rizo n ta l tra n s fe r  o f tR N A s  is to o  ra re  to  o b s c u re  th e  s ig n a l o f  th e  o rg a n is m a l tre e . S o m e  tR N A  g e n e s  a re  not p re se n t in all s p e c ie s . W e  d iscuss  possi­
b le  e x p la n a tio n s  fo r th e  o b s e rv e d  p a tte rn s  o f p re s e n c e  a n d  a b s e n c e  o f g e n e s : th e s e  invo lve  g e n e  d e le tio n , g e n e  d u p lica tio n , a nd  m u ta tio n s  in th e  tR N A  a n tico d o n s .

* In collaboration with Bin Tang and Philippe Boisvert, McMaster University

1 8 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[MO-P14]

(C AP !AC P )

NSERC Information Session for Existing Grant Holders / Session 
d'information du CRSNG pour les détenteurs actuels de bourses
(S ee  p a g e  2 0  f o r  d e ta i ls  /  V o ir  p a g e  2 0  p o u r  d e s c r ip t io n )

MONDAY, JUNE 14 
LUNDI, 14 JUIN

16h00 - 17h00

[ R o o m /S a l le  : S tr a th c o n a  ] C h a ir :  M . M o rro w , M U N

[MO-P15]

(All Orgs)

Scientific Imaging and Visualization - contributed / Imagerie et 
visualisation scientifiques - contribuées

MONDAY, JUNE 14 
LUNDI, 14 JUIN

16h15 - 17h30

[ R o o m s /S a l le s : B a llr o o m s  B /C  ] C h a ir :  M . B r o n s k i l l ,  U .T o ro n to

M O -P 1 5 -1 1 6 h 1 5

T h e  S q u a re  K ilo m etre  A rray , G ille s  J o n c a s , Université Laval —  A d v a n c e s  in o b s erv a tio n  an d  th e o ry  h a v e  b rought th e  c u rren t g e n e ra tio n  o f a s tro n o m e rs  to  th e  b rink  o f u n d e r­
s ta n d in g  th e  orig in  an d  evo lu tio n  o f th e  U n iv e rs e . T h e  n e xt m a jo r  s te p , to  e x p lo re  th e  e a r lie s t e p o c h s  o f th e  evo lu tio n  o f th e  U n iv e rs e  b e fo re  a n d  during  th e  d a w n  o f first light, and  
to  tra c e  th e  s u b s e q u e n t fo rm a tio n  an d  e vo lu tion  o f p rim ord ia l g a la x ie s , w ill re q u ire  a  g ian t te le s c o p e  o p e ra tin g  a t ra d io  w a v e le n g th s . S c ie n tis ts  an d  e n g in e e rs  fro m  th irty -fo u r insti­
tu te s  in fiftee n  c o u n tries  h a v e  jo in e d  to g e th e r  to  d e s ig n  a n d  c onstruct a  rad io  te le s c o p e  having  a  to ta l co llecting  a re a  o f o n e  m illion s q u a re  m e te rs . T e ch n o lo g ic a l a d v a n c e s  m a k e  
it pos sib le  to  build s uch  a  te le s c o p e  -  th e  S q u a re  K ilo m etre  A rra y  (S K A ) -  in th e  n ext d e c a d e , a t a  cost o f a b o u t 1 billion do llars . C a n a d a  h a s  p layed  a  lead ing  ro le  in th e  S K A  
in itiative  s in ce  its ince p tio n , a nd  C a n a d ia n  te c h n o lo g ic a l in novation  h a s  g e n e ra te d  o n e  o f th e  lea d in g  c o n ce p ts  fo r th e  S K A  te c h n o lo g y , th e  L a rg e  A d a p tiv e  R e fle c to r. A  c onsortiu m  
o f un ivers ities , in p a rtn e rsh ip  w ith  th e  N a tio n a l R e s e a rc h  C o u n c il a n d  Industry, is d e ve lo p in g  th is  te c h n o lo g y  w ith  p lan s  to  build a  d e m o n s tra to r  te le s c o p e , th e  C a n a d ia n  L a rg e  
A d a p tiv e  R e fle c to r  (C L A R ). Until th e  c o m p le tio n  o f th e  S K A , th e  C L A R  w ill be  th e  larg e s t te le s c o p e  in th e  w o rld . Its un iq u e  c a p a b ilit ie s  w ill a llo w  C a n a d ia n  sc ien tis ts  to  lea d  th e  
w o rld  in key a re a s  o f h igh s ens itiv ity  as tro p h ys ics , fo r  e x a m p le  m e as u rin g  th e  e q u a tio n  o f s ta te  o f th e  U n iv e rs e , charting  th e  la rg e  s ca le  s tru c tu re  o f th e  U n iv e rs e  a nd  th e  C o s m ic  
W e b , an d  m ap p in g  th e  pu ls ar p opu la tion  in th e  M ilky  W a y .

M O -P 1 5 -2  1 6 h 3 0

E vo lu tion  M e e ts  A s tro p h ys ics : U s ing  A d v a n c e d  G e n e tic  A lg o rith m s  to  S e a rc h  a n d  V is u a liz e  L a rg e  P a ra m e te r  S p a c e s * , J a s o n  F ie g e , NRC Herzberg Institute of Astrophysics —  
A s tro p h y s ic a l d a ta  m od e lin g  o ften  re q u ire s  la rg e -s c a le  m u lti-d im e n s io n a l p a ra m e te r  s e a rc h e s  to  find  c la s s e s  o f m o d e ls  th a t b e st re p re s e n t h e te ro g e n e o u s , an d  o ften  noisy, d a ta  
s ets . I in tro d u c e  an  e x tre m e ly  g e n e ra l c o m p u ta tio n a l te c h n iq u e  b a se d  on a n  a d v a n c e d  m u lti-o b je c tiv e  g e n e tic  a lg o rith m  th a t is w e ll su ited  fo r d ifficult p a ra m e te r  e xp lo ra tio n  and  
o p tim iza tio n  p ro b le m s  th a t a re  o ften  e n c o u n te re d  in th e  p hysica l s c ie n c e s . I p re se n t resu lts  fro m  tw o  d iffe ren t a s tro p h ys ica l re s e a rc h  p ro b le m s . T h e  first a p p lic a tio n  is a  g e n etic  
a lg o rith m -b a s e d  m od e lin g  s y s te m  fo r p o la riza tio n  d a ta , w h ich  fo rm s  th e  c o re  c o m p o n e n t o f an  a u to m a te d  th e o re tic a l d a ta -m o d e lin g  p ip e lin e  th a t I a m  build ing fo r a rch iv a l J C M T  
S C U B A  d a ta  a n d  fu tu re  S C U B A -2  m o le c u la r  c lou d  p o la riza tio n  s u rve ys . I c o n c lu d e  w ith  a  d iscussion  o f n e w  m o d e ls  o f  th e  in te rn a l s truc tu re  o f th e  Jo vian  m oon  E u ro p a , w h e re  I 
h a v e  c o u p led  m y m u lti-o b je c tiv e  g e n e tic  a lg o rith m  to  a  p lan e ta ry  s tru c tu re  c o d e  to  find  th e  c la s s  o f a ll m o d e ls  th a t a g re e s  w ith  d a ta  o b ta in e d  by th e  G a lile o  orb iter. I s h o w  th a t  
m ost m o d e ls  a re  c o n s is te n t w ith  d e e p  o c e a n s  o f liquid s a ltw a te r  e n c ru s te d  by a  ra th e r th in  s u rfa c e  ice  layer.

* This work is being supported by NRC/HIA.

M O -P 1 5 -3  1 6 h 4 5

E n e rg y  D is p e rs iv e  X -R a y  D iffraction  M e a s u re m e n ts  U s ing  a  C a d m iu m  Z in c  Te llu ride  D e te c to r* , M .M  B o ile a u  an d  R .J . Lec la ir, Laurentian University —  A n  e n e rg y  d isp ers iv e  x -  
ray d iffraction  te c h n iq u e  is u sed  to  m e a s u re  th e  to ta l d iffe ren tia l sca tte rin g  c ro ss  sec tion  m s [m -1s r -1] o f a  s m a ll 1 0 0  μL  H 2O  s a m p le  using a  c a d m iu m  z in c  te llu rid e  d e te c to r  o f
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d im e n s io n s  3  m m  x 3  m m  x 2  m m . O u r  s em ia n a ly tic  x -ra y  d iffraction  m o d e l re v e a ls  th a t μ 5 can  be  e x tra c te d  a s  fo llow s: th e  s c a tte r  d a ta  is n o rm a lize d  by th e  inc iden t s p ec tru m  
a n d  c o rrec tio n s  fo r  a tte n u a tio n  a re  a p p lie d . V erific atio n  o f th e  te c h n iq u e  is p e rfo rm ed  using  w a te r  s in c e  its d iffraction  s ign al is w ell k now n . A  7 0  k V  b e a m  w ith  1 .3 5  m m  A l filtration  
w a s  u s ed . In th e  m e a s u re d  s p ec tru m  w e  o b s e rv e  d is to rtions  th a t a re  m a in ly  c a u s e d  by ho le  tra p p in g . In th e  e n e rg y  ra n g e  2 5  to  4 0  keV , h o w e ve r, th e  re s p o n s e  o f th e  d e te c to r  is 
g o o d . F o r th e  s c a tte r  m e a s u re m e n ts , a  1 m m  d ia m e te r  pencil b e a m  is in c id en t on a  5  m m  th ick  s a m p le  o f H 2 O . W e  c h o s e  to  e xtra c t μ 5 w ith  an  a v e ra g e  reso lu tion  o f 0 .1 4  nm -1 in 
th e  m o m e n tu m  tra n s fe r  a rg u m e n t, x =X -1s in ^ /2 ) .  T h e  m e a s u re m e n t tim e s  w e re  21 m in u te s  an d  th e  a v e ra g e  e n tra n c e  e x p o s u re  a t th e  ta rg e t w a s  4 2 0  R . T h e  s c a tte r  s ig n a l at 
θ = 6 .2 °  an d  in th e  ra n g e  1.1 n m -1 < x < 1 .7  nm -1 y ie ld e d  a  χ 2= 2 .3 5  w h ile  s c a tte r  a t 9 .3 °  in th e  ra n g e  1 .6  n m -1 < x < 2 .6  nm -1 g a v e  χ 2= 1 .7 3 . A  2 8  m in u te  m e a s u re m e n t a t 9 .3 o with  
a  3  m m  th ick  s a m p le  g a v e  a  s im ila r s ig n a l w ith  χ 2= 2 .4 8 .  W e  w ill u s e  th is  te c h n iq u e  fo r  th e  c h a ra c te r iz a tio n  o f b re a s t tissu e .

* This work is being supported by NSERC.

M O -P 1 5 -4  1 7 h 0 0

A p p lic a tio n  o f X -ra y  B a c k s c a tte r  Im a g in g  to  E xp lo s ive  D e v ic e  D e te c t io n , A n t h o n y  A . F a u s t ,  Defence R&D Canada —  D e fe n c e  R & D  C a n a d a  (D R D C ) h a s  an  a c tiv e  re s e a rc h  a nd  
d e v e lo p m e n t p ro g ra m  on d e te c tio n  o f  e xp lo s ive  d e v ic e s  using n u c le a r  m e th o d s . O n e  s y s te m  u n d e r d e v e lo p m e n t is a  c o d ed  a p e r tu re -b a s e d  X -ra y  b a c k s c a tte r  im ag in g  d e te c to r  
d e s ig n e d  to  p rov id e  su ffic ien t s p e e d , c o n tra s t a nd  sp atia l reso lu tion  to  d e te c t a n tip e rs o n n e l la n d m in e s  a n d  im p ro vis ed  e xp lo s ive  d e v ic e s  (IE D ).  C o d e d  a p e rtu re  im ag ing  h a s  b een  
u sed  by th e  o b s e rv a tio n a l g a m m a  a s tro n o m y  c o m m u n ity  fo r  a  n u m b e r o f y e a rs . H o w e v e r, it h a s  b e e n  a d v a n c e s  in th e  fie ld  o f m e d ic a l n u c le a r  im ag in g  an d  X -ra y  d e te c to r  c o n ­
struction  th a t h a v e  m a d e  a  c o d ed  a p e rtu re  h a n d -h e ld  im ag in g  s y s te m  on ly  a  re ce n t possibility. W h ile  th e  fina l o b je c tiv e  is to  fie ld  a  h a n d -h e ld  d e te c to r, th e  s c o p e  o f th is  re se arc h  
e ffo rt is c u rren tly  c o n stra in e d  to  a  d e s ig n  th a t c an  b e  fie ld ed  on a  s m all robotic  p la tfo rm . T h e  s u cc e ss fu l d e v e lo p m e n t o f a  h a n d -h e ld  im ag in g  d e te c to r  re q u ire s , a m o n g  o th e r  
th in g s , a  lig h t-w e ig h t, ru g g e d iz e d  d e te c to r  w ith  lo w  p o w e r re q u ire m e n ts , s upp ly ing  h igh s p atia l reso lu tion . T h e  U n iv ers ity  o f C a lifo rn ia , S a n  D ie g o  (U C S D ) d e s ig n e d  H E X IS  d e te c ­
to r  p ro v id es  a  m o d e rn , la rg e  a re a , h ig h -te m p e ra tu re  C Z T  im ag in g  s u rfa ce , robustly  p a c k a g e d  in a  ligh tw eig h t housing  w ith  s ound  m e c h a n ic a l p ro p e rties . B a s e d  on th e  po tentia l 
fo r  th e  H E X IS  d e te c to r  to  be  in co rp o ra te d  a s  th e  d e te c tio n  e le m e n t o f a  h a n d -h e ld  im ag in g  d e te c to r, th e  a u th o r in itiated  a  c o lla b o ra tive  e ffo rt w ith  th e  U C S D  to  d e m o n s tra te  th e  
cap a b ility  o f  a  c o d ed  a p e r tu re -b a s e d  X -ra y  b a c k s c a tte r  im ag in g  d e tecto r. T h is  p re se n ta tio n  w ill d isc u s s  th e  la n d m in e  an d  IE D  d e te c tio n  p ro b le m  a nd  re v ie w  th e  co d ed  a p e rtu re  
te c h n iq u e . R e su lts  fro m  initial p ro o f-o f-p rin c ip le  e x p e rim e n ts  w ill th e n  be  rep o rted .

M O -P 1 5 -5  1 7 h 1 5

T h e  D ig ita l R a d io g ra p h ic  A n d  C o m p u te d  T o m o g ra p h y  Im a g in g  O f  T w o  T y p e s  O f  E xp lo s ive  D e v ic e s , E d u a r d o  G a lia n o , Laurentian University —  S in c e  th e  te rro ris t a tta c k s  on th e  
W o rld  T ra d e  C e n te r  on 9 /1 1 /0 1 ,  g o v e rn m e n ts  a n d  th e  g e n e ra l public  h a v e  fo c u s e d  s ig n ifican t a tten tio n  on  th e  issue  o f a irp o rt s ecu rity  [1]. T w o  w ell e s ta b lis h e d  m e d ic a l im ag ing  
m e th o d s , d ig ita l rad io g ra p h y  (D R ), a n d  c o m p u te d  to m o g ra p h y  (C T ) w e re  e m p lo y e d  to  ob ta in  im a g e s  o f tw o  ty p e s  o f e xp lo s ive  d e v ic e s - m in ia tu re  rocke t e n g in e s  a nd  sho tgun  
s h e lls  [2]. T h e  im a g e s  w e re  e v a lu a te d  fro m  an  a irp o rt s ecurity  p e rs p e c tiv e  w h e re  o n e  c h a lle n g e  is th a t o f  d e te c tin g  e xp lo s ive  d e v ic e s  c la n d e s tin e ly  in troduced  ins ide  c h ec k ed  
b a g g a g e  [3]. In te rm s  o f  g e o m e tr ic a l s h a p e , th e  d e te c tio n  p robability  o f  th e  e xp lo s ive  d e v ic e s  a p p e a rs  to  be  h ig h e r w ith  D R  im ag in g , but in te rm s  o f th e  a c tu a l e xp lo s ive  c o m ­
p o u n d s  in th e  d e v ic e s , C T  a p p e a rs  to  o ffe r a  h ig h e r d e te c tio n  probability . D R  im ag ing  o ffers  a  low  d e te c tio n  p robability  fo r th e  e x p lo s iv e  p o w d e r in th e  sho tgun  s h e lls , but a  ra th e r  
s ig n ifican t d e te c tio n  p robab ility  fo r th e  e x p lo s iv e  p ro p e lla n t in th e  rocke t e n g in es .

1. Croft, J, “Baggage deadline to refocus standards”, Aviation Week & Space Technology. 01/7/02 pp 51-52, (2002).
2. Stine, G.H., “Model rocket motors”, in The handbook o f model rocketry 6th Ed., , John Wiley & Sons, New Cork, pp 68-69, (1994).
3. Williams, G., “A substantial number of inspectors will have to be trained worldwide to ensure that safety oversight obligations are met”, ICAO Journal 55, 8, pp 14-18, (2000).

1 7 h 3 0  S e s s io n  E n d s  I  F in  d e  la  s e s s io n

[MO-P16] Improving the Climate for Women in Physics I 
(CAP/acP) Amélioration du climat pour les femmes en physique

MONDAY, JUNE 14 
LUNDI, 14 JUIN

17h00 - 19h00

[ R o o m /S a l le  : C o lb o u r n e  ] C h a ir :  B . F r is k e n ,  S F U

M O -P 1 6 -1  1 7 h 0 0

B A R B A R A  L. W H IT T E N , C o lo ra d o  C o lle g e

What Works for Women in Undergraduate Physics?
T h e  partic ipa tion  o f w o m e n  in p hysics  h a s  in cre a se d  in re ce n t y e a rs , but th e  p e rc e n ta g e  o f  w o m e n  in u n d e rg ra d u a te  p hysics  is still less  th a n  h a lf th a t in m a th e m a tic s  a nd  c h e m ­
istry T h is  is d u e  in la rg e  part to  th e  “lea k y  p ip e lin e ”— w o m e n  b e c o m e  m o re  s c a rc e  in p hysics  w ith  e v e ry  s te p  up th e  a c a d e m ic  ladd er. T h e  larg e s t d e c re a s e  o c cu rs  b e tw e e n  high  
sch o o l p hysics  an d  c o lle g e  g ra d u atio n , so  it is w o rth w h ile  to  look a t h o w  u n d e rg ra d u a te  p hysics  d e p a rtm e n ts  try to  m a k e  w o m e n  c o m fo rta b le . W ith  a  te a m  o f w o m e n  physic ists , I 
v is ite d  n ine  u n d e rg ra d u a te  p hysics  d e p a rtm e n ts  in th e  U S . W e  c o m p a re d  th o s e  th a t a re  su cc e ss fu l in produc ing  a  la rg e  p e rc e n ta g e  o f w o m e n  m a jo rs  (a b o u t 4 0 % ) w ith  th o s e  th a t 
a re  m o re  ty p ica l o f  th e  n a tio n a l a v e ra g e  (a b o u t 2 0 % ).  W e  fo u n d  th a t th e  m ost im p o rtan t fa c to r  is a  w a rm  a n d  fe m a le -fr ie n d ly  d e p a rtm e n t c u ltu re  th a t re a c h e s  out to  introductory  
s tu d e n ts . I'll d iscuss  th e  fa c to rs  th a t m a k e  up  a  fe m a le -fr ie n d ly  c u ltu re , an d  d e s c rib e  o th e r resu lts  o f o u r re s e a rc h .

1 8 h 0 0  D is c u s s io n

1 9 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[m o -s t u d ] Best Student Paper Competition I Concours de la meilleure commu- 
(CAP/acP) nication étudiante

MONDAY, JUNE 14 
LUNDI, 14 JUIN

17h00 - 19h00

[ R o o m /S a l le  : A lb e r t  ] C h a ir :  M . M o rro w , M U N

[MO-PiC]

(CAPIACP)

Physics in Canada Editorial Board Meeting I
Réunion du Comité de rédaction de La physique au Canada

MONDAY, JUNE 14 
LUNDI, 14 JUIN

17h30 - 19h00

[ R o o m /S a l le  : W e s tm in s t e r  ] C h a ir :  J .S .C . M c K e e , U .M a n ito b a

[MO-P17]

(CASCA)

NSERC GSC-017: Possible Change to Funding Envelope in 
Astronomy I CRSNG GSC-017 : Modification possible du financement 
d’enveloppe pour l ’astronomie

MONDAY, JUNE 14 
LUNDI, 14 JUIN

17h30 - 18h15

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  G. H a rr is ,  U .W a te rlo o
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[MO-CJP] CJP Editorial Board Meeting / Réunion du Comité de rédaction de la
(C JP /RCP) RCP

MONDAY, JUNE 14 
LUNDI, 14 JUIN

18h00 - 20h30

[ R o o m /S a l le  : H e a r t la n d  B o a r d r o o m  /  P r iv a te  D in in g  R o o m  ] C h a ir :  G.W.F. D ra k e , U .W in d s o r

[MO-POS] Poster Session, with Beer / Session d’affiches, bière servie
(All Orgs)

MONDAY, JUNE 14 
LUNDI, 14 JUIN

19h00 - 21h00

[ R o o m /S a l le  : W in n ip e g  C o n v e n t io n  C e n tr e  ] C h a ir :  n /a

Tuesday, June 15 Mardi, 15 juin
[TU-A1] Meeting of the Canadian National IUPAP Liaison Committee / 
(C N ILC /CLNCI) Réunion du comité de liaison national canadien (IUPAP)

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

07h00 - 09h00

[ R o o m /S a l le  : P r iv a te  D in in g  R o o m  ] C h a ir :  G.W.F. D ra k e , U .W in d s o r

[TU-A2] Plenary Session / Session plénière
(CAP/ACP)

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

08h30 - 09h15

[ R o o m /S a l le  : B a llr o o m  B  ] C h a ir :  M . P a ra n ja p e , U .M o n tre a l

T U -A 2 -1  0 8 h 3 0

N IM A  A R K A N I-H A M E D , H a rv a rd  U n ivers ity

The Crises of Frontier Physics: From the Hubble Length to the Planck Length
O u r d e scrip tion  o f th e  b as ic  in te rac tio n s  in n a tu re , b a se d  on th e  s ta n d ard  m o d e l o f  partic le  physics  a n d  g e n e ra l re lativ ity, is in s p e c ta c u la r  a g re e m e n t w ith  a ll kn o w n  e x p e rim e n ts . 
H o w e v e r, it is a lm o s t certa in ly  fu n d a m e n ta lly  in co m p le te . A t v e ry  short d is ta n c e s , v io le n t q u a n tu m -m e c h a n ic a l flu c tu a tio n s  im ply  a  b re a k d o w n  in o u r notion  o f s p a c e -tim e . 
M e a n w h ile , tw o  striking c lu e s  fro m  N a tu re  s u g g e s t th a t w e  a re  m iss ing  im p o rtan t n e w  p hysica l p rin c ip le s : th e  e x tre m e  w e a k n e s s  o f g ra v ity  re la tiv e  to th e  o th e r fo rc e s , a s  w e ll as  
th e  e x tra o rd in a ry  fla tn e s s  o f  o u r o b s e rv a b le  u n iv ers e , a p p e a r  to  re q u ire  a b su rd ly  fin e ly  a d ju s te d  c h o ic e s  fo r  v a r io u s  p a ra m e te rs  o f th e  theory . In th is  ta lk  I w ill re v ie w  a tte m p ts  at 
a d d re s s in g  th e s e  m y ste ries , an d  d iscuss  th e  w a y s  in w h ich  th e s e  id e a s  w ill be  te s ted  e x p e rim e n ta lly  in th e  com in g  d e c a d e .
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[ R o o m /S a l le  : A lb e r t  ] C h a ir :  L .J . S c h re in e r , Q u e e n 's  U.
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3 -D  V erific a tio n  o f IM R T  T re a tm e n ts  using a F la t -P a n e l E P ID *, B ra d  W a r k e n t in  1 2 , S . S te c iw  1, S . R a th e e  1 2 , B .G . F a llo n e  1 2 , 1 C ro s s  C a n c e r  Institu te  a n d  2 U n iv ers ity  o f  
A lb e rta  —  A 3 - D  IM R T  v erific a tio n  p ro c e d u re  b a se d  on use  o f th e  V a ria n  a S 5 0 0  E P ID  to  m e a s u re  in c id en t flu e n c e  p rofiles  is d e s c rib e d . F lu e n c e s  a re  e x tra c te d  fro m  ra w  E P ID  
im a g e s  by a pp ly ing  a  de co n v o lu tio n  m e th o d  e m p lo y in g  k ern e ls  u sed  to  d e s c rib e  th e  d o s e -d e p o s itio n  a n d  sca tte rin g  p ro p e rties  d e te rm in in g  th e  E P ID ’s d o s e -re s p o n s e . G o o d  
a g re e m e n t h a s  b e en  sh o w n  b e tw e e n  p rofiles  m e a s u re d  w ith  th e  E P ID  an d  in -a ir  m e a s u re m e n ts  m a d e  w ith  a  d ia m o n d  d e te c to r. In  o u r 3 -D  te c h n iq u e , E P ID  im a g e s  o f th e  M L C  
s te p -a n d -s h o o t d e liv e ry  a n d  th e  co rres p o n d in g  “o p e n -fie ld ” a re  a c q u ire d  fo r  e a c h  IM R T  fie ld . T h e  m e a s u re d  flu e n c e  m o d u la tio n s  a re  im p o rte d  into o u r c o m m e rc ia l tre a tm e n t p la n ­
ning s y s te m  (T P S ),  w h ich  is th e n  u sed  to  c a lc u la te  a  3 -D  d o s e  d istrib u tion . T h e  verific atio n  con sis ts  o f  c o m p arin g  th is  “m e a s u re d ” d o s e  d istrib u tion , b a se d  on E P ID -m e a s u re d  flu ­
e n c e s , to th e  orig inal “c a lc u la te d ” d o s e  d istrib ution , b a se d  on flu e n c e s  m o d e le d  by th e  T P S . T h e  a d v a n ta g e  o f  this 3 -D  te c h n iq u e  is th a t d o s im e tric  e rro rs  c an  be  q u a n tifie d  an d  
d isp la y ed  w ith  re s p e c t to th e  3 -D  p a tien t a n a to m y , in co n tra st to  c o n ve n tio n a l 2 -D  verific atio n  te c h n iq u e s  w h e re  2 -D  d o s e  e rro rs  a t a  s in g le  d ep th  in a  h o m o g e n e o u s  p h a n to m  a re  
c a lc u la te d . T h e  3 -D  te c h n iq u e  a ls o  a llo w s  e s tim a tio n  o f c u m u la tiv e  u n c e rta in tie s  a ris ing  fro m  a ll fie ld s  co m p ris in g  an  IM R T  tre a tm e n t. A  p re lim in a ry  3 -D  verific atio n  s h o w e d  a  
neg lig ib le  d iffe re n c e  b e tw e e n  “m e a s u re d ” a n d  “c a lc u la te d ” m e a n  d o s e s  in th e  tu m o r v o lu m e , but “m e a s u re d ” d o s e s  tha t w e re  up  to 5  G y  la rg e r in certa in  critical s tru c tu res . S u ch  
in fo rm a tio n , u n a v a ila b le  w ith  2 -D  te c h n iq u e s , s u g g e s ts  th a t 3 -D  verific atio n  m a y  p rov id e  u sefu l a d d itio n a l insight into th e  c lin ical s ig n ific a n ce  o f  IM R T  d e liv e ry  un c erta in tie s .

* This work is being supported by ACB and AHFMR.
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B e n c h m a rk in g  A  M u lti-L e a f C o llim a to r P artic le  T ra n sp o rt A lg o rith m  F o r IM R T  F ie ld  V erific a tio n *, G a v in  C r a n m e r -S a r g is o n ,  I.A . P o p e s c u , W .A . B e c k h a m , S . Z a v g o ro d n i, 
U n iv ers ity  o f V ic to ria  —  A s  in tensity  m o d u la te d  rad ia tio n  th e ra p y  te c h n iq u e s  h a v e  b e c o m e  c lin ically  v ia b le  th e  n e e d  fo r a c c u ra te  d o s e  c a lc u la tio n s  h a s  n e v e r  b e e n  so g re a t. W ith  
th e  re ce n t in c re a s e  in co m p u tin g  p o w e r m a n y  in ve s tig a to rs  h a v e  w o rk e d  to d e v e lo p  a c c u ra te  M o n te  C a rlo  (M C ) m e th o d s  fo r  m o d e llin g  IM R T  tre a tm e n t p lan s . T h e  goa l o f this  
p ro jec t w a s  to  im p le m e n t a n d  b e n c h m a rk  o n e  such  M o n te  C a rlo  m u lti-le a f c o llim a to r (M L C ) p artic le  tra n s p o rt a lg o rith m . B e n c h m a rk  d a ta  included  both s ta tic  an d  d y n a m ic  M L C  
s e q u e n c e s  a n d  c u lm in a te d  w ith  d o s e  c a lc u la tio n s  be in g  p e rfo rm ed  fo r ind ividual IM R T  p a tien t fie ld s . M o d e lle d  d o s e  d is trib u tions  w e re  c o m p a re d  w ith  film  m e a s u re m e n ts  and  
a n a ly s e d  using an  in -h o u s e  s o ftw a re  p a c k a g e . T h e  resu lts  s h o w e d  th a t fo r  v a r io u s  fie ld s  th e  M C  c a lc u la te d  d o s e  d is trib u tions  w e re  w ith in  2 %  o f th e  film  d a ta  an d  re v e a le d  d e ta ils  
u n re so lv ed  by a  c o m m e rc ia l tre a tm e n t p lan n in g  s ys te m .

* This work is being supported by NSERC.
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D o s e  T ra ck in g  fo r  A d a p tiv e  R a d ia tio n  T h e ra p y , B r y a n  S c h a ly  1, J erry  J. B a ttis ta  2 an d  J a k e  V a n  D y k  3, 1 London Regional Cancer Centre, 2 London Health Sciences Centre 
and 3 University of Western Ontario —  T h e  goa l o f th is  w o rk  is to  p rov id e  a  m e th o d  o f tra ck in g  th e  d o s e  d istribution  th ro u g h o u t a  c o u rs e  o f rad ia tio n  tre a tm e n t, by a c c o u n tin g  fo r  
th e  p a tien t s e tu p  un c erta in ty  a n d  o ngo ing  c h a n g e s  in a n a to m y . W e  h a v e  d e v e lo p e d  a  3 D  “d o s e -w a rp in g ” a lg o rith m  b a s e d  on a  d e fo rm a b le  m o d e l (th in -p la te  s p lin e ) a lo n g  w ith  a  
c o n v e n tio n a l tre a tm e n t p lan n in g  s y s te m  fo r d o s e  c a lc u la tio n s . In  th is  w o rk , w e  d e te rm in e  th e  m a g n itu d e  o f  d o s e  d iffe re n c e s  fro m  th e  p lan n ed  d o s e  d istribution fo r th re e  setu p  
s c e n a rio s  fo r p ro s ta te  c a n c e r  tre a tm e n t using  a  s ix -fie ld  18  M V  c o n fo rm a l te c h n iq u e: (1 ) A lig n m e n t o f th e  tre a tm e n t b e a m s  to  e x te rn a l m a rk e rs  in th e  p a tien t C T  s c a n s  th u s  re p re ­
s en tin g  a  tre a tm e n t w ith o u t im a g e  g u id a n c e , (2 ) da ily  a lig n m e n t to  th e  bony a n a to m y  to  m in im ize  s e tu p  e rro r  (i.e., porta l im ag in g ) an d  (3 ) da ily  a lig n m e n t to  th e  p ro s ta te  to  m in i­
m iz e  in te r-fraction  tu m o u r m otion  (i.e., u ltrasoun d  o r C T  im a g e  g u id a n c e ). O u r  resu lts  s h o w  th a t th e  d o s e  d e liv e ry  to  th e  p ro s ta te  im p ro ve s  w ith  da ily  g e o m e tr ic  tre a tm e n t a d ju s t­
m ents ; th e  larg e s t n e g a tiv e  d o s e  d iffe re n c e  in th e  p ro s ta te  im p ro ve s  by ~ 5 % . A ls o , th e  larg e s t pos itive  d o s e  d iffe re n c e  in th e  re c tu m  im p ro ve s  by ~ 2 5 %  (to  less  th a n  1 0 % ) w h e n  
alig n in g  th e  tre a tm e n t b e a m s  to  th e  p ro s ta te . H o w e v e r , n o rm a l tis su e  sp arin g  m a y  not im p ro ve  in s o m e  critical o rg a n s  d e p e n d in g  on th e  re q u ire d  shift o f th e  tre a tm e n t b e a m s .
O u r  m eth o d o lo g y  s h o w s  q u a n tita tiv e ly  th e  im p ro v e m e n ts  o f da ily  re a lig n m e n t o f th e  tre a tm e n ts  to  th e  p ro s ta te  ta rg e t, c o m b in e d  w ith  reduction  o f  m a rg in s  a n d /o r  tre a tm e n t m od ifi­
c a tio n . T h is  re s e a rc h  e n a b le s  th e  d e v e lo p m e n t o f  g u id e lin e s  fo r th e  im p lem e n ta tio n  o f h ig h -p rec is io n  a d a p tiv e  rad ia tio n  tre a tm e n ts .
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L im ita tio n s  o f a  C on v o lu tio n  M e th o d  fo r M o d e lin g  G e o m e tr ic  U n c e rta in tie s  in R a d io th e ra p y : th e  B io log ic  D o s e -P e r -F ra c tio n  E ffe c t. W i l l ia m  S o n g , Jerry  B a ttis ta  an d  J a k e  V an  
D y k , London Regional Cancer Centre, and the University of Western Ontario —  C on v o lu tio n  m e th o d  c an  be  u sed  to  m o d e l th e  e ffe c t o f ra n d o m  g e o m e tr ic  u n c erta in tie s  on  
p la n n e d  d o s e  d istrib u tions . T h is  is e ffe c tive ly  d o n e  by linearly  ad d in g  in fin itesim a lly  sm all d o s e s  o v e r  an  infin ite  n u m b e r o f fra c tio n s . T h is  p ro c es s  in h e re n tly  ig n o re s  rad io b io lo g i­
c a l d o s e -p e r-fra c tio n  e ffe c ts  s in c e  on ly  th e  fina l to ta l d o s e  d istribution  is g e n e ra te d . T h e  e rro r  on p red ic ted  b io log ica l o u tc o m e  (i.e. T u m o r C o n tro l P robab ility  (T C P )  an d  E q u iva len t  
U n ifo rm  D o s e  (E U D ) )  resu lting  fro m  th is  a ss u m p tio n  h a s  not b e e n  q u a n tifie d . In th is  w o rk , a  M o n te  C a rlo  d irec t s im u la tio n  m e th o d  is c o m p a re d  to  C o n v o lu tio n  p re d ic tio n s  using  
ra n d o m  g e o m e tr ic  u n c erta in tie s  o f 0 , 1 , 2 ,  3 , 4  a n d  5 m m  (S D ) on  a  fo u r-fie ld  p ro s ta te  tre a tm e n t p lan . a /b  ra tios  o f 0 .8 ,  1 .5 , 3 , 5  an d  1 0 G y  a re  u sed  fo r  b io log ica l n o rm a liza tio n .
F o r tre a tm e n t fra ctio n  n u m b e r >  1 5  o r 2 0  (d e p e n d in g  on m arg in  s iz e  an d  u n c erta in ty ), th e  a v e ra g e  d iffe re n c e  in T C P  an d  E U D  c a lc u la te d  fro m  C o n v o lu tio n  a nd  M o n te  C a rlo  m e th ­
o d s  d im in is h e d  to  less  th a n  0 .5 %  an d  0 .2 G y , re sp e ctive ly . H o w e v e r, fo r fra ctio n  n u m b e rs  <  15  o r  2 0 ,  th e  d iffe re n ce  in T C P  a n d  E U D  qu ickly  rose  w ith  a  m a x im u m  d iffe re n c e  
o b s e rv e d  to  b e  1 7 .8 %  a n d  9 .3 G y , respective ly , fo r o n e  fra c tio n . In th is  c lin ical e x a m p le , fo r a ll fraction  n u m b e rs  c o n s id e red  (1 -  5 0 ) , T C P  an d  E U D  c a lc u la te d  w ith  C on v o lu tio n  
o v e re s t im a te d  th o s e  c a lc u la te d  by M o n te  C a rlo  s im u la tio n . In  th e  ra n g e  o f fraction  n u m b e rs  norm ally  u sed  c lin ically  (>  2 0 ) , C o n v o lu tio n  m e th o d  can  sa fe ly  be  u sed  to  e s tim a te  
e ffe c ts  o f g e o m e tr ic  u n c erta in tie s  on  b io log ica l o u tc o m e s . F o r low  fraction  n u m b e rs  (<  2 0 ) ,  c a re fu l va lid a tio n  is n e c e s s a ry  prio r to  c lin ical app lic a tio n .
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O n  th e  U s e  o f  P la n e  P a ra lle l C h a m b e rs  fo r th e  V erific a tio n  o f D o s e  in S m a ll R a d ia tio n  F ie ld s , A n d r e a  M c N iv e n 1,2, M a tt M u llig a n 1, an d  T o m a s  K ro n 1,2, 1L o ndon  R e g io n a l C a n c e r  
a n d  th e  2U n ivers ity  o f  W e s te rn  O n ta r io  —  M o d e rn  ra d io th era p y  is c h a ra c te r is e d  by th e  u s e  o f m a n y  s m all rad ia tio n  fie ld s  w h ich , w h e n  c o m b in e d , a llo w  g re a t flexib ility  in sh ap in g  
d o s e  d istrib u tions . It is c o m m o n  pra c tic e  to  v erify  th e  d o s e  d e liv e re d  in th e s e  fie ld s  prior to  irrad ia ting  th e  p a tien t, using film  to  d e te rm in e  th e  2 D  d o s e  d istrib u tion , a n d  an  io n isa ­
tion  c h a m b e r  m e a s u re m e n t to  d e te rm in e  a b s o lu te  d o s e  p e r m o n ito r unit a t o n e  o r m o re  re fe re n c e  po in t. T h e  a im  o f th e  p re se n t s tudy w a s  to  d e te rm in e  th e  su itab ility  o f p la n e  par­
a lle l c h a m b e rs  fo r th is  p u rp o s e . A  s e t o f fo u r c h a m b e rs  w ith  iden tica l a ir  c a v itie s  (d ia m e te r  2 8 .6 m m ; p la te  s ep a ra tio n  2 m m ) w a s  u s ed . C h a n g in g  th e  ra tio  o f gu a rd  ring w id th  and  
co llecting  e le c tro d e  ra d iu s  re su lte d  in a c tiv e  v o lu m e s  v ary in g  fro m  2 to  2 0 m m  in d ia m e te r . M e a s u re m e n ts  w e re  p e rfo rm ed  in c irc u la r 6  M V  x -ra y  fie ld s  (0 .5  to  4 c m  d ia m e te r)  
d e fin e d  by a  c o llim a to r d e s ig n e d  fo r s te re o ta c tic  rad io su rg ery . A s  e x p e c te d , th e  c h a m b e r  re a d in g s  re d u ce d  d ra m a tic a lly  o n c e  th e  fie ld  s ize  w a s  c o m p a ra b le  w ith  th e  d ia m e te r  o f 
th e  co llecting  e le c tro d e . A  fu rth e r  d e c re a s e  in re ad in g , a s  c o m p a re d  to  pin point c h a m b e r, d io d e s  a n d  film , w a s  o b s e rv e d  in s m all fie ld s  (c o m p a re d  to  th e  a ir  cav ity  d ia m e te r) du e  
to  s e c o n d a ry  e le c tro n s  s c a tte re d  la te ra lly  out o f th e  fie ld  in th e  2 m m  th ick  a ir  cav ity . T h e  e ffe c t cou ld  be  m o d e le d  using M o n te  C a r lo  c a lc u la tio n s  (B E A M n rc ). W e  c o n c lu d e  tha t 
p lan e  pa ra lle l ion c h a m b e rs  m ust be  u sed  w ith  c au tio n  in sm all fie ld s  o r s trong d o s e  g ra d ie n ts , particu la rly  if a  w id e  g u a rd  ring is e m p lo y e d , a s  is g e n e ra lly  re c o m m e n d e d  fo r  th is  
ty p e  o f  c h a m b e r
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F a s t T h re e  D im e n s io n a l N o n -L in e a r  W a rp in g : T a rg e t L o c a liza tio n  o f In tra p ro s ta tic  L e s io n s  using M a g n e tic  R e s o n a n c e  S p ec tro s c o p ic  Im a g e s *, N ir a n ja n  V e n u g o p a l 1 and  
B .M .C . M c C u rd y  2 , 1 University of Manitoba a nd  2 C a n c e rC a re  M a n ito b a . —  Im a g e  reg is tra tion  is an  im p o rta n t s tep  in th e  ra d io th era p y  tre a tm e n t p lan n in g  p ro c es s . It p ro v id es  
a  m e th o d  o f inco rp orating  d iffe re n t ty p e s  o f d iag n o stic  im ag in g  in fo rm a tio n . O n e  such ap p lic a tio n  is to  c o m b in e  m a g n e tic  re s o n a n c e  s p ec tro s co p ic  im a g e s  (M R S I)  o f th e  p ro s ta te  
w ith  c o m p u te d  to m o g ra p h y  im a g e s  th a t a re  routine ly  u sed  in th e  rad ia tio n  tre a tm e n t p lan n in g  o f p ro s ta te  c an c e r. M R S I p ro v id es  in vivo in fo rm ation  re la te d  to  th e  un d erly in g  m e ta ­
bo lic  activ ity  o f tis su e s , a n d  c an  be  re la te d  to  th e  p re s e n c e  o f c an c e r. H o w e v e r, th e  e n d o re c ta l coil re q u ire d  during  M R S  im ag in g  p o s es  a  po te n tia l p ro b le m  by d e fo rm in g  th e  
p ro s ta te  w h e n  it is filled  w ith  ~ 1 0 0 c c  o f a ir  during  im a g e  acqu is ition . T h is  p u s h es  th e  p ro s ta te  superio rly /a n te rio rly , a n d  d e fo rm s  th e  p ro s ta te  an d  c o n s e q u e n tly  th e  spec tro s co p ic  
im ag in g  d a ta  in a  n o n -lin e a r  m a n n er. S in c e  p a tien ts  rece iv in g  rad ia tio n  tre a tm e n t fo r p ro s ta te  c a n c e r w ill not h a v e  th e ir  p ro s ta te  d e fo rm e d  in th is  w ay , w e  p ro p o s e  th e  ap p lic a tio n  
o f a  n o n -lin e a r  m ap p in g  to  th e  M R S  im a g e  d a ta , in o rd e r to  lo ca lize  th is  in fo rm ation  acc u ra te ly . In  th is  a p p lic a tio n , th e  c o il-d e fo rm e d  M R S  im a g e s  a re  w a rp e d  b a ck  to  a  non - 
d e fo rm e d  s ta te . In th is  w o rk  w e  p re s e n t a  n o n -lin e a r  w a rp in g  a lg o rith m  to  a c h ie v e  th is , d e v e lo p e d  using a  h igh leve l p ro g ra m m in g  la n g u a g e . R e s u lts  in d ica te  th a t th e  a lgo rithm  
a tta in s  an  a c c u ra c y  o f 9 7 %  (3  cc  d iffe re n c e ) w h e n  re p ro d u cin g  th e  to ta l p ro s ta te  v o lu m e  c o m p a re d  to  a  R a d ia tio n  O n co lo g is t d e fin e d  p ro s ta te  v o lu m e . T h is  d iffe re n c e  is s m a lle r  
th a n  th e  m e a s u re d  in tra -o p e ra to r  v a r ia n c e  o f 7 .4  cc  (d e fla te d  co il) a nd  th e  m e a s u re d  a lg o rith m  v a r ia n c e  o f  4 .0  cc.

*This work is being supported by CancerCare Manitoba 

1 0 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A4] Imaging with ALMA / Imagerie à l'aide de l'ALMA TUESDAY, JUNE 15 
MARDI, 15 JUIN 

08h30 - 09h15

[  R o o m /S a l le  :  C a m p a ig n  B  ] C h a ir :  L . K n e e , N R C

(CASCA)

T U -A 4 -1  0 8 h 3 0

T o  b e  a n n o u n c e d  /  à  v e n ir

Imaging Star - and Galaxy Formation with ALMA
To u n d e rs tan d  th e  fo rm a tio n  o f  g a la x ie s , s tars , p lan e ts  an d  (u ltim a te ly ) life in th e  U n iv e rs e  is a m o n g  th e  m ost fu n d a m e n ta l in te res ts  o f m o d e rn  a s tro p h ys ics . It h a s  re ce n tly  b e en  
re a lise d  th a t m a n y  o f th e  s ta rs  w h ich  p re se n tly  ex is t, w e re  fo rm e d  in g ig a n tic  burs ts  o f s ta r-fo rm a tio n  (“s ta rb u rsts ”)  w h e n  th e  U n iv e rs e  w a s  on ly  10  %  o f its c u rren t a g e . T h ro u g h  
s tudy in g  n e arb y  s ta rb u rst g a la x ie s  an d  h ig h -m a s s  s ta r fo rm in g  re g io n s  in o u r o w n  G a la x y , w e  w ill h o p e  to  u n d e rs tan d  th e  u nderly ing  m e c h a n is m s  beh ind  th e  s ta rb u rst p ro c es s  - 
k n o w le d g e  th a t w e  c an  a ls o  ap p ly  to  th e  m o re  d is tan t s u p er-s ta rb u rs ts  th a t o c cu rre d  w h e n  th e  U n iv e rs e  w a s  y o u n g .
T h e  s u b m illim etre  w a v e b a n d s  a re  un iq u e  in as tro n o m y  in co n ta in in g  th o u s a n d s  o f  rad io  s p ec tra l lin es  o f  in te rs te lla r an d  c irc u m s te lla r m o le c u le s  a s  w e ll a s  th e  th e rm a l co n tin u u m  
s p e c tru m  o f co ld  dus t in s p a c e . T h e y  a re  th e  on ly  b a n d s  in th e  e le c tro m a g n e tic  s p e c tru m  in w h ich  w e  c an  d e te c t cold  dus t a n d  m o le c u le s  fa r  a w a y  in g a la x ie s  in th e  early  
U n iv e rs e , a n d  n e a rb y  in th e  lo w -te m p e ra tu re  s h ro u d s  o f  s ta rs  a b o u t to  be  born . T h e  te c h n o lo g ic a l an d  s cien tific  p ro g re ss  in s u b m illim e te r  a s tro n o m y  w ill soon  ta k e  a  g ian t s tep  
w ith  th e  a d v e n t o f A L M A  - th e  A ta c a m a  L a rg e  s u b M illim e tre  A rra y . A L M A  is an  in te rfe ro m e te r-a rra y  consis ting  o f s ix ty -fo u r 1 2 -m e te r  a n te n n a s  fo r  s u b m illim etre  w a v e le n g th  o b s e r­
v a tio n s  an d  w ill be  p lac e d  a t 5 0 0 0  m e te rs  a lt itu d e  in th e  th e  C h ile a n  A n d e s . A L M A  is e x p e c te d  to  bring m a jo r  a d v a n c e s  in o u r u n d e rs tan d in g  o f  th e  history o f s ta r  fo rm a tio n  in th e  
U n iv e rs e  a n d  o f th e  p hysics  an d  c h em is try  underly ing  th e  fo rm a tio n  o f  g a la x ie s , s ta rs  a n d  p lan e ta ry  s y s te m s . O b s e rv in g  w ith  A L M A  a ls o  o ffers  n e w  in te res tin g  im ag in g  c h a l­
len g es .

0 9 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n
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Résumés des sessions orales

[TU-A5]

(CAP /ACP)

Medal of Achievement Winner / Récipiendaire de la médaille ACP TUESDAY, JUNE 15 
MARDI, 15 JUIN 

09h15 - 10h00

[ R o o m /S a l le  : B a llr o o m  B  ] 

T U -A 5 -1  0 9 h 1 5

C h a ir :  B . J o o s ,  U .O tta w a

M IC H A E L  T H E W A L T , S im o n  F ra s e r  U n ivers ity  

Optical Spectroscopy in Semiconductors
O p tic a l s p ec tro s co p y  h a s  b e en  o n e  o f th e  m ost im p o rtan t to o ls  fo r  a d v a n c in g  o u r u n d e rs tan d in g  o f s em ic o n d u c to r  p hysics  an d  m a te r ia ls  s c ie n ce , a n d  it is an  a re a  in w hich  
C a n a d a  h a s  a  long an d  d is tin g u ish e d  history. I w ill re v ie w  m y o w n  e x p e rie n c e s  in th is  fie ld , be g in n in g  w ith  bound  m u ltiexc iton  c o m p le x e s  in s ilicon , a nd  de sc rib in g  a lo n g  th e  w a y  
a s p e c ts  o f  d o u b le  a c c e p to rs , c o m p o u n d  s em ic o n d u cto rs , a lloys , h e te ro s tru c tu re s , a n d  po lyexc ito n s. F ina lly , I w ill e xp la in  h o w  it is th a t a fte r  ~ 3 0  y e a rs  I a m  e xc ite d  to  a g a in  be  
s tudy in g  th e  fu n d a m e n ta l p ro p e rties  o f s ilicon.

1 0 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A6] News from Space - Contributed Talks / Nouvelles de l'espace - 
(CASCA) présentations contribuées

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

09h15 - 09h45

[  R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  M . F ic h , U .W a te rlo o

T U -A 6 -1  0 9 h 1 5

O d in  U p p e r  L im its  on W a te r  E m is s io n  in S ta rb u rst G a la x ie s , C . W i ls o n  1, A m y  M a s o n  1 , R o y  B ooth  2, H e n rik  O lo fs so n  2 , M ic h a e l O lb e rg  2 an d  C a rin a  P ers so n  2, 1 
M c M a s te r  U n iv ers ity  a n d  2 O n s a la  S p a c e  O b s e rv a to ry  —  S ta rb u rst g a la x ie s  co n ta in  la rg e  q u a n titie s  o f  m o le c u la r  hy d ro g en  g a s  a n d  d isp lay  bright em is s io n  lines  fro m  a  w id e  
v a rie ty  o f m o le c u la r  an d  a to m ic  s p e c ie s  such  a s  C O , H C O + , [C I], an d  N H 3. W e  h a v e  u sed  th e  O d in  s a te llite  to  s e a rc h  fo r th e  5 5 7  G H z  w a te r  line in fiv e  n e a rb y  s ta rb u rst g a la x ie s : 
N G C  2 5 3 , M 8 2 , C e n  A , N G C  4 2 5 8 , a n d  IC 3 4 2 . W ith  typ ica lly  2 0  hours  in tegratio n  on e a c h  s o u rc e , on ly  u p p e r lim its to  th e  s tren g th  o f th e  H 2 O  line h a v e  b e e n  o b ta in e d  to  d a te . 
W e  u s e  th e s e  u p p e r lim its  to  c o m p a re  th e  H 2O /C O  ra tios  in s ta rb u rst g a la x ie s  w ith  re g io n s  o f h ig h -m a s s  s ta r  fo rm a tio n  such  a s  W 3  in th e  M ilky  W a y . O d in  is an  a s tro n o m y /a e ro n -  
o m y  m iss ion  th a t is a  co lla b o ra tio n  b e tw e e n  S w e d e n , C a n a d a , F ra n c e , a nd  F in lan d .

T U -A 6 -2  0 9 h 3 0

D e e p  M id -In fra re d  Im a g in g  w ith  th e  S p itz e r  S p a c e  T e le s c o p e , P. B a r m b y , J .-S . H u a n g , G .G . F a z io , M .A . P a h re , S .P . W illn er, Harvard-Smithsonian Center for Astrophysics —  
O n e  o f  th e  m a jo r s c ie n c e  th e m e s  o f th e  S p itz e r  S p a c e  T e le s c o p e  is th e  e xp lo ra tio n  o f th e  h ig h -red sh ift u n iv e rs e . O n e  w a y  to  u n d e rs tan d  th e  a s s e m b ly  history o f p re s e n t-d a y  
g a la x ie s  is th ro u g h  th e  s tu d y  o f d is tan t g a la x ie s  still in th e  p ro c es s  o f fo rm a tio n . T h e  IR A C  in s tru m en t on Spitzer h a s  fo u r m id -in fra red  b a n d s  (3 — 9 .5  m m ) w h ich  a re  s e n s itive  to  
th e  light o f o ld s te lla r p o p u la tio n s  o v e r th e  redsh ift ra n g e  z = 0 .5 -3 .  T h is  c o m p le te ly  c o ve rs  th e  redsh ift ra n g e  w h e re  th e  c o s m ic  s ta r  fo rm a tio n  ra te  u n d e rg o e s  m a jo r  evo lu tion ; 
IR A C  o b s e rv a tio n s  a re  th e re fo re  po w e rfu l p ro b e s  o f th e  g a la x y  s te lla r m a s s  evo lu tio n  o v e r  th is  im p o rtan t period  o f c o sm ic  h istory. I w ill p re se n t resu lts  fro m  s e v e ra l d e e p  im ag ing  
s u rv e y s  c arried  out w ith  IR A C , includ ing  d e e p  g a la x y  n u m b e r counts  a nd  p ro p e rties  o f L y m a n -b re a k  g a la x ie s , s u b -m illim e te r  an d  X -ra y  so u rce s .

0 9 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A7]

(D CM M P/DPM CM )

The Impact of High-Performance Computing on Materials Research / 
Impact du calcul à haute performance sur la recherche sur les 
matériaux

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

10h00 - 12h30

[  R o o m /S a l le  : B a llr o o m  B  ]  

T U -A 7 -1  1 0 h 0 0

C h a ir :  G. S la te r, U. O tta w a

M IC H E L  C O T E , U n iv ers ité  d e  M o n tré a l, R e g ro u p e m e n t q u é b é c o is  sur les  m a té r ia u x  d e  po in te  (R Q M P )

Virtual Experiments: Applications Of Density Functional Theory On Large-Scale Computational Facilities
T h e  re ce n t insta lla tio n s  o f  h igh p e rfo rm a n c e  c o m p u ta tio n a l fa c ilitie s  h a v e  g re a tly  a ffe c te d  th e  w a y  w e  do  sc ien tific  re s e a rc h . W h e r e a s  b e fo re , w e  w e re  restric ted  to  th e  e x p e r im e n ­
ta l w ay , o r  th e  th e o re tic a l p e n -a n d -p a p e r  w ay , th e s e  insta lla tions  h a v e  pe rm itte d  th e  e v e n t o f th e  th ird  w a y  o f  th e o ry /s im u la tio n s  th a t m a y  be  ca lled : v irtua l e x p e rim e n ts .
C o n d e n s e d  m a tte r  h a s  fro m  th e  b e g inn ing  a d o p te d  th is  n e w  p a ra d ig m . A nd  y e t, th e  ava ila b ility  o f th is  in cre a se d  c o m p u ta tio n a l p o w e r w o u ld  not h a v e  a n  im p o rtan t im p act if it had  
not b e en  a cc o m p a n ie d  by th e  d e v e lo p m e n t o f th e o re tic a l m e th o d s . In th is  re sp e c t, th e  d e v e lo p m e n t o f d e n s ity  fu n c tio n a l th e o ry  w a s  cruc ia l to  s tu d y  c o n d e n s e d  m a tte r  s y s te m s. 
T h is  firs t-p rin c ip le s  a p p ro a c h  is an  id ea l too l to  s tudy  n e w  m a te ria ls  a nd  it c an  a ls o  b e  u sed  to  m a k e  p red ic tion  on s y s te m s  th a t h a v e  not b e e n  s yn th es ise d  y e t. In th is  p re s e n ta ­
tion , th e  resu lts  o f c a lc u la tio n s  b a se d  on d e n s ity  fu n c tio n a l th e o ry  th a t w e re  o b ta in e d  w ith  th e  fac ilitie s  o f  th e  R é s e a u  q u é b é c o is  d e  ca lcu l d e  h a u te  p e rfo rm a n c e  (R Q C H P ) w ill be  
p re s e n te d . I w ill re v ie w  th e  resu lts  on  th e  n o w  te c h n o lo g ica l im p o rtan t G a A s N  s em ic o n d u c to r  w h e re  o u r c a lc u la tio n s  g ive  us  a  m icro s c o p ic  p ic tu re  o f th is  s y s te m  w h ich  perm itted  
us  to  u n d e rs tan d  th e  e x p e rim e n ta l o b s erv a tio n s . I w ill a ls o  h igh light th e  resu lts  on novel m a teria l th a t c o m b in e  C 6 0  an d  hybrid  c o m p o u n d , an  e x e rc is e  in th e  d e s ig n  o f a  novel 
m a te ria l. T h e  c h a lle n g e s  in th e  im p le m e n ta tio n s  o f th is  m e th o d  to  th e  la rg e -s c a le  c o m p u ta tio n  fac ilitie s  p re se n tly  a v a ila b le  in C a n a d a  w ill a ls o  be  d isc u s se d .

T U -A 7 -2  1 0 h 3 0

E R IK  S O R E N S E N , M c M a s te r  U n ivers ity

Kondo Effect and Persistent Currents in Quantum Dot Systems
Q u a n tu m  do ts  c an  be  c re a te d  not on ly  in s em ic o n d u cto rs  but a ls o  in carb o n  n a n o tu b e s  by a rtific ia lly  in troducing  k inks. T ra n sp o rt th ro u g h  s uch  a  s y s te m  s h o w s  a  v ery  rich s truc ­
tu re . In s o m e  c a s e s  tra n s p o rt is b locked  d u e  to  c h arg in g  e ffe c ts , th e  s o -c a lled  C o u lo m b  b lo c k a d e . M o s t in teresting ly , th is  b lo c k a d e  p h e n o m e n o n  is s o m e tim e s  o v e rc o m e  by an  
e ffe c t en tire ly  d u e  to  th e  e le c tro n  sp in , th e  fa m o u s  K o n d o  e ffe c t. T h is  e ffe c t is m ost p ro m in en tly  p re s e n t w h e n  th e  b e h a v io r  o f  th e  q u a n tu m  dot c an  be  m o d e lle d  a s  a  s ing le  m a g ­
ne tic  im purity  an d  is d u e  to  th e  fo rm a tio n  o f a  c loud  o f e le c tro n s  s cre en in g  th e  m a g n e tic  im purity. A  n e a t w a y  o f s tudy in g  th is  p h e n o m e n o n  is by m e as u rin g  th e  pe rs is te n t c u rren t 
in d u ced  by a  m a g n e tic  fie ld  w h e n  th e  s y s te m  fo rm s  a  c lo sed  ring. T h e  in d u ced  pe rs is te n t c u rren t w ill be  s trongly  m od ified  by th e  m a g n e tic  im purity. T h e  s iz a b le  c lou d  o f e le c ­
tro n s  try ing  to  s c re e n  th e  m a g n e tic  im purity  w ill g ive  rise to  spec ific  fin ite -s iz e  c o rrec tio n s  to  th e  p e rs is te n t c u rren t in such  a  m e so s co p ic  s y s te m s . C a lc u la tio n s  o f tra n s p o rt p ro p e r­
tie s  a re  noto riously  d ifficult an d  a fte r  an  introduction  to  th e  u nderly ing  p hysics  I w ill p re se n t n u m e ric a l resu lts  fro m  la rg e -s c a le  p a ra lle lize d  d e n s ity  m atrix  re n o rm a liza tio n  g roup  an d  
e x a c t d ia g o n a liza tio n  s tu d ies  o f th e s e  s y s te m s , o b ta in e d  using th e  S H A R C n e t fac ilitie s  a t M c M a s te r .
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T U -A 7 -3  1 1 h 0 0

M A R K  W H IT M O R E , M e m o ria l U n ivers ity  o f N e w fo u n d la n d

High Performance Computing: The New and Growing Environment in Canada
B e g in n in g  in a b o u t 1 9 9 5 , C a n a d ia n  sc ien tis ts  h a v e  b e en  w o rk in g  on a  c o o rd in a te d  n a tiona l p ro jec t to  build , o p e ra te , an d  s u pport h igh p e rfo rm a n c e  co m p u tin g  a n d  v is u a liza tio n  
fa c ilitie s  a cro s s  th e  country . T h e  resu lt is an  u n p re c e d e n te d  s e t o f c o m p u te rs  th a t a re  a v a ila b le  fo r u s e  by re s e a rc h e rs  a n y w h e re  in C a n a d a , an d  a c c e s s ib le  v ia  C a n a d a ’s  C a n *n e t  
4  n e tw o rk . U s e rs  a re  s u p p o rte d  by a  n a tio n a l n e tw o rk  o f T e ch n ic a l A n a lys t S u p p o rt P e rs o n n e l. Fu n d in g  an d  su p p o rt fo r th is  in frastru ctu re  a n d  p e rso n n e l c o m e  fro m  C F I,  N S E R C ,  
C A N A R IE , p rov in cia l g o v e rn m e n t p ro g ra m s, c o m p u te r  v e n d o rs , a n d  o th e r p a rtn e rs . In th is  ta lk , I w ill ou tlin e  th is  o v era ll in frastru ctu re , h o w  it is o rg a n iz e d , a n d  h o w  to  a c c e s s  it, 
a n d  briefly  d iscuss  th e  on g o in g  w o rk  to  d e v e lo p  a  Long  R a n g e  P la n  fo r H igh  P e rfo rm a n c e  C o m p u tin g  in C a n a d a . T im e  p erm itting , I w ill p rov id e  s o m e  illustra tive  c o n d e n s e d  m a tte r  
p hysics  re s e a rc h  e x a m p le s .

T U -A 7 -4  1 1 h 3 0

S h o rt-t im e  D y n a m ic s  o f S ta c k e d  T r ia n g u la r  A n tife rro m a g n e ts *  S m a in e  B e k h e c h i1· 2 , B .W . S o u th e rn 1 a n d  A . P e le s 3, 1University of Manitoba, 2University of Ottawa an d  3G e o rg ia  
Institu te  o f  T e ch n o lo g y  —  C ritic a l sca ling  a n d  un iversa lity  in th e  s h o rt-t im e  d y n a m ic s  fo r  a n tife rro m a g n e tic  m o d e ls  on  a  th re e -d im e n s io n a l s ta ck ed  tr ia n g u la r  la ttice  a re  in v e s tig a t­
e d  using M o n te  C a rlo  s im u la tio n . W e  h a v e  m e a s u re d  th e  c ritica l e x p o n e n ts  a n d , by s ea rc h in g  fo r th e  b est p o w e r law  b e h av io u r, d e te rm in e d  th e  critical point. O u r  resu lts  ind ica te  
th a t it is  pos sib le  to  d istingu ish  w e a k  firs t-o rd e r fro m  s e c o n d -o rd e r p h a s e  trans ition s .

* This work is being supported by NSERC and UofM.

T U -A 7 -5  1 1 h 4 5

V is c o e la s tic  a nd  T h e rm o d y n a m ic  P ro p e rtie s  o f S h o rt C h a in  P o ly m e r M e lts  w ith  v a n  d e r  W a a ls  In te rac tio n s  N e a r  th e  G la s s  T ra n s itio n *, B e la  J o o s  1 , M a tth e w  L. W a lla c e  1 , 
M ic h a e l P lis ch ke  2 , 1 University of Ottawa a n d  2 S im o n  F ra s e r  U n iv ers ity  —  W e  p re se n t a  b e ad -sp rin g  m o d e l, w h e re  a ll b e a d s  in te rac t w ith  L e n n a rd -J o n e s  p o te n tia ls , fo r  a  
th o ro u g h  c h a ra c te r iz a tio n  o f th e  g e la tio n  o f a  short, n o n -e n ta n g le d  p o ly m e r m e lt. W e  first m o n ito r q u a n titie s  such  a s  th e  h e a t c ap a c ity  (const. P ), th e  d iffusion c o n stan ts  a nd  th e  
v iscosity  to  d e s c rib e  th e  o n s e t o f a  g las s  trans ition  (G T ). W h e n e v e r  p ossib le , th e  p ro p e rties  o f th e  s y s te m  a re  e x a m in e d  a b o v e  a nd  b e lo w  th e  G T . In o rd e r to  acc o m p lis h  th is , w e  
p ro p o s e  a  m e th o d  w h e re b y  th e  g las s  p h a s e  is e n te re d  v ia  iso th erm a l c o m p res s io n  in o rd e r to  m in im ize  high c o o lin g -ra te  e ffe c ts  an d  c o m p u ta tio n a l tim e s . F u rth e r  insight into th e  
G T  is o b ta in e d  v ia  th e  t im e -d e p e n d e n t s h e a r  m o d u lu s  G (t) , w h ich  is c o m p a re d  w ith  th e  s h e a r  m o d u lu s  o b ta in e d  fro m  an  e x te rn a lly  a p p lie d  in s ta n ta n e o u s  s h e a r. It is fo u n d  tha t 
th e  po ly m e ric  g la s s  on ly  d isp la y s  fu lly  g e l- lik e  p ro p e rties  a t a  te m p e ra tu re  b e lo w  th e  G T . W e  a ls o  look a t th e  s h e a r  ra te  d e p e n d e n c e  o f  th e  v iscosity  both a b o v e  a n d  b e lo w  th e  
g la s s  trans ition  using a  n o n -eq u ilib riu m  m o le c u la r  d y n a m ic s  a p p ro a c h .

* This work is being supported by NSERC.

T U -A 7 -6  1 2 h 0 0

S im u la tio n  S tu d y  o f E qu ilib riu m  P o ly m e r D y n a m ic s , J a m e s  M u n r o  P o ls o n , University of Prince Edward Island —  W e  e m p lo y  c o m p u te r  s im u la tio n  m e th o d s  to  s tudy  h y d ro d y ­
n a m ic  e ffe c ts  in th e  eq u ilib riu m  in te rn a l d y n a m ic s  o f a  p o ly m e r in d ilu te  so lu tion . U s in g  M o le c u la r  D y n a m ic s  (M D ),  w e  m e a s u re  th e  tim e  a u to -c o rre la tio n  fu n c tio n s  o f th e  R o u s e  
m o d e s  o f a  s im p le  b e a d -s p rin g  m o d e l p o ly m e r in a  L e n n a rd -J o n e s  s o lv e n t. T h e  resu lts  a re  a n a ly z e d  in th e  c o n te x t o f a  re fin ed  v ers io n  o f th e  Z im m  th e o ry  o f p o ly m e r d y n am ic s . 
W e  c o m p a re  th e  e ffe c ts  o f c h a in  leng th , s o lv e n t v iscosity  an d  s y s te m  s iz e  on th e  corre la tio n  tim e s  m e a s u re d  in th e  s im u la tio n  w ith  th o s e  p red ic ted  by th e  theory . F ina lly , w e  c o m ­
p a re  th e  resu lts  o f th e  M D  s im u la tio n s  to  p re lim in a ry  resu lts  o b ta in e d  using tw o  a lte rn a tiv e  s im u la tio n  m e th o d s , e a c h  o f w h ich  e m p lo y s  a  c o a rs e -g ra in e d  d e scrip tion  o f th e  s o lven t 
in a  m a n n e r  d e s ig n e d  to  p re s e rv e  th e  s o lv e n t h y d ro d yn am ic  m o d e s .

T U -A 7 -7  1 2 h 1 5

A b  Initio P o la riza b ilitie s  o f C o n d u ctin g  P o ly m e rs , S u lta n a  F e r d o u s  a n d  J o la n ta  B. L a g o w sk i, Memorial University of Newfoundland —  P o larizab ilitie s  an d  first o rd e r h y p e rp o la r­
izab ilitie s  o f th io p h e n e , fu lv e n e  an d  c y c lo p e n ta d ie n e  c o n ducting  o lig o m e rs  an d  p o ly m e rs  an d  th e ir  c y a n o  d e riv a tiv e s  h a v e  b e e n  c a lc u la te d  using  th e  H a rtre e -F o c k  (H F ), c o n fig u ra ­
tion  in te rac tio n  (s in g les ) (C IS  ) an d  d e n s ity  fu n c tio n a l (D F ) th e o rie s  w ith  3 -2 1 G *  b a s is  using G a u s s ia n  9 4 ,  9 8  a nd  0 3  s o ftw a res . T h e  m a in  m otivation  o f th is  inves tigation  is to  
d e te rm in e  th e  corre la tio n  b e tw e e n  th e  exc ita tio n  e n e rg ie s  an d  p o la riza b ilit ie s  a n d  h y p erp o la rizab ilities  fo r th e  c o n ju g a te d  s y s te m s  s tu d ied . It h a s  b e e n  foun d  th a t H F  an d  D F  
a p p ro a c h e s  g ive  s im ila r m a g n itu d e s  fo r po la riza b ilit ie s  w h e re a s  C IS  th e o ry  p ro v id es  resu lts  th a t a re  c o n s id e rab ly  d iffe re n t. A ll th re e  m e th o d s  p red ic t s im ila r tre n d s  in p o la riza b ili­
tie s  a s  a  func tion  o f o lig o m e r leng th  a nd  bond  a lte rn a tio n  a lo n g  th e  b a c k b o n e  o f  th e  o lig o m ers . It h a s  a ls o  b e e n  o b s e rv e d  th a t th e  e nd  g ro u p s  a n d  th e  n u m b e r o f ‘d o u b le ’ b onds  
h a v e  a  s ign ifican t e ffe c t on th e  m a g n itu d e  o f po la rizab ility  p e r  C -C  b ond . To e lim in a te  th e  n e e d  fo r e n d  g roups , solid  s ta te  c a lc u la tio n s  (us ing  th e  pe rio d ic  b o u n d a ry  condition  
(P B C  option  in G a u s s ia n  0 3 ) )  a re  p e rfo rm ed  fo r s o m e  s y s te m s . C o m p a ris o n  w ith  e x p e rim e n ta l resu lts  w ill be  m a d e  w h e n  it is possib le .

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A8] Mathematical Physics / Physique mathématique TUESDAY, JUNE 15 
MARDI, 15 JUIN 

10h00 - 12h30

[  R o o m /S a l le  :  W e s tm in s t e r  ] C h a ir :  I. A f f le c k ,  U B C

(DTP/DPT)

T U -A 8 -1  1 0 h 0 0

M a r k  W a lto n , U n iv ers ity  o f  Le th b rid g e  

Finding NIM-reps
In tw o -d im e n s io n a l c o n fo rm a l fie ld  theory , bu lk  p rim ary  fie ld s  o b e y  an  o p e ra to r  product a lg e b ra  fo llow ing  th e  fus ion  a lg e b ra . C o n s is te n t s e ts  o f b o u n d a ry  con d itio n s  a re  in c o rre ­
s p o n d e n c e  w ith  th e  N o n -n e g a tiv e  In te g e r  M a tr ix  re p re s e n ta tio n s  (N IM -re p s ) o f th is  fus ion  a lg e b ra . M e th o d s  o f constructing  N IM -re p s  w ill be  re v ie w e d , a s  w e ll a s  th e ir  re la tion  to  
D -b ra n e  c h arg e s .

T U -A 8 -2  1 0 h 3 0

J E D R Z E J  S N IA T Y C K I,  U n ivers ity  o f C a lg a ry

Gauge Symmetries in Yang-Mills Theory
F o r Y a n g -M ills  e q u a tio n s  on th e  M in k o w sk i s p a c e -tim e , w e  iden tify  a  s p a c e  P  o f C a u c h y  d a ta  w h ich  a d m it g loba l so lu tions, th e  g a u g e  s y m m e try  G S (P )  g ro u p  o f P, a n d  its c o n n e c t­
e d  s u b g ro u p  G S 0 (P ) consis ting  o f th e  lo ca lized  g a u g e  tra n s fo rm a tio n s  th a t g iv e  rise  to  th e  co n stra in ts  o f th e  theory . W e  s h o w  th a t th e  c o n stra in t s e t C  h a s  a  m an ifo ld  s tru c tu re , 
but it is not a  s u b m an ifo ld  o f P. T h e  g roup  G S o (P ) a c ts  fre e ly  a n d  p ro perly  on P. T h e  re d u ce d  p h a s e  s p a c e  R = C / G S o (P ), consis ting  o f G S o (P ) o rb its  in C  is a  qu o tie n t m an ifo ld  o f 
C  a n d  it inherits  th e  s tru c tu re  o f a  s ym p le c tic  m an ifo ld  w ith  an  e x a c t s ym p le c tic  fo rm . T h e  co lo u r g ro u p  G S ( P ) /  G S o (P ) h a s  a  H a m ilto n ia n  actio n  on R . W e  c o n c lu d e  th a t, fo r th e  
Y a n g -M ills  th e o ry  in th e  M in k o w sk i s p a c e , g e o m e tr ic  q u a n tiza tio n  c o m m u te s  w ith  reduction .
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Résumés des sessions orales

T U -A 8 -3  1 1 h 0 0

D A V ID  J O H N  R O W E , U n ivers ity  o f  Toronto

Quasi-Dynamical Symmetry In The Approach To ASecond-Order Phase Transition”
A tte m p ts  to  u n d e rs tan d  p h a s e  tra n s itio n s  h a v e  profited  c o n s id e rab ly  fro m  th e  s tu d y  o f m o d e ls  w ith  sym m e try . L a n d a u  s ta ted  th a t tw o  p h a s e s  o f  m a tte r  w ith  d iffe re n t s y m m e tr ie s  
(w h ich  c an n o t c h a n g e  con tinuous ly  fro m  o n e  to  th e  o th e r) m ust b e  s e p a ra te d  by a  line o f tra n s itio n . S o m e  in te res ting  s y m m e try  c o n ce p ts  e m e rg e  fro m  th e  s tudy  o f h o w  th is  can  
h a p p e n  in p ra c tic e . C o n s id e r  a  s y s te m  x w h ich  likes  to  re s id e  in a  p h a s e  w ith  a  s y m m e try  g ro u p  G 1  w h e n  a  con tro l p a ra m e te r  h a s  v a lu e  x = 0  an d  in a  p h a s e  w ith  s y m m e try  group  
G 2  w h e n  it h a s  v a lu e  x = 1 . T h e  qu e stio n  th e n  is w h a t h a p p e n s  w h e n  x is v a r ie d  con tinuous ly  fro m  0  to  1? It tra n s p ire s , in a  n u m b e r o f m o d e l in ve s tig a tio n s  o f s uch  s itu atio n s, tha t 
th e  m o d e l exh ib its  a  s ec o n d  o rd e r p h a s e  trans ition  fro m  a  p h a s e  c h a ra c te r iz e d  by o n e  s y m m e try  to  a  p h a s e  c h a ra c te r iz e d  by th e  o th e r in a c c o rd a n c e  w ith  L a n d a u ’s  princip le . 
H o w e v e r , a  c lo s e r e x a m in a tio n  re v e a ls  th a t a  m o re  d e ta ile d  d e scrip tion  is th a t, in th e  p h a s e  c h a ra c te r iz e d  by th e  G 1 s ym m e try , th e  s y m m e try  o f th e  s y s te m  is in creas in g ly  d isto rt­
e d  by th e  fo rc e s  th a t fa v o u r th e  c o m p etin g  p h a s e  until a  point c o m e s  a t w h ich  th e y  c an  be  d isto rted  no  fu rth e r an d  a  flip oc cu rs . A  c o m p le m e n ta ry  b e h a v io u r m ay  be  o b s erv e d  
w h e n  th e  c ritica l point is a p p ro a c h e d  fro m  th e  o th e r s id e . T h e  d is to rted  s y m m e tr ie s , c a lled  q u a s i-d y n a m ic a l s y m m e tr ie s , h a v e  an  e le g a n t e xp re ss io n  in th e  la n g u a g e  o f g ro u p  th e ­
ory an d  lea d  to  in te res ting  n e w  c o n c e p ts  in re p res en ta tio n  th e o ry  o f c o n s id e ra b le  s ig n ific a n ce  fo r u n d e rs tan d in g  w h y  s im p le  m o d e ls  w ith  s y m m e tr ie s  a re  o ften  m o re  s u cc e ss fu l in 
pra c tic e  th a n  th e y  a p p a re n tly  h a v e  a n y  right to  be.

T U -A 8 -4  1 1 h 3 0

A R IE L A .  E D E R Y , B is h o p ’s U n ivers ity

C o m p a c t F o rm u la s  F o r C a s im ir  E n e rg ie s  In  D -D im e n s io n s  V ia  O p e ra to r  T e ch n iq u e

A n  o p e ra to r  te c h n iq u e  is d e riv e d  fo r  th e  m u lti-d im e n s io n a l ap p lic a tio n  o f th e  E u le r-M a c la u rin  fo rm u la  to  th e  C a s im ir  e n e rg y  p ro b le m . W e  ob ta in  c o m p a c t fo rm u la s  fo r  th e  C a s im ir  
e n e rg y  o f  a  s c a la r  fie ld  con fin e d  to  a  D -d im e n s io n a l h y p e rc u b e  w ith  von  N e u m a n n  o r D irich le t b o u n d a ry  cond itions . T h e  fo rm u la s  a re  c o n ve n ien tly  e x p re s s e d  a s  a  fin ite  s u m  o f  
th e  w e ll-k n o w n  g a m m a  a n d  R ie m a n n  z e ta  fu n c tio n s  an d  a llo w  fo r  qu ic k  n u m e ric a l c a lc u la tio n s  a t h ig h e r v a lu e s  o f  D . T h e  c a s e  o f th e  D irich le t e n e rg y  re v e a ls  a  critical d im en s io n  
a t D =  3 6 . W e  briefly  d iscuss  th e  c o n n ec tio n  b e tw e e n  th e  C a s im ir  e n e rg y  in D -d im e n s io n s  an d  th e  rD(n) a rith m etic  func tion  (w h e re  rD(n) re p re s e n ts  th e  n u m b e r o f  w a y s  a  pos i­
tiv e  in te g e r n c an  be  e x p re s s e d  a s  a  s u m  o f D in te g e r s q u a re s ).

T U -A 8 -5  1 2 h 0 0

J IR I P A T E R A , U n iv e rs ité  d e  M o n tré a l

Orbit Functions of Compact Lie Groups and their Applications
A n  orb it func tion  is th e  con tribu tion  to  an  irred u c ib le  c h a ra c te r  o f a  c o m p ac t s em is im p le  L ie  g ro u p  G , fro m  o n e  W e y l g roup  orb it. S u c h  fu n c tio n s  a re  m uch s im p le r th a n  th e  c h a ra c ­
te rs , but th e y  c arry  m ost o f  th e  p ractica lly  usefu l p ro p e rties  o f th e  c h a ra c te rs . M o re o v e r, th e ir  v e rs a tile  d isc re te  o rth o g o n ality  on  certa in  fin ite  A b e lia n  s u b g ro u p s  o f G, m a k e s  th e m  
particu la rly  s u itab le  fo r d ig ita l d a ta  p ro cess in g .

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A9] Particles/Strings/Fields / Particules/ficelles/champs
(DTP-PPD/
DPT-PPD)

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

10h00 - 12h30

[  R o o m /S a l le  :  K i ld o n a n  ] C h a ir :  R . M a c K e n z ie , U .M o n tre a l

T U -A 9 -1  1 0 h 0 0

B O B  H O L D O M , U n ivers ity  o f Toronto  

Ghostly Tales
I d isc u s s  fie ld s  w ith  n e g a tiv e  k in e tic  e n e rg y  te rm s  in th e  c o n te x t o f v a r io u s  c o sm o lo g ic a l p u zz le s .

T U -A 9 -2  1 0 h 3 0

T A E J IN  L E E , U n ivers ity  o f  British C o lu m b ia

Free Field Representation of Rolling Tachyon
W e  a p p ly  th e  fe rm io n iza tio n  to  th e  rolling ta c h y o n  s ys te m , w h ich  d e s c rib e s  a  fa te  o f  th e  u n s ta b le  D -b ra n e . T h e  b o u n d a ry  s ta te  fo r th e  un s ta b le  D -b ra n e  is exp lic itly  c onstructed  
a n d  its e x a c t evo lu tio n  in tim e  is o b ta in e d . T h e  fre e  fe rm io n  re p res en ta tio n  o f th e  rolling ta c h y o n  s y s te m  is fo u n d  usefu l to  u n d e rs tan d  h o w  th e  op e n strin g  ta c h y o n  po ten tia l 
d e fo rm s  th e  p e rtu rb a tive  bas is  o f c losed  
string .

T U -A 9 -3  1 1 h 0 0

A A R O N  B E R N D S E N , C H E P , M c G ill U n ivers ity

Aspects of Brane-Gas Cosmology*
B ra n e -G a s  C o s m o lo g y  (B G C ) is an  a p p ro a c h  to  p re -B ig  B a n g  co sm o lo g y  th a t a tte m p ts  to  re co n c ile  s e v e ra l p ro b le m s  w ith  s ta n d ard  c o sm o lo g y  th roug h  a  s e tu p  b a se d  on  string  
theory . T h e  o rig inal id ea , qua lita tiv e ly  laid out by B ra n d e n b e rg e r  an d  V a fa , h a s  b e e n  e m p lo y e d  to  a vo id  th e  initial s ingu larity , to  e x p la in  w h y  only th re e  o f  n in e  s p atia l d im en s io n s  
p re d ic te d  by string th e o ry  g ro w  la rg e , a n d  to  e x p lo re  th e  e ffe c ts  o f b ra n e s  a n d  topo log y  on th e  U n iv e rs e , to  m e n tio n  on ly  a  fe w . W e  re v ie w  th e s e  resu lts  a n d  e x p lo re  fu rth e r  
a s p e c ts  o f  th e  B G C  s e tu p , such  a s  th e  stab ility  o f th e  d ila to n , th e  d e p e n d e n c e  o f string in te rac tion  ra tes  on th e  n u m b e r o f d im e n s io n s , an d  th e  s c a le  o f th e  h iera rchy.

* This work is being supported by McGill, NSERC and was in collaboration with J. Cline, CHEP, McGill University.

T U -A 9 -4  1 1 h 3 0

T H O M A S  G R E G O IR E ,  C E R N

Little Higgs Models And Electroweak Precision Measurements
Little  H ig g s  m o d e ls  s ta b ilize  th e  w e a k  s ca le  w ith  w e a k ly  c o u p led  n e w  physics  a t th e  T e V  s c a le . In co n tra st w ith  s u p ers y m m e try , q u a d ra t ic  d iv e rg e n c e s  to  th e  H ig g s  m a s s  a re  c a n ­
c e l by “p a rtn e rs ” o f th e  s a m e  s ta tistic . In th is  ta lk  I w ill d iscuss  th e  g e n e ra l m e c h a n is m  a t w o rk  in little H ig g s  m o d e ls , a n d  d iscuss  th e ir  g e n e ra l fe a tu re s . If tim e  p erm it, I w ill then  
re v ie w  th e  d iffe re n t k inds o f little H ig g s  m o d e ls  a n d  th e ir  c o n s e q u e n c e s  fo r  e le c tro w e a k  p recis ion  m e a s u re m e n ts .
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Oral Session Abstracts

T U -A 9 -5  1 2 h 0 0

M A X IM  P O S P E L O V , U n ivers ity  o f V ic to ria

Search For Dark Matter In B ^  S Transition With Missing Energy
W e  s h o w  th a t th e  d e c a y  o f B m e s o n s  to  K  (K *) an d  m iss ing  e n e rg y  in th e  fina l s ta te  can  be  an  e ffic ien t p ro b e  o f d a rk  m a tte r  in th e  m a s s  ra n g e  0  < mS < 2 .4  G e V  w h e re  th e  
d e c a y  into a  p a ir  o f d a rk  m a tte r  partic les  S  is k in e m a tica lly  a llo w e d . W e  a n a ly z e  a  m o d e l w ith  th e  s c a la r  d a rk  m a tte r  c o u p led  to  th e  S ta n d ard  M o d e l s e c to r v ia  th e  H ig g s  boson to  
s h o w  th a t th e  w id th  o f th e  H ig g s  p e n g u in -m e d ia te d  d e c a y  m o d e  B ^  KSS m a y  e x c e e d  th e  d e c a y  w id th  in th e  S ta n d ard  M o d e l c h a n n e l, B ^  Kvv by up to  tw o  o rd e rs  o f m a g n i­
tu d e  if th e  re q u ire d  co sm o lo g ic a l a b u n d a n c e  o f s c a la rs  is a c h ie v e d  th roug h  th e  an n ih ila tio n  a t th e  fre e z e -o u t. E x is tin g  d a ta  fro m  B p hysics  e x p e rim e n ts  e x c lu d e  s c a la r  d a rk  m a tte r  
w ith  mS < 4 3 0  M e V  an d  5 1 0  M e V  < mS < 1.1 G e V . E x p e c te d  d a ta  fro m  B fa c to r ie s  w ill p ro b e  th e  ra n g e  o f d a rk  m a tte r  m a s s e s  up to  2  G eV .

* In collaboration with C. Bird, P  Jackson and R. Kowalewski, University of Victoria.

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A10] Coherent Interactions of Lasers / Interactions cohérentes des lasers
(DAMP-DOP/
DPAM-DOP)

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

10h00 - 12h00

[ R o o m /S a l le  : V ic to r ia  ] C h a ir :  J . M a rt in ,  U .W a te rlo o

T U -A 1 0 -1  1 0 h 0 0

H A R O L D  H A U G E N , M c M a s te r  U n ivers ity

Selected Studies of Femtosecond Laser Ablation and Modification of Semiconductors*

F e m to s e c o n d  la s e rs  h a v e  b e c o m e  im p o rta n t to o ls  fo r th e  m icro -m o d ifica tio n  an d  m icro -m ac h in in g  o f  m a teria ls . W e  ou tlin e  a  n u m b e r o f re ce n t d e v e lo p m e n ts  in o u r labo ra to ry  
includ ing  th e  fo rm a tio n  o f  s u b -w a v e le n g th  p eriod ic  s tru c tu res  on s u rfa c e s , th e  m e a s u re m e n t o f th e  a b la tio n  th re s h o ld s  a n d  a b la tio n  d e p th s  fo r  In P  o v e r a  w id e  ra n g e  o f la s e r  
w a v e le n g th s , a n d  s tu d ies  o f  th e  s u b -s u rfa c e  m od ification  o f s e m ic o n d u c to rs  using  p o la rize d  p h o to lu m in e s c e n c e  (D O P )  an d  c ro s s -s e c tio n a l tra n s m is s io n  e le c tro n  m icroscop ic  
(T E M ) te c h n iq u e s . O u r  w o rk  h a s  d e m o n s tra te d  th a t high sp atia l fre q u e n c y  p eriod ic  s tru c tu res  s ign ifican tly  s m a lle r  th a n  th e  light w a v e le n g th  can  b e  o b ta in e d  in u ltra fast la s e r  irra ­
d ia tion  o f s e m ic o n d u c to rs , a n a lo g o u s  to  re ce n t resu lts  re p o rte d  in th e  lite ra tu re  fo r d ie lectrics . In  ad d itio n , in e x p e rim e n ts  on th e  la s e r  a b la tio n  o f In P  o v e r  a  w id e  w a v e le n g th  
ra n g e , w e  h a v e  fo u n d  a  s u d d e n  in c re a s e  o f th e  c ra te r  d e p th  w ith  la s e r  flu e n c e  n e a r  th re s h o ld , s im ila r to  spa lla tion  e ffe c ts  o b ta in e d  v ia  recen tly  pu b lish ed  th e o re tic a l m od e ls . 
F in a lly , o b s e rv a tio n s  using D O P  an d  T E M  re v e a le d  s ig n ifican t d iffe re n c e s  b e tw e e n  n a n o s e c o n d  an d  fe m to s e c o n d  la s e r  m icro -m ac h in in g  o f  InP . In  particu lar, u ltra fa st la s e r  in ter­
a c tio n s  lea d  to  su b stan tia l d a m a g e  in th e  v ic in ity  o f th e  la s e r-a b la te d  fe a tu re s . F u tu re  d irec tio n s  fo r th e s e  o n -g o in g  in ve s tig a tio n s  w ill be  d isc u s se d .

* Conducted in collaboration with A. Borowiec, G.A. Botton, D.M. Bruce, D .T  Cassidy, M. Couillard, and T.H.R. Crawford; McMaster University

T U -A 1 0 -2  1 0 h 3 0

D iffrac tive  O p tic s  B a se d  2 -D  IR  S p ec tro s c o p y: A  N e w  P ro b e  o f H y d ro g e n  B o n d e d  N e tw o rk s *. M .L . C o w a n 1, B .D . B ru n e r1, N . H u s e  2 , T. E ls a e s s e r  2 , R .J . D w a y n e  M ille r  1, 
a n d  E .T .J . N ib b e rin g  2, 1 University of Toronto an d  2 M a x  Born Institu te  fo r N o n lin e a r O p tic s  a n d  S h o rt P u lse  S p e c tro s c o p y , Berlin  —  R e c e n t d e v e lo p m e n ts  in I r  la s e r  te c h n o l­
og y  h a s  m a d e  pos sib le  th e  d e v e lo p m e n t o f  op tical a n a lo g u e s  o f m u lti-d im e n s io n a l N M R  sp ec tro sco p y, s uch  a s  2 D -v ib ra tio n a l spec tro s co p y . T h e s e  te c h n iq u e s  m a k e  pos sib le  th e  
d is e n ta n g le m e n t o f c o m p lic a ted  v ib ra tio n a l s p e c tra , a n d  th e  m e a s u re m e n t o f  couplin g  d y n a m ic s  b e tw e e n  ne ig h b o rin g  v ib ra to rs  on  fe m to s e c o n d  tim e  s c a le s , by e x p a n d in g  th e  
s p e c tra  into tw o  fre q u e n c y  d im e n s io n s . U s ing  p h a s e -lo c k e d  s e q u e n c e s  o f  s u b -1 0 o  fs , 3  m icron  p u ls es  w e  h a v e  p e rfo rm ed  2 D -v ib ra tio n a l s p ec tro s co p y  on  th e  O -H  v ib ra tio n a l 
s tre tch  m o d e  o f a c e tic  acid  d im e rs  in C C l4 , a  s y s te m  w ith  s trong h yd ro g en  bon d in g . T h e  2 D  s p e c tra  a llo w  us  to  ga in  insight into th e  e ffe c ts  o f h yd ro g en  bonding  on  th e  d y n a m ic s  
o f th e  d im e rs , th roug h  m e a s u re m e n ts  o f th e  c oup lin g  b e tw e e n  O -H  s tretch  m o d e s .

* This work is being supported by NSERC, PRO.

1 0 h 4 5  C o f fe e  B r e a k  /  P a u s e  c a fé  

T U -A 1 0 -3  1 1 h 1 5

J O H N  E . S IP E ,  U n iv ers ity  o f Toronto

Optically Injected Spin Cuwents In Semiconductors
It h a s  b e e n  w id e ly  know n  s in c e  th e  1 9 8 0 ’s th a t c arrie rs  w ith  a  net spin  p o la riza tio n  can  be  op tica lly  in jec ted  in s e m ic o n d u c to rs , such  a s  G a A s , s im p ly  by irrad ia tion  w ith  c ircu larly  
p o la rize d  light a t e n e rg ie s  a b o v e  th e  band  g a p . In d e e d , s uch  in jection  fo llo w ed  by a c c e le ra t io n  o f th e  in jec te d  c arrie rs  by an  a p p lie d  D C  fie ld  is n o w a d a y s  a  s ta n d ard  a p p ro a c h  to  
g e n e ra tin g  a  s p in -p o la r iz e d  curren t. B ut on ly  re ce n tly  h a s  it b e e n  a p p re c ia te d  th a t spin  cu rren ts  th e m s e lv e s  c an  be  optically  in jec ted  in s e m ic o n d u c to rs  directly , in th e  a b s e n c e  o f 
a  b ias  fie ld . O u r  w o rk  h a s  fo c u s e d  on  op tica l in jection  a cro s s  th e  ba n d  g a p , using q u a n tu m  in te rfe re n c e  e ffe c ts  a s s o c ia te d  w ith  d iffe ren t p a th w a y s  c o n n ec tin g  th e  s a m e  initial an d  
fin a l s ta tes . S im u lta n e o u s  irrad ia tion  by b e a m s  a t ω an d  2ω , w h e re  2ω  c ro s s e s  th e  band  g a p , a llo w s  fo r  th e  in te rfe ren c e  o f o n e - an d  tw o -p h o to n  ab so rp tio n  p ro c e s s e s . W ith  a  
p ro p e r c h o ice  o f a  re la tiv e  p h a s e  p a ra m e te r  net c u rren ts  c an  be  in jec te d  in th e  c rys ta l; th is  in jec ted  cu rren t c an  be  s p in -p o la r iz e d . In a  d iffe re n c e  s c e n a rio , c a rr ie rs  in jec te d  a t k 
a re  in jec te d  p re fe re n tia lly  w ith  o n e  spin  p o la riza tio n , an d  th o s e  a t - k  w ith  th e  o p p o s ite . N o  net e le c trica l c u rren t o r spin  is in jec ted  into th e  c rys ta l, but a  pure spin current is. 
T h e o re t ic a l an d  e x p e rim e n ta l w o rk  w ill b e  re v ie w e d , an d  n e w  s c e n a rio s  invo lving la s e r  light o f on ly  o n e  fre q u e n c y  w ill be  d isc u s se d .

* In collaboration with R.D.R. Bhat 1, Ali Najmaie 1, F Nastos 1, Y  Kerachian 1, and H.M. van Driel 1, A.L. Smirl 2 M.J. Stevens 2, and X .Y  Pan 2, 1 University of Toronto and 2 University of Iowa.

T U -A 1 0 -4  1 1 h 4 5

A  T h e o re tic a l M o d e l o f S y n c h ro n y  fo r C o u p le d  F ib e r  L a s e rs , S la v e n  P e le s  1, J effrey  R o g e rs  2 a n d  Kurt W ie s e n fe ld  1, 1 Georgia Institute of Technology a n d  2 H R L  L a b o ra to rie s  —  
O n e  o f  th e  m a in  g o a ls  o f la s e r  p hysics  is h o w  to  in c re a s e  th e  in tensity  o f  a  la s e r  b e a m . U s ing  a n  a rra y  o f la s e rs  is o n e  w a y  to  do  th is , but it h a s  p ro ven  to  be  v e ry  d ifficult to  g e t 
c o h e re n t a nd  in p h a s e  b e h av io r. R e c e n t e x p e rim e n ts  s h o w e d  th a t s m a ll g ro u p s  o f c o u p led  fib e r  las e rs  s y n c h ro n iz e  u n d e r certa in  c irc u m s ta n c e s . A s  a  resu lt th e  ou tp u t intensity  
g ro w s  a s  a  p o w e r la w  a nd  not linearly  w ith  th e  n u m b e r o f fib e rs . A t th e  m o m e n t, th e  m e c h a n is m  a s  to  h o w  th e s e  la s e rs  s y n c h ro n iz e  is not u n d e rs to o d . W e  m o d e l th e  e x p e r im e n ­
ta l s y s te m  using a  n o n lin e a r m a p  a rra y  w ith  a  p a rticu la r sym m e try . O u r  a n a ly s is  o f p rim ary  a n d  s e c o n d a ry  instab ilities  p ro v id es  insight into th e  s y s te m ’s  b eh av io r, a n d  p e rh ap s  
h o w  to  im p ro ve  its p e rfo rm a n c e .

1 2 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n
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[TU-A11]

(DNP-CASCAI
DPN -C AS C A )

Novae and Supernovae I Novas et supernovas TUESDAY, JUNE 15 
MARDI, 15 JUIN 

10h00 - 12h30

[  R o o m IS a l le  : B a llr o o m  C  ] C h a ir :  S. S a fi-H a rb , U .M a n ito b a

T U -A 1 1 -1  1 0 h 0 0

U N A  H W A N G , N A S A /G S F C

W ind ow s in to  N u c le o syn th e s is  fro m  X -ra y  O b se rva tio n s  o f  S u pe rnova  R e m n a n ts

A  n e w  e ra  in X -ra y  as tro n o m y  w a s  lau n ch e d  by th e  C h a n d ra  an d  X M M -N e w to n  o b s e rv a to r ie s . C h a n d ra ’s  e xq u is ite  a n g u la r  reso lu tion  in p a rticu la r p ro v id es  th e  m e a n s  to  iso la te  
a n d  a n a ly z e  s p e c tra  on s m all a n g u la r  s c a le s — a  cap a b ility  th a t is e s s e n tia l to  th e  s tudy o f  th e  n u c leo s yn th e s is  p roducts  in s u p e rn o v a  re m n a n ts . In th is  re v ie w  I w ill su rve y  th e  c u r­
rent s ta tus  o f such  s tu d ies  fo r re m n a n ts  o f both c o re -c o lla p s e  an d  th e rm o n u c le a r  s u p e rn o v a e . T h e s e  resu lts  g ive  h in ts on  th e  e ffe c t o f th e  exp lo s io n  m e c h a n is m  in th e rm o n u c le a r  
s u p e rn o v a e , on th e  a m o u n t o f m ixing  in c o re -c o lla p s e  re m n a n ts  an d  a s y m m e tr ie s  both in th e  d istribution  o f th e  e je c ta  a n d  th e  exp lo s io n  e n erg y . K in e m atic  in fo rm atio n  an d  re li­
a b le  e s t im a te s  o f th e  X -ra y  em itting  m a s s e s  a re  a ls o  n o w  bein g  o b ta in e d . E v e n  re la tive ly  old re m n a n ts  a re  re ve a lin g  th e ir  e je c ta  to  C h a n d ra ’s  scru tin iz ing  e y e  in surpris ing  w a y s . 
T h e  n ext fe w  y e a rs  shou ld  bring m a n y  c on tinu ing  a d v a n c e s  in th is  exc iting  fie ld .

T U -A 1 1 -2  1 0 h 3 0

M A T Z N E R , C h r is to p h e r ,  U n iv ers ity  o f Toronto

E n e rg y  F e e d b a ck  in C o re -C o lla p se  S u pe rn o va e

In co re  c o lla p s e  s u p e rn o v a e , e n e rg y  re le a s e d  by grav ity  u nb inds  th e  s te lla r e n v e lo p e . g ra v ita tio n a l e n e rg y  fe e d b a c k , w h ich  a p p e a rs  a ls o  in acc re tin g  s ta rs  a n d  b lack  ho les , p lays  
a  contro lling  ro le  in th e  exp lo s io n  m e c h a n is m . I briefly  re v ie w  id e a s  fo r th e  m e c h a n is m  o f fe e d b a c k  in s u p e rn o v a e , an d  go  on to  d isc u s s  s o m e  o f th e  s p e c ta c u la r  a fte re ffe c ts  o f 
e x p lo s iv e  e n e rg y  de p o s itio n  w ith in  s te lla r  e n v e lo p e s , tou ch in g  on e n v e lo p e  e je c tio n , x -ra y  f la s h e s , re la tiv is tic  m otion , an d  g a m m a -ra y  bursts.

1 1 h 0 0  C o f fe e  B r e a k  I  P a u s e  c a fé

T U -A 1 1 -3  1 1 h 3 0

H E N D R IK  S C H A T Z , M ic h ig a n  S ta te  U n ivers ity

N u c le a r  P h ys ics  on  A cc re tin g  N e u tron  S ta rs  - fro m  X -R a y  B u rs ts  to  S u p e rb u rs ts

W e  a re  e n te rin g  a  n e w  e ra  o f  p recis ion  a n d  lo n g -te rm  o b s e rv a tio n s  o f X -ra y  b in a rie s  w ith  te le s c o p e s  s uch  a s  X M M -N e w to n , th e  C h a n d ra  X -ra y  ob s erv a to ry , a n d  th e  R o s s i X -ra y  
T im in g  E xp lo rer. O f p a rticu la r in te res t a re  burst p h e n o m e n a  on a cc re tin g  neu tron  s tars , w h ich  a re  p o w e re d  by n u c le a r  p hysics  p ro c e s s e s  on th e  s u rfa c e  o f  th e  neu tro n  s ta r such  
a s  th e  rp -p ro c e ss . O n c e  w e ll u n d e rs to o d , th e s e  s y s te m s  cou ld  s e rv e  a s  un iq u e  la b o ra to rie s  fo r  m a tte r  u n d e r e x tre m e  cond itions . S im u lta n e o u s  p ro g re ss  in n u c le a r  p hysics  is 
n e e d e d  fo r an  in te rp reta tion  o f th e  o b s e rv a tio n a l d a ta  an d  to  a d d re s s  th e  m a n y  o p e n  q u e s tio n s . W ith  n e w  ra d io a c tive  b e a m  fac ilitie s  it b e c o m e s  n o w  pos sib le  to  s tudy  th e  exo tic  
nuc le i th a t fo rm  th e  reac tion  c h a in s  in X -ra y  bursts . I w ill re v ie w  th e  o p e n  q u e s tio n s , re ce n t o b s e rv a tio n s , n e w  e x p e rim e n ta l a p p ro a c h e s  a s  w e ll a s  a d v a n c e s  in m o d e llin g . In p a r­
t ic u la r I w ill d isc u s s  th e  re ce n tly  d isc o v ere d  e x tre m e ly  ra re , but 1 0 0 0  tim e s  m o re  po w e rfu l s u p erb u rs ts . I w ill a ls o  p re s e n t first resu lts  fro m  a  n e w  e x p e rim e n ta l a p p ro a c h  to  rp- 
p ro c es s  p hysics  using ra d io a c tive  b e a m s  a t th e  N S C L ’s C o u p le d  C y clo tro n  Fac ility  a t M ic h ig a n  S ta te  U n ivers ity .

T U -A 1 1 -4  1 2 h 0 0

V is u a liz in g  th e  In n e r R e g io n s  o f A c cre tio n  D is ks  a ro u n d  N e u tro n  S ta rs  using S u p e rb u rs ts * , D a v id  B a l la n ty n e  1 an d  T .E . S tr o h m a y e r 2, 1 C a nad ian  In s titu te  fo r  T he o re tica l 
A s tro p h y s ic s  an d  2 N A S A /G S F C  —  A c cre tio n  fro m  a  d isk  on to  a  c o lla p s ed , re la tiv is tic  s ta r  -  a  neu tro n  s ta r  o r b lac k  ho le  -  is th e  m e c h a n is m  w id e ly  b e lie v e d  to  be  re sp o n s ib le  fo r  
th e  e m is s io n  fro m  c o m p a c t X -ra y  b in a rie s . B e c a u s e  o f th e  e x tre m e  sp atia l reso lu tion  re q u ire d , it is not y e t possib le  to  d irec tly  v is u a liz e  th e  evo lu tio n  o r d y n a m ic s  o f th e  in n e r parts  
o f th e  a cc re tio n  d isk  w h e re  g e n e ra l re la tiv is tic  e ffe c ts  a re  d o m in a n t. W e  s h o w  th a t th e  bright X -ra y  e m is s io n  fro m  a  s u p erb u rs t on th e  s u rfa c e  o f a  n e u tron  s ta r c an  a c t a s  a  s p o t­
light to  illu m in a te  th e  d isk  s u rfa c e . T h e  X -ra y s  c a u s e  iron a to m s  in th e  d isk  to  flu o re s c e , a llow ing  a  d e te rm in a tio n  o f th e  ion izatio n  s ta te , co ve rin g  fa c to r  an d  in n e r ra d iu s  o f th e  
d isk  o v e r  th e  c o u rs e  o f th e  burst. T h e  tim e -re s o lv e d  s p ec tra l fitting s h o w s  th a t th e  in n e r reg ion  o f th e  d isk  m a y  by d isru p ted  by th e  burst, a llow ing  us to  v is u a liz e  th e  evo lu tio n  o f 
th e  in n e r re g io n s  o f a n  a cc re tio n  d isk  in re a l-t im e .

* This work is being supported by NSERC.

T U -A 1 1 -5  1 2 h 1 5

The 12-C  (α .γ ) 16O R e a c tio n : O ve rv ie w  a n d  R e su lts  a t  D R A G O N , L o th a r  R . B u c h m a n n , T R IU M F  - -  T h e  1 2  C  (α ,γ ) 16O  reac tion  is a rg u a b ly  th e  m ost im p o rtan t reac tion  y e t to  be  
d e te rm in e d  on N u c le a r  A s tro p h y s ic s . A  s ta tu s  report on p re s e n t d e te rm in a tio n s  o f th e  c ro ss  sec tion  w ill be  g ive n , to g e th e r  w ith  s o m e  resu lts  o f  m e a s u re m e n ts  d o n e  a t th e  T R I-  
U M F  reco il s e p a ra to r  D R A G O N  a t h igh e n e rg ie s . T h e  im p o rta n c e  o f c a s c a d e  tra n s itio n s  w ill be  d isc u s se d  in add ition .

1 2 h 3 0  S e s s io n  E n d s  I  F in  d e  la  s e s s io n

[TU-A12]

(D IM PIDPIM )

Techniques and Measurements in Semiconductor Physics and 
Transport Phenomena I Techniques et mesures en physique des 
semiconducteurs et phénomènes de transport

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

10h00 - 12h30

[ R o o m /S a l le  : C a m p a ig n  A  ] C h a ir :  A . M a n d e lis ,  U .T o ro n to

T U -A 1 2 -1  1 0 h 0 0

J O S E  A . G A R C IA ,  P h o to -T h e rm a l D ia g n o stics  Inc.

P h o to -C a rr ie r  R a d io m e try  o f  S e m ico n d u c to rs : In s tru m e n ta tio n  a n d  Ion -Im p la n ta tio n  S tud ies

N o n -c o n ta c t, n o n -in tru s iv e  p h o to -c a rr ie r  ra d io m e try  (P C R )  w a s  u sed  fo r m on ito ring  th e  ion im p lan tatio n  o f (p -ty p e ) in d u s tria l-g ra d e  silicon w a fe rs . T h e  s ilicon w a fe rs  w e re  im p lan t­
e d  w ith  d iffe re n t s p e c ie s  (B o ro n , P h o sp h o ru s ) in th e  d o s e  ra n g e  o f 1 x 1 0 11- t o -1 x 1 0 16 io n s /c m 2 a t d iffe ren t im p lan tatio n  e n e rg ie s  (1 0  k e V -to -1 8 0  k e V ). T h e  P C R  1 0 0  s y s te m  from  
P h o to -T h e rm a l D ia g n o stics  Inc, Toronto , C a n a d a  w a s  u sed  to  pe rfo rm  th e  m e a s u re m e n ts . V a r io u s  a s p e c ts  o f th e  in s tru m en ta tio n  a s  w e ll a s  q u a n tita tiv e  resu lts  o f th e  sensitiv ity  
to  th e  im p lan ta tio n  d o s e s  an d  e n e rg ie s  an d  th e  p hysics  o f s ig n a l d e p e n d e n c e  on d o s e  w ill be  p re s e n te d . T h is  la s e r-b a s e d  c a rr ie r-w a v e  te c h n iq u e  m o n ito rs  h a rm o n ic a lly  p h o to e x ­
c ited  an d  re co m b in in g  c arr ie rs  a n d  s h o w s  g re a t po te n tia l a d v a n ta g e s  o v e r  ex is ting  m e th o d o lo g ie s  fo r  c h a ra c te r iz a tio n  o f m u ltip le  s em ic o n d u c to r  p ro c e s s e s  s uch  a s  ion im p la n ta ­
tion  a n d  o th e r S i w a fe r  p ro c es s  s te p s .

* In collaboration with X. Guo, A. Mandelis and A. Simmons, Photo-Thermal Diagnostics Inc.
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T U -A 1 2 -2  1 0 h 3 0

Y U R I G U R E V IC H , C in v e s ta v  d e l I .P N .

The Transport of Nonequilibrium Cartiers in Semiconductor Structures (New point of view)
T h e  ro le  o f n o n e q u ilib riu m  e le c tro n s  a n d  h o le s  in lin e a r  a n d  n o n lin e a r tra n s p o rt is d isc u s se d . It is sh o w n  th a t th e  th e rm o -e m f, e le c trica l an d  th e rm a l re s is tan ce  in s e m ic o n d u c to r  
s tru c tu res  d e p e n d  on th e  ra te  o f  s u rfa c e  a n d  bu lk  re c o m b in a tio n  o f  none q u ilib riu m  c arrie rs . T h e  trans ition  to  th e  g e n e ra l c a s e  ta k e s  p lac e  on ly  w h e n  th e  re c o m b in a tio n  ra te  is infi­
n ite . It is sh o w n  th a t th e  w ell know n  c o n c e p ts  o f life -tim e  o f  none q u ilib riu m  c a rrie rs  c o n tra d ic t th e  M a x w e l’s  e q u a tio n s . L ife -tim e s  o f  none q u ilib riu m  c a rrie rs  c an  b e  correctly  
d e fin e d  on ly  a t eq u ality  o f n o n e q u ilib riu m  c o n ce n tra tio n  o f e le c tro n s  a n d  ho le s . T h e  co rrec t d e fin ition  o f re c o m b in a tio n  ra tes  o f n o n e q u ilib riu m  e le c tro n s  a n d  h o le s  is d isc u s se d .
In th e  g e n e ra l c a s e , th e s e  re c o m b in a tio n  ra tes  d e p e n d  on e x te rn a l g e n e ra tio n  ra tes , e ffe c tive  e le c tro n , ho le  an d  p honon  te m p e ra tu re s  a n d  on th e ir  sp atia l in h o m o g e n e ity . T h e  
q u e stio n  a b o u t th e  fo rm a tio n  o f  q u a s in e u tra l p a ck e ts  o f n o n e q u ilib riu m  c arrie rs  is s tu d ied . N e w  c u rren t b o u n d a ry  con d itio n s  a t th e  b o rd e r o f tw o  c o n ducting  m e d ia  w e re  fo rm u la t­
e d  tak ing  into a c c o u n t s u rfa c e  re s is tan ce  an d  s u rfa c e  re co m b in a tio n . T h e  a b o v e  s ta ted  q u e s tio n s  a re  o f g re a t im p o rta n ce  to  d es ign  solid s ta te  e le c tro n ic  d e v ic e s , to in te rp ret 
e x p e rim e n ta l resu lts  o f n o n e q u ilib riu m  c h a rg e  c arr ie rs  tra n s p o rt a n d  fo r th e  m e as u rin g  o f k ine tic  c h a ra c te ris tic s  o f  conducting  m e d ia .

1 1 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé

T U -A 1 2 -3  1 1 h 1 5

H A N S  D . H A L L E N , N orth  C a ro lin a  S ta te  U n ivers ity

Electron-Induced Motion Of Atoms: Mechanisms And Insights About Hot Electron Transport*
F e w -e le c tro n -v o lt e n e rg y  e le c tro n s  c an  in d u c e  m otion  o f  a to m s  in m e ta ls . W e  h a v e  o b s e rv e d  o x yg e n  m otion  in Y B C O  film s  w ith  n e ar-fie ld  op tical m icro sco p y  (N S O M ) an d  gold  
a to m /v a c a n c y  m otion  in gold  th in  film s  using ballis tic  e le c tro n  e m is s io n  m icro sco p y  (B E E M ). T h is  s o m e w h a t surpris ing  resu lt c an  be  a ttrib u ted  to  lo ca lized  bond b re ak in g . T h e  
p ro c es s  resu lts  in a n  in c re a s e d  loca l d iffusiv ity  o f  o x yg e n  in Y B C O , a n d  to  s u b s u rfa c e  te rra c e  g ro w th  a n d /o r  m o u n d  fo rm a tio n  in go ld  film s. T u n n e l e le c tro n  e n e rg y  d e p e n d e n c e  is 
m e a s u re d . T h e  th resho ld  b e h a v io r  is c o n s is te n t w ith  e x p e c ta t io n s  fro m  band  s tru c tu re . T h e  e ffe ct is lim ited  to  a  s in g le  g ra in  in both c a s e s , im plying  th a t th e s e  hot e le c tro n s  do  
not c ro ss  g ra in  b o u n d a rie s  —  th e  e le c tro n s  lo o s e  th e ir  e x c e s s  e n e rg y  first.

* In coordination with Suzanne Heurth, SPAWAR

T U -A 1 2 -4  1 1 h 4 5

G ro u n d -B a s e d  Testing  o f E le c tro n ic  D e v ic e s  fo r S p a c e  R a d ia tio n  E ffe c ts , E w a r t  W . B la c k m o r e , TRIUMF —  S p a c e c ra ft s y s te m s  a re  e x p o s e d  to  e n e rg e tic  c h a rg e d  pa rtic le s  th a t  
c an  c a u s e  p ro b le m s  fo r o n -b o ard  e le c tro n ics  an d  d e v ic e s , s uch  a s  s in g le -e v e n t e ffe c ts  (S E E s ), tra n s ie n t ion izatio n  e ffe c ts  an d  in s o m e  c a s e s  fa ilu re  fro m  to tal d o s e . T h e  s p a c e  
rad ia tio n  e n v iro n m e n t consis ts  o f  th re e  c o m p o n e n ts  -  g a la c tic  c o sm ic  rays , pa rtic le s  fro m  s o la r  e v e n ts  an d  pa rtic le s  tra p p e d  in p lan e ta ry  m a g n e to s p h e re s . F o r m a n y  s ituatio ns  
th e  rad ia tion  p ro b le m s  a re  p re d o m in an tly  c a u s e d  by e n e rg e tic  p ro ton s  w ith  e n e rg ie s  rang in g  fro m  a  fe w  M e V  to  h u n d re d s  o f  M e V , th e  s a m e  e n e rg y  ra n g e  a s  th e  T R IU M F  
c yc lo tron . In 1 9 9 5  a  d e d ic a te d  te s t fac ility  w a s  d e v e lo p e d  using T R IU M F  b e a m s  to  e n a b le  s p a c e  e le c tro n ics  d e s ig n e rs  to  te s t ind iv idua l d e v ic e s  o r c ircu its  fo r rad ia tion  e ffe c ts . A  
1 0 -y e a r  m iss ion  d o s e  c an  be  d e liv e re d  in a  m a tte r  o f m in u te s . T h is  fac ility  is in fre q u e n t u s e  by s p a c e  c o m p a n ie s , un iv ers ities  an d  la b o ra to rie s  in C a n a d a , U n ite d  S ta te s  an d  
E u ro p e . T h e  b e a m s  a re  a ls o  usefu l fo r testing  e le c tro n ics  fo r partic le  physics  e x p e rim e n ts  a t c o lliders  w h e re  th e  rad ia tion  d o s e  is s ign ifican tly  h ig h e r th a n  in s p a c e . T h e  proton  
te s t fac ility  a n d  a  re ce n t d e v e lo p m e n t o f a  neu tro n  te s t fac ility  fo r te rres tria l a p p lic a tio n s  a n d  a v io n ic s  w ill b e  d e sc rib ed  a n d  s o m e  typ ica l resu lts  w ill b e  p re s e n te d .

T U -A 1 2 -5  1 2 h 0 0

S ilicon  P h o to m u ltip lie r a s  a  R e a d o u t S y s te m  fo r a  B a rre l C a lo r im e te r  (G lu e X  P ro je c t).. V ita l i  K o v a ltc h o u k ,  Z .  P a p a n d re o u , G. Lolos , University of Regina —  P h o to m u ltip lie r  
tu b e s  (P M T ) ,  hybrid  p h o to d io d es  (H P D )  an d  s ilicon pho to m u ltip lie rs  (S iP M ) h a v e  b e en  in ve s tig a ted  u n d e r lab o ra to ry  con d itio n s  a s  c a n d id a te s  fo r th e  re a d o u t s y s te m  o f th e  
H a llD /G lu e X  ba rre l c a lo r im e te r  a t J e ffe rs o n  L a b . T h e  s h a p e s  o f p u ls es  a m o n g  th o s e  re a d o u t s y s te m s  a re  p re s e n te d  h e re , w ith  e m p h a s is  on  th e  rise  tim e  a nd  th e  pu ls e  dura tion . 
T h e  e n e rg y  a nd  tim ing  s p e c tra  fo r  a  m in im u m  ion izing  pa rtic le  tra ve rs in g  a  sc in tilla ting  fib e r  (S C S F -3 8 )  w e re  m e a s u re d  w ith  a  ph o to m u ltip lie r tu b e  an d  a  s ilicon pho tom ultip lier. 
F ro m  th e s e  te s ts , it c an  be  c o n c lu d e d  th a t it is fe a s ib le  to  u s e  a  s ilicon p h o to m u ltip lie r a s  a  re ad o u t s y s te m  fo r th e  ba rre l c a lo rim eter. S iP M ’s h a v e  b e tte r  e n e rg y  a n d  tim e  re so lu ­
tions  in c o m p aris o n  w ith  P M T ’s a n d  H P D ’s  a n d  a re  not s e n s itive  to a  high m a g n e tic  fie ld .

T U -A 1 2 -6  1 2 h 1 5

D y n a m ic  R e s p o n s e  O f  A  P a ir  O f E le c tro s ta tica lly  C o u p le d  C a n tile v e rs : E x p e rim e n ta l C h a ra c te r iz a t io n  A n d  M o d e llin g *, K .M . C h e n g , D .R . O liv e r, G .E . B rid g e s  a n d  D .J . T h o m s o n , 
University of Manitoba — M ic ro -e le c tro -m e c h a n ic a l s y s te m s  (M E M S ) te c h n o lo g ie s  u s e  in te g ra ted  circuit fa b rica tio n  te c h n iq u e s  to  p ro d u c e  th re e -d im e n s io n a l s tru c tu res  w ith  
m ic ro n -s c a le  d im en s io n s . A n  ap p lic a tio n  o f  M E M S  te c h n o lo g y  is in th e  d e s ig n  o f m e c h a n ic a l R F  re so n a to rs  an d  filte rs. C o m p a re d  to th e ir  e le c tro n ic  co u n te rp arts , such  s tru c tu res  
c an  h a v e  la rg e r Q  v a lu e s  an d  s m a lle r  p o w e r re q u ire m e n ts . H o w e v e r, c h a ra c te riz in g  th e  v ib ra tio n  m o d e s  o f th e s e  s tru c tu res  p re s e n ts  in te res tin g  c h a lle n g e s . A s  a n  a lte rn a tiv e  to  
in te rfe ro m etry , o u r te c h n iq u e  d e riv e s  fro m  n o n -co n tac t sca n n in g  p ro b e  m icro sco p y  (S P M ).  T h is  te c h n iq u e  h a s  b e en  a d a p te d  to e x a m in e  iso la ted  re so n a to rs , e n ab lin g  m od e lin g  o f 
th e ir  c h a ra c te r  w ith o u t load ing  d u e  to  d rive  e le c tro n ics . W e  d e m o n s tra te  th e  te c h n iq u e  using tw o  fre e -s ta n d in g  c an tile ve rs , o n e  is th e  S P M  p ro b e  th e  o th e r acting  a s  th e  ta rg e t  
re so n a to r. A  m o d u la te d  R F  s o u rce  is a p p lie d  to  th e  p ro b e  c a n tile v e r  (re s o n a n t fre q u e n c y  o f  1 4 k H z ) an d  a c tu a te s  th e  m o d e s  o f a  s ta tionary , g ro u n d e d  te s t c a n tile v e r  w ith  a  re so ­
n a n t fre q u e n c y  o f 8 0 k H z . T h e  e le c tro s ta tic  in te rac tion  e x p e rie n c e d  b e tw e e n  th e  p ro b e  tip  an d  th e  te s t c a n tile v e r  resu lts  in a n  a ttra c tiv e  fo rc e  (e x p e rie n c e d  a t th e  p ro b e  tip ), th e  
resu lting  d e flec tio n  is d e te c te d  w ith  a  b e a m  b o u n c e  s y s te m  a nd  a  lock-in  a m p lifie r. F u n d a m e n ta l an d  h ig h e r (lo n g itu d in a l) m o d e  fre q u e n c ie s  fo r th e  te s t c a n tile v e r  w e re  p red ic ted  
using  e ig e n v a lu e  re la tio n s  a n d  d e te c te d  e le c tro s ta tica lly  using  th is  te c h n iq u e . T h e  re s p o n s e  a m p litu d e s  d e te c te d  fo r h ig h e r m o d e s  s u c c e s s iv e ly  d e c re a s e d  ind icating  la rg e r e ffe c ­
tiv e  spring  c o n stan ts . W h ile  th e  “fre e  v ib ra tio n ” c h a ra c te r  o f  th e  g ro u n d e d  c a n tile v e r  is e v id e n t fro m  th e  d a ta , c h a ra c te ris tic s  re la tin g  to  th e  c o u p led  s y s te m  w e re  a ls o  fo u n d . T h e  
a n a ly s is  inc lu d e s  d iscussion  o f a  s u itab le  c o u p led  m o d e l fo r  th is  s ys te m .

* In collaboration with D.R. Oliver, G E . Bridges and D.J. Thomson, ECE, University of Manitoba.
** This work is being supported by NSERC.

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A13] Correlated Electrons - Magnetism / Électrons corrélés - Magnétisme Tu e s d a y , Ju n e  15
MARDI, 15 JUIN

(dcmmp/opmcm) 10h00 - 12h30

[  R o o m /S a l le  :  C o lb o u r n e  ] C h a ir :  W .J.L. B u y e rs ,  N R C

T U -A 1 3 -1  1 0 h 0 0

T A P A S H  C H A K R A B O R T Y , U n iv ers ity  o f M a n ito b a

How to Probe a Fractionally-Charged Quasihole?
A  cu rio u s  a n o m a lo u s  d isp ers io n  o f  c h a rg e d  e x c ito n s  in p h o to lu m in e s c e n c e  e x p e rim e n ts  on a  tw o -d im e n s io n a l e le c tro n  g a s  s u b jec te d  to  a  q u a n tiz in g  m a g n e tic  fie ld  a t a nd  a ro u n d  
1 /3  filling o f th e  low est L a n d a u  leve l w a s  o b s e rv e d  e x p e rim e n ta lly . T h e  a n o m a ly  e x is ts  on ly  a t a  v e ry  low  te m p e ra tu re  an d  an  in te rm e d ia te  e le c tro n  de n sity i o f th e  e le c tro n  g a s . 
W e  e x p la in e d  th e  a n o m a ly  a s  d u e  to  a  pe rtu rb a tio n  o f th e  in co m p re s s ib le  liquid a t th e  1 /3  filling fac to r, in d u ced  by th e  c lo s e  p rox im ity  o f a  lo ca lized  c h a rg e d  exc iton  w h ich  c re a te s  
a  fra c tio n a lly -c h a rg e d  q u a s ih o le  in th e  liquid . T h e  intriguing e x p e rim e n ta lly  o b s e rv e d  p u z z le  th a t th e  a n o m a ly  c an  b e  d e s tro y e d  by a pp ly ing  a  v e ry  s m all th e rm a l e n e rg y  is th e re b y  
re s o lv e d , a s  th is  e n e rg y  is foun d  to be  e n o u g h  to c lo se  th e  q u a s ih o le  e n e rg y  g a p . T h is  w o rk  is th e  first e v e r  p ro b e  o f th e  q u a s ih o le  g a p  in a  q u a n tu m  H a ll s ys te m .
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Résumés des sessions orales

T U -A 1 3 -2  1 0 h 3 0

T ra n s p o rt G a p  in Q u a n tu m  H a ll B ilav e rs  a t Total F illing F a c to r  ν  =  5 *. C .B . D o ir o n  a n d  R . C ô té , Université de Sherbrooke —  A t to ta l filling fa c to r  ν  =  5 , th e  g ro u n d  s ta te  o f tw o  
c o u p led  b id im en s io n a l e le c tro n  g a s e s  in a  p e rp e n d ic u la r  m a g n e tic  fie ld  is p re d ic te d  to  be  a  s tripe  p h a s e  fo r  in te rla y e r d is ta n c e  d > dc. T h is  s y s te m  p re s e n ts  u n id im en s io n a l 
c o h e re n t c h a n n e ls  w h e re  th e  e le c tro n s  a re  to ta lly  d e lo c a liz e d  a cro s s  both w e lls . T h e  lo w e s t-e n e rg y  c h a rg e d  e xc ita tio n s  su p p o rte d  in th e  s tripe  p h a s e  a re  p s eu d o sp in  so litons  
lo ca lized  in th e s e  c o h e re n t c h a n n e ls . T h e  so lito n ’s  e n e rg y  is th u s  d irec tly  re la te d  to  th e  tra n s p o rt g a p  o f such  a  s ys te m , o n e  o f th e  p ro p e rtie s  o f th e  s tripe  p h a s e  th a t is m ost o p e n  
to  e x p e rim e n ta l study. W o rk in g  in th e  H a r tre e -F o c k  a p p ro x im a tio n , w e  h a v e  in ve s tig a ted  th e  p h a s e  d ia g ra m  o f q u a n tu m  H a ll b ilay ers  a t filling fa c to r  ν  =  5  a nd  h a v e  co m p u te d  
th e  so lito n ’s e n e rg y  fo r a  w id e  ra n g e  o f in te r la y e r  d is ta n c e s  an d  tun n elin g s .

* This work is being supported by NSERC .

T U -A 1 3 -3  1 0 h 4 5

P in n in g  M o d e  o f  th e  E le c tro n  C ry s ta ls  in H ig h e r  L a n d a u  L e v e ls *, A le x a n d r e  F a r ib a u l t1, R . C ô té  1, M . L i 1, H .A . Fertig  2 an d  H . Y i 3, 1 Université de Sherbrooke, 2 U n ivers ity  o f 
K e n tu c k y  a n d  3 K o re a  Institu te  fo r A d v a n c e d  S tu d ie s  —  In L a n d a u  leve l N  > 0 , m e a n -fie ld  th e o ry  p red ic ts  th a t a  tw o -d im e n s io n a l e le c tro n  g a s  w ill go  th ro u g h  s e v e ra l s truc tu ra l 
tra n s itio n s  a s  th e  partia l filling fa c to r  is in c re a s e d . It w ill e v o lv e  fro m  a  W ig n e r  c rys ta l (W C ) a t lo w  filling, th ro u g h  v a r io u s  b u b b le  p h a s e s  (W C  w ith  n e le c tro n s  p e r la ttice  s ite ) at 
in te rm e d ia te  filling a n d  th e n  to  a  s tripe  p h a s e  c lo s e  to  a  h a lf filling. T h e  e le c tro n  c rys ta ls  (W C  an d  b u b b le s ) w ill be  p inned  in th e  p re s e n c e  o f d iso rd er a n d  th e re fo re  w ill s h o w  a  
p e a k  in th e  conductiv ity  a t a  fin ite  fre q u e n cy . T h e  b e h a v io u r o f th e  p inn ing  p e a k  w ith  filling fa c to r  is s tu d ied  by build ing an  e la s tic  m o d e l w h o s e  p a ra m e te rs  a re  e x tra c te d  fro m  the  
n u m e ric a l resu lts  o f th e  tim e  d e p e n d a n t H a r tre e -F o c k  a p p ro x im a tio n . T h e  d is o rd e r is then  tre a te d  by using th e  re p lic a  th eo ry  a nd  g a u s s ia n  v a ria tio n a l m e th o d . T h e  resu lts  o f this  
c a lc u la tio n  a re  th e n  c o m p a re d  w ith  re c e n t m ic ro w a v e  e x p e rim e n ts .

* This work is being supported by FCAR,CRSNG.

1 1 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé  

T U -A 1 3 -4  1 1 h 1 5

T h e  F o rm a tio n  o f S trip es  a n d  th e  E n h a n c e m e n t o f P a irin g  in th e  A n is o tro p ic  t -  J M o d e l*, K e n  V o s , J .M . T ip p e r a n d  C . G e n e rt, University of Lethbridge —  W e  h a v e  e x a m in e d  
th e  fo rm a tio n  o f s tr ip es  a n d  pa iring  in th e  an is o tro p ic  t -  J m o d e l. W e  h a v e  u sed  e x a c t d ia g o n a liza tio n  m e th o d s  on  s e v e ra l d iffe ren t c lu s te r  s iz e s  to  e x a m in e  th e  u n d e rd o p e d  
reg ion . W e  h a v e  foun d  tha t a s  th e  v a lu e s  o f  th e  lo n g -ra n g e  hopping  p a ra m e te rs  in c re a s e , th e  ho le s  a re  foun d  to s e p a ra te  w h ile  e n h a n c in g  th e  s tren g th  o f th e  b ind ing , resu lting  in 
a  b i-d ire ctio n a l s tr ip e -lik e  con fig u ra tio n  o f  c h a rg e  carrie rs . E v id e n c e  o f u n id irec tiona l s tripe  fo rm a tio n  in th e  ho le  a n d  sp in  c o rre la tio n s  is fo u n d  upon  co n s id e ra tio n  o f  th e  p h a se  
trans ition  b e tw e e n  th e  h ig h -te m p e ra tu re  te tra g o n a l an d  lo w -te m p e ra tu re  o rth o rh o m b ic  p h a s e s  o f S r-d o p e d  L a -2 1 4 , re p re s e n te d  by a n  an is o tro p ic  n e x t-n e a re s t n e ig h b o r hopping  
p a ra m e te r . U p o n  e x a m in a tio n  o f th e  m a g n e tic  s truc tu re  fac to r, th e  v a lu e s  c lo s e s t to  (π,π) a re  fo u n d  to  in c re a s e  rap id ly  a s  a  func tion  o f d o p in g , ind ica tive  o f  th e  fo rm a tio n  o f 
in c o m m e n s u ra te  p e a k s . W e  h a v e  d e te rm in e d  th a t th e  fo rm a tio n  o f s tr ip es  pa ra lle l to  th e  C u -O -C u  b o n d s  e n h a n c e s  pa iring  an d  in th e  bu lk  lim it th e re  is a  fin ite  ra n g e  o f  dop ing  
c o n c e n tra tio n s  w h e re  ho le  pa irs  w ill fo rm . T h e s e  resu lts  a re  c o n s is te n t w ith  th e  e x p e rim e n ta l d a ta . T h e  c o m p u ta tio n a l in frastru ctu re  w a s  p rov id ed  by M A C I an d  W E S T G R Id .

* This work was supported by NSERC of Canada.
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P s e u d o g a p  in O rth o -II Y B C O : N M R  v s . IN S *, B r y a n  W . S ta t t  an d  Z .  Y a m a n i, University of Toronto —  T h e  p s e u d o g a p  a s  m e a s u re d  by C u  N M R  fo r O rth o -II Y B C O  is p re se n te d  
h e re . T h e  p s e u d o g a p  c an  be  s e e n  in th e  K night S h ift a n d  th e  S p in -L a ttic e  R e la x a tio n  ra te  (1/ T 1). T h e  K n igh t S h ift is p ro portiona l to  th e  q = 0  s uscep tib ility  w h e re a s  1/ T 1 is p re ­
d o m in a n tly  th e  im ag in a ry  s uscep tib ility  a t q = (rc ^ ). By c o n tra s t, re ce n t In e la s tic  N e u tro n  S c a tte rin g  e x p e rim e n ts  [1] on O rth o -II Y B C O  re v e a l no  sign o f th e  p s e u d o g a p . T h is  d is ­
c re p a n c y  w ill be  d isc u s se d  in te rm s  o f th e  d iffe ren t tim e  s c a le s  o f N M R  an d  IN S  m e a s u re m e n ts .

1. C.Stock, PRB 69, 014502 (2004).
* This work is being supported by NSERC.
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C o n tin u o u s  M a p  o f  th e  P h a s e  D ia g ra m  o f H igh  T e m p e ra tu re  S u p e rc o n d u c to rs  U s ing  a C o m p o s itio n  S p re a d  A p p ro a c h *, K e v in  C . H e w it t ,  R .J . S a n d e rs o n , Dalhousie University 
—  T h e  physica l p ro p e rties  o f c u p ra te  s u p erc o n d u c to rs  a re  v ery  s en s itive  to sm all c h a n g e s  in ho le  o r  e le c tro n  d op ing . U p  to now , th e  p h a s e  d ia g ra m  h a s  b e en  m a p p e d  d iscrete ly . 
W e  h a v e  d e v e lo p e d  a  m e th o d  o f  syn th es iz in g  th e  e n tire  p h a s e  ra n g e , fro m  th e  a n tife rro m a g n e tic  insu la ting  p h a s e  th roug h  to th e  o v e rd o p e d  p h a s e , in a  s in g le  e x p e rim e n t using  
thin film  s p u tte r d e position  c o m b in e d  w ith  p hysical m a sk in g  te c h n iq u e s . T h e  te c h n iq u e  e n a b le s  us  to m e a s u re , in a  truly c o n tin u o u s  m a n n er, th e  physical p ro p e rties  o f  the  
c u p ra te s . X -ra y  p h o to e le ctro n  spec tro s co p y , R a m a n  spec tro s co p y , X -ra y  d iffrac tion , W a v e le n g th  D is p e rs iv e  s p ec tro s co p y  a nd  high th ro u g h p u t resistivity  a re  u sed  to  c h a ra c te r iz e  
th e  resu lting  film s  for, re sp e ctive ly , a v e ra g e  C u  v a le n c e , o p to -e le c tro n ic  p ro p e rties , s tru c tu re , c o m p o s itio n , a n d  e le c tro n ic  tra n s p o rt. R e su lts  fro m  o u r first s y s te m  [B i2S r2C a 1- 
xY xC u 2 O 8+5 (0  <  x  <  1)] o f s tudy  w ill be  p re s e n te d .

* This work is being supported by NSERC.
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U n b ia s e d  L a s e r  D e te c tio n  In U n c o o le d  Y B C O  T h in  F ilm s *, M a r t in  P a u l B o u r g e o is 1, P. M é r e l2, C . L a v ig n e 2, A .J .-B . K petsu  1, R . P ro v e n c h e r2 a n d  R .A . L e ss a rd  1, 1 Université 
Laval an d  2G e n te c -E O  —  It h a s  b e en  sh o w n  in th e  last d e c a d e  th a t Y B C O , a  m a te r ia l m ostly  know n  fo r  its ou ts ta n d in g  su p erc o n d u c tin g  p ro p e rties , can  a ls o  be  u sed  a s  a  ra d ia ­
tion d e te c to r. Both a m o rp h o u s  an d  c rys ta llin e  film s  h a v e  b e e n  sh o w n  to  be  o f in te res t fo r th is  a p p lic a tio n , an d  both p yroe lectric ity  a n d  th e rm o e le c tric ity  h a v e  b e e n  p ro p o s ed  to 
e x p la in  th e  o b s e rv e d  re s p o n s e . In th is  w o rk , w e  a tte m p t to  o p tim ize  Y B C O  film  p ro p e rties  by a n n e a lin g  R F -s p u tte re d  film s. A s  v a rio u s  film  a n n e a lin g  cond itio n s  a re  e x p e rim e n te d  
w ith , x -ra y  d iffrac tion , s p ec tro p h o to m etry , resis tiv ity  m e a s u re m e n ts  a n d  la s e r  re s p o n s e  a re  u sed  to e v a lu a te  film  qua lity  a n d  to b e tte r  e xp la in  th e  o b s e rv e d  e ffect.

* This work is being supported by NSERC.
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F a b ric a tio n  e t c a ra c té ris a tio n  d e  c o u c h e s  m in c e s  d e  Y B a C u O  : o p tim isation  d e  la c ris ta llis a tio n *, A .K .J .B . K p e ts u , M . B o u rg e o is , C . L a v ig n e , P. M é re l, R .A . L e s s a rd  et 
R . P ro ve n c h er, Université Laval —  L e  Y B a C u O  ou Y B C O  (Y B a 2 C u 3 O 7)  e s t u n e  c é ra m iq u e  c o n n u e  p our s e s  p ro p rié tés  s u p ra c o n d u c tric e s  à  ‘h a u te  te m p é ra tu re ’ (T c « 9 3  K ). 
O u tre  c e tte  c a ra c té r is tiq u e , le Y B C O  a  un e  s tru c tu re  qui le rend  trè s  in té re s s a n t p our p lu s ieu rs  a p p lic a tio n s , n o ta m m e n t p o u r la  fa b rica tio n  d e  d é te c te u rs  o p tiq u e s . D a n s  c e tte  
p e rs p e c tiv e , no u s  p ro c éd o n s  d ’a b o rd  au  d é p ô t d e  c o u c h e s  m in c e s  d e  Y -B a -C u -O  p a r pu lv érisa tio n  c a th o d iq u e  R F  s u r d e s  s u b stra ts  d e  M g O  e t d e  S rT iO 3, e n s u ite  à  leu r  
cris ta llisa tion  d a n s  d iv e rs e s  con d itio n s  d e  tra ite m e n t th e rm iq u e  e t en fin  à  leu r c a ra c té r is a tio n . C e tte  é tu d e  d e  c a ra c té ris a tio n  v is e  d ’u ne  part à  c o m p re n d re  les  c h a n g e m e n ts  d e s  
p ro p rié tés  d e s  c o u c h e s  d é p o s é e s  en  fonc tion  d e  leu rs  cond itions  d e  p ré p ara tio n  e t d ’a u tre  part à  p e rm e ttre  a in s i un certa in  co n trô le  d e  la s tru c tu re  c ris ta lline  o b te n u e  afin  
d ’o p tim is e r en  p articu lie r la c ris ta llisation  d e  c o u c h e s  é p ita x ia le s  d e  Y B C O  p o u r les  a p p lic a tio n s  s o u h a ité e s  e n  d é te c tio n . C e  pro jet e s t ré a lis é  en  c o lla b o ra tio n  a v e c  la  c o m p a g n ie  
G e n te c  E le c tro -O p tiq u e  inc. à  Q u é b e c .

* Travail réalisé grâce à : NSERC : CG0589, et à FQ NRT : FR051731, FT073270.
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J O H N  W . H E P B U R N , U n iv ers ity  o f  British C o lu m b ia

Spectroscopy and Dynamics of Threshold Ionization of Clusters and Small Molecules*
In th is  ta lk , re ce n t resu lts  on th re s h o ld  p h o to io n iza tio n  an d  p h o to io n -p a ir production  w ill b e  d isc u s se d . In th e s e  e x p e rim e n ts , c o h e re n t v a c u u m  u ltrav io le t rad ia tion  is u sed  to  
e x c ite  s m all m o le c u le s  o r c lu s te rs  to  h ighly e xc ite d  s ta tes , w h ich  c an  resu lt in th e  fo rm a tio n  o f c o n v e n tio n a l o r io n -p a ir R y d b e rg  s ta tes , w h ich  c an  be  d e te c te d  by p u ls ed -fie ld  ion­
iza tio n . T h is  th re s h o ld  s p ec tro s co p y  a llo w s  us to  p ro b e  th e  e n e rg e tic s , spec tro s co p y , a nd  d y n a m ic s  o f  ph o to io n iza tio n  an d  p h o to io n -p a ir production .

* In collaboration with Q. Hu, University of British Columbia.
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W O L F G A N G  J A E G E R , U n ivers ity  o f  A lb e rta

Spectroscopy of HeN-Molecule Clusters: AProbe of the Onset of Superfluidity?
H ig h  reso lu tion  m o le c u la r  s p ec tro s co p y  ho lds  g re a t p ro m ise  to  bridge th e  g a p  in o u r k n o w le d g e  a b o u t m icroscop ic , m o le c u la r-s c a le  s y s te m s  on o n e  s id e  an d  th e  bu lk  p h a s e  on  
th e  o ther. S p e c tro s c o p y  o f w e a k ly  bound  c o m p le x e s  h a s  re ce n tly  b e e n  p u s h ed  into a  n e w  s iz e  re g im e  w ith  th e  inves tigation  o f  m e d iu m -s iz e d  H e N -m o le c u le  c lus te rs . T h e  s u c c e s ­
s iv e  s o lva tion  o f th e  m o le c u la r  c h ro m o p h o re s  w ith  h e liu m  a to m s  p ro m ise s  to  s h ed  light on  th e  m icro s c o p ic  evo lu tio n  o f th e  bu lk  p h a s e  p ro p e rty  superflu id ity . In th is  ta lk , ro ta tional 
s p e c tra  o f m e d iu m  s ize d  H e N-m o le c u le  c lu s te rs  w ill be  p re s e n te d  (m o le c u le  =  carb o n y l s u lfid e , n itrous o x id e , ca rb o n  m o n o x id e , c y a n o a c e ty le n e ). T h e  co rres p o n d in g  s p e c tro s c o p ­
ic c o n stan ts  w ill be  c o m p a re d  w ith  resu lts  fro m  th e o re tic a l s im u la tio n s . T h e re  is ind ica tio n , fro m  th e  N -d e p e n d e n c e s  o f th e  m o m e n ts -o f-in e rtia , th a t th e  h e lium  a to m s  beg in  to  
d e c o u p le  fro m  th e  ro ta tiona l m otion  o f th e  m o n o m e rs . It w ill be  exp lo re d  h o w  th e  tre n d s  in th e  s p ec tro s co p ic  c o n stan ts  o f  th e  q u a n tu m  s o lv a te d  s y s te m s  c an  be  u sed  to  tra c e  th e  
o n s e t o f ‘m ic ro s c o p ic  su p erflu id ity ’.
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W IL L IA M  V A N  W IJ N G A A R D E N , Y o rk  U n ivers ity

Bose Einstein Condensation in a QUIC Trap
T h e  a p p a ra tu s  a nd  p ro c e d u re  re qu ired  to  g e n e ra te  a  p u re  B o s e  E in ste in  C o n d e n s a te  (B E C ) is d e s c rib e d . T h e  a to m s  a re  first la s e r  c o o led  in a  v a p o u r  cell m a g n e to -o p tic a l tra p  
(M O T )  a n d  s u b s e q u e n tly  tra n s fe rre d  to  an  u ltra lo w  p re ss u re  M O T . T h e  a to m s  a re  lo ad ed  into a  Q U IC  tra p  consis ting  o f a  p a ir  o f  q u a d ru p o le  coils  an d  a  Io ffe  coil th a t g e n e ra te s  a  
s m all fin ite  m a g n e tic  fie ld  a t th e  tra p  e n e rg y  m in im u m  to  s u p p re s s  M a jo ra n a  tra n s itio n s . E va p o ra tio n  in d u ced  by an  R F  fie ld  lo w ers  th e  te m p e ra tu re  perm itting  th e  trans ition  to  
B E C  to  b e  o b s e rv e d  by m on ito ring  th e  fre e  e xp a n s io n  o f th e  a to m s  a fte r  th e  tra p p in g  fie ld s  h a v e  b e e n  sw itc h e d  off.

T U -A 1 4 -4  1 1 h 3 0

A L L A N  G R IF F IN ,  U n ivers ity  o f Toronto

Molecular BEC Condensate vs a BCS Superfluid in a Trapped Atomic Fermi Gas
R e ce n tly , th e re  h a s  b e e n  e n o rm o u s  in te res t in tra p p e d  u ltra  cold  tw o  c o m p o n e n t a to m ic  F e rm i g a s e s . In th e  last y e a r , s e v e ra l g ro u p s  (J IL A , M IT , In n s b ru ck ) h a v e  p ro d u c ed  a  
B o s e  c o n d e n s a te  o f  s ta b le  d im e r m o le c u le s  by w o rk in g  c lo s e  to  F e s h b a c h  re s o n a n c e . In th is  re v ie w  ta lk , I w ill d iscuss  th e s e  e x p e rim e n ts  an d  th e  p hysics  o f th e  B C S -B E C  
c ro s s o v e r in th e  p re s e n c e  o f a  F e s h b a c h  re s o n a n c e . I w ill a rg u e  th a t th e re  is no e s s e n tia l d iffe re n c e  b e tw e e n  th e  th e o ry  o f  a  m o le c u la r  B E C  in a  F e rm i g a s  a n d  th e  m o re  tra d i­
tio n a l B C S  s ta te  a s s o c ia te d  w ith  th e  fo rm a tio n  o f C o o p e r  pa irs . B oth lim its  a re  d e sc rib ed  by a  B C S -ty p e  m e a n  fie ld  theory , but n o w  w ith  a  c o m p o s ite  o rd e r p a ra m e te r  d escrib in g  
both a  B E C  o f m o le c u le s  a n d  C o o p e r  pairs . B y ra m p in g  th roug h  th e  F e s h b a c h  re s o n a n c e , o n e  should  soon  be  a b le  to  m a k e  a  c o m p le te  s tudy  o f both th e  q u a s ip a rtic le  s p ec tru m  
a n d  th e  c o lle c tive  m o d e s  in th e  c ro s s o v e r reg ion  o f s uch  F e rm i s u perflu ids .
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M e a s u rin g  a S in g le  Ion a t th e  L im its  o f  T im e *, A la n  A . M a d e j,  P. D u b é , J .E . B e rn a rd  an d  L. M a rm e t , INMS, National Research Council —  R e c e n t e x p e rim e n ts  using s ing le , 
la s e r  c o o led  ions he ld  in e le c ty ro d y n a m ic  tra p p in g  fie ld s  h a v e  p ro d u c ed  o n e  o f th e  c lo s e s t a p p ro x im a tio n s  o f an  iso la ted  q u a n tu m  s y s te m  a t rest. T h e s e  s y s te m s  fo rm  a  un ique  
te s t-b e d  to  s tudy a to m ic  p hysics  a n d  s p ec tro s co p y  a t th e  lim it o f th e  h ig h e st a c c u ra c y  an d  p rec is ion  an d  h a v e  b e e n  a p p lie d  to  m e a s u re  th e  tim e  v aria tio n  o f fu n d a m e n ta l c o n ­
s tan ts . In th e  last fe w  y e a rs , such  tra p p e d  ion s a m p le s  h a v e  b e en  s tud ied  a s  th e  po ten tia l re fe re n c e  fre q u e n c y  fo r a  n e w  g e n e ra tio n  op tica l a to m ic  c lo c k s  w h o s e  a c c u ra c y  h a ve  
th e  po te n tia l to  o u tp erfo rm  th e  c u rren t C s  a to m  b a se d  re a liza tio n  o f th e  S I s e c o n d . T h is  ta lk  w ill p re se n t o u r re c e n t resu lts  a t N R C  e xa m in in g  a  s in g le  ion o f 88Sr+ he ld  in a  m in ia ­
tu re  P au l ty p e  e le c tro d y n a m ic  tra p  an d  la s e r  co o led  to  m K  k in e tic  te m p e ra tu re s . A  n e w  6 7 4  nm  (4 4 5 -T H z )  la s e r  s y s te m  fo r  p rob ing  th e  u ltra  n a rro w  5 s  2S ^  - 4 d  2D 5/2 re fe re n c e  
trans ition  (0 .4  H z  n a tu ra l linew id th ) h a s  b e e n  c o n stru cted  w h ich  p ro v id es  H z  leve l s tab ilities  o v e r  hour pe rio d s . L in e  w id th s  o f th e  re fe re n c e  trans ition  o f 5 0  ±  9  H z  h a v e  b e en  
o b s e rv e d . L inking th e  s ta b ilize d  p ro b e  la s e r  to  th e  N R C  op tical fre q u e n c y  c o m b  h a s  e n a b le d  us to  c oun t th e  c y c le s  o f rad ia tio n  a n d  c o m p a re  th e  s in g le  ion fre q u e n c y  re la tiv e  to  
th e  N R C  e n s e m b le  o f C s  a to m ic  c locks  an d  h yd ro g en  m a s e rs . R e c e n t resu lts  s h o w  th a t th e  a c c u ra c y  o f th e  p re se n t resu lts  a p p e a rs  to  be  p rim arily  lim ited  by th e  cu rren t re a liz a ­
tion  o f th e  S I s ec o n d  a t o u r lab o ra to ry  (2  χ 1 0 -14).

* This work is being supported by NRC, CIPI/ICIP.
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H igh  R e so lu tio n  L a s e r S p ec tro s c o p y  o f C C O  in th e  C -C  an d  C -O  S tre tch in g  R e g io n s *, N a s s e r  M o a z z e n -A h m a d i  a n d  Z .  A b u S a ra , The University of Calgary —  S p e c tro s c o p ic  
in fo rm ation  reg ard in g  th e  e n e rg e tic s  o f th e  e le c tro n ic  s ta te s  o f  C C O  is e s s e n tia l fo r  e s tab lish in g  th e  m ost like ly  re ac tio n  m e c h a n is m s  in c o m b u stio n , in te rs te lla r c lou ds, an d  p ho ­
to d is so c ia tio n  d y n a m ic s  o f carb o n  s u b o x id e . F o r e x a m p le , th e  pho to d iss o cia tio n  o f C 3O 2 (w ith  1Σ+ ground  e le c tro n ic  s ta te ) is still th e  su b jec t o f  c o n s id e ra b le  d e b a te . T h e  q u e s ­
tion  o f w h ich  e le c tro n ic  s ta te , X 3Σ- o r a 1A, th e  C C O  fra g m e n t w ill be  in a fte r  th e  d issoc ia tion  o f C 3O 2 still re m a in s  u n a n s w e re d . O v e r  th e  p ast fe w  y e a rs , s tu d ies  by o u r g roup  
h a v e  re su lte d  in th e  o b s erv a tio n  o f 10  v ib ra tio n a l b a n d s  o f C C O  in th e  C -C  a n d  C -O  s tre tch in g  fu n d a m e n ta l reg ion s. O v e r  1 0 0 0  tra n s itio n s  b e lo n g in g  to  e ig h t v ib ra tio n a l b a n d s  in 
th e  g round  e le c tro n ic  s ta te  an d  tw o  in th e  m e ta s ta b le  e le c tro n ic  s ta te  a 1Δ, h a v e  b e en  m e a s u re d . T h e  d a ta  w e re  a n a ly s e d  to  ob ta in  th e  m ost c o m p re h e n s iv e  s e t o f s p ec tro s co p ic  
p a ra m e te rs  fo r  th e  s tre tch ing  b a n d s  o f  C C O . B e c a u s e  th e  v ib a rtio n a l b a n d s  o f X 3Σ- an d  a 1Δ, o v erla p , it is possib le  to  ob ta in  tim e  re so lv ed  d a ta  on th e  s ing le t a n d  th e  trip let 
s p e c ie s  o f C C O  a n d  to  d e te rm in e  th e  e le c tro n ic  s ta te  o f  th e  C C O  fra g m e n t a fte r  th e  d issoc ia tion  o f  C 3O 2. In th is  ta lk , I w ill d iscuss  th e  a n a ly s is  o f th e  d a ta  a s  w e ll a s  s o m e  fu tu re  
direc tions .

* This work is being supported by NSERC.

1 2 h 3 0  S e s s io n  E n d s  I  F in  d e  la  s e s s io n
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[TU-A15]

(CASCA )

N e w s  f r o m  S p a c e  -  T h e  M O S T  S a t e l l i t e  /  Nouvelles de l'espace - Le 
satellite MOST

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

10h15 - 11h00

[  R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  C. R o b e r t,  U .L a v a l

T U -A 1 5 -1  1 0 h 1 5

J A Y M IE  M A T T H E W S , U n ivers ity  o f  British C o lu m b ia

S p ace  S c ience  in  a S u itca se : E a rly  R e su lts  fro m  M O S T

V ie w in g  th e  U n iv e rs e  in n e w  w a y s  h a s  a lw a y s  y ie ld e d  surpris ing  d isc o v erie s . A s tro n o m e rs  a re  a c c u s to m e d  to  e x ten d in g  th e  lim its o f w a v e le n g th  c o v e ra g e , ligh t-g a th e rin g  pow er, 
a n d  a n g u la r  reso lu tio n . T h e  M O S T  (M ic ro v aria b ility  &  O sc illa tio n s  o f S T a rs ) s p a c e  in s tru m en t -  an  op tica l p h o to m e te r  o f s m a ll (1 5 -c m ) a p e rtu re  w h ich  d e lib e ra te ly  b lurs its s te lla r  
im a g e s  fo r  stab ility  -  fo rg e s  its a d v a n c e s  in to tally  d iffe re n t re g io n s  o f p a ra m e te r  s p a c e . M O S T  is th e  on ly  ex is ting  o b s e rv a to ry  w h ich  c an  m o n ito r s ta rs  s e v e ra l t im e s  p e r m inu te  
w ith  a lm o s t no in te rrup tions  fo r w e e k s  a t a  tim e , re ac h in g  p h o to m etric  p rec is ion s  o f a  fe w  m ic ro m a g n itu d e s  (p p m ). T h is  is a t lea s t 2 5  tim e s  b e tte r  th a n  e v e r  a c h ie v e d  b e fo re  from  
E a rth  o r s p a c e . T h e s e  d e m o n s tra te d  lev e ls  o f  tim e  sam p lin g  a n d  u ltra p rec ise  p h o to m etry  e n a b le  th e  M O S T  S c ie n c e  te a m  to  e x p lo re  w ith  u n p re c e d e n te d  s ens itiv ity  a c o u s tic  (p - 
m o d e ) osc illa tion s  a n d  g ra n u la tio n  b e h a v io u r in o th e r  s ta rs , re flec te d  light fro m  g ian t c lo s e -in  e x o p la n e ts , a nd  o th e r p h e n o m e n a  a s s o c ia te d  w ith  s te lla r variab ility . I  w ill s u m m a ris e  
th e  first y e a r  o f  th e  M O S T  m iss ion , including resu lts  on S u n -lik e  s ta rs  s uch  a s  P rocyon  a n d  b e ta  V irg in is , a  “y o u n g ” c o u n te rp art to  th e  S u n  (k a p p a  1 C e ti) , ne w ly  d isc o v ere d  pul- 
s a to rs  c au g h t in th e  ne ts  o f M O S T ’s S e c o n d a ry  S c ie n c e  a nd  G u id e  S ta r  fie ld s , a nd  —  I e x p e c t, by th e  tim e  o f th is  m e e tin g  —  a  fe w  o th e r s u rp rises .

1 1 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A16]

(COMP-DMBP/ 
O CPM -D PM B  )

Y o u n g  I n v e s t i g a t o r s  i n  M e d i c a l  a n d  B i o l o g i c a l  P h y s i c s ,  P a r t  I I  /  

Jeunes chercheurs(ses) en physique médicale et biologique II
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
10h30 - 12h00

[ R o o m /S a l le  : A lb e r t  ] C h a ir :  J.P. B is s o n n e t te , P r in c e s s  M a rg a re t  H o s p ita l

T U -A 1 6 -1  1 0 h 3 0

A b s o lu te  V o lu m e  E s tim a tio n  fro m  3 D  H y p e rp o la r iz e d  X e n o n  Im a g e s : a  M o n te  C a rlo  a n d  P h a n to m  S tu d v * . .S te v e n  W h i t e 1, A . C ro s s  2 an d  G . S a n t y r 1, 1 C a rle ton  U n ive rs ity  and  
2 U n ivers ity  o f L e th b rid g e  —  T h e  d e v e lo p m e n t o f h y p e rp o la r iz e d  3H e  a nd  129X e  h a s  m a d e  it fe a s ib le  to  im a g e  g a s  s p a c e s  in th e  body a s  w ell a s  p ro v id e  fu n c tio n a l lung in fo rm a ­
tion  using n u c le a r  m a g n e tic  re s o n a n c e  im ag in g  (M R I)  s y s te m s . T h e  p u rp o s e  o f  th is  s tudy w a s  to  a sc erta in  th e  feas ib ility  o f m e as u rin g  g a s  v o lu m e s  w ith  fa s t 3 D  im ag ing  o f h y p e r­
p o la rize d  x e n o n  (H -X e )  g a s . V o x e l in ten sities  in M R I a re  usually  e s t im a te d  by c a lc u la tin g  th e  m a g n itu d e  o f th e  re a l an d  im ag in a ry  c o m p o n e n ts  in a  3 D  d a ta  s e t. E a c h  c o m p o n e n t  
is d e g ra d e d  by G a u s s ia n  d is trib u ted  n o ise , a n d  a s  a  resu lt o f th e  n o n -lin e a r  s q u a re -ro o t o p e ra tio n , th e  in tensity  no is e  is R ic e -d is trib u te d . W h ile  m ost s e g m e n ta tio n  a n a ly s is  
a tte m p ts  to  d istingu ish  b e tw e e n  tw o  s ig n a ls  a t high s ig n a l-to -n o is e  ra tios  (S N R )  using G a u s s ia n  s ta tistics , in g a s  s p a c e  im ag in g  th e  a n a ly s is  m ust d istingu ish  b e tw e e n  back g ro u n d  
no is e  an d  th e  129X e  s ig n al. A s  such  H -X e  im a g e s  h a v e  a  c o n tin u u m  o f S N R  rang in g  fro m  z e ro  to  th e  S N R  o f filled  v o x e ls , requ iring  c o n s id e ra tio n  o f th e  R ic e  d istribution . 
N u m e ric a l m e th o d s  h a v e  b e e n  d e v e lo p e d  to  e s t im a te  M R I s ig n a l in ten sities  b a se d  on th e  e x p e c ta tio n  c u rve  fo r  a  R ic e  d istribution a t th e  a p p ro p ria te  S N R . M o n te  C a rlo  s im u la ­
tio n s  an d  in  v itro  p h a n to m  w o rk  s h o w  th a t in im a g e s  w ith  little o r no  partia l v o lu m e  e ffe c ts , th e  c o n ve n tio n a l m a g n itu d e  an d  R ic ia n  e s tim a to rs  y ie ld  e q u iv a le n t resu lts . H o w e v e r, in 
im a g e s  d o m in a te d  by p artia lly  filled  v o x e ls  th e  c o n ve n tio n a l e s t im a to r u n d e r-e s t im a te s  low  S N R  v o xe ls , a n d  s u b se q u e n tly , g a s  v o lu m e , w h ile  th e  R ic ian  e s t im a to r y ie ld s  s ign ifi­
can tly  m o re  a c c u ra te  results .

*  T h is  w o rk  is be in g  s u p p o rte d  by N S E R C .

T U -A 1 6 -2  1 0 h 4 5

D o p p le r  O p tic a l C o h e re n c e  T o m o g ra p h y  fo r M o n ito rin g  A n t i-C a n c e r  T h e ra p ie s *, M a g g ie  L . G o r d o n  1, V ic to r X .D .  Y a n g  1, B rian  C . W ils o n  1·2·3·4 , I. A le x  V itk in  1·2·3·, 1 U n ive rs ity  o f  
Toronto, 2 O nta rio  C a n c e r In s titu te  /  P rin ce ss  M a rg a re t H osp ita l, 3 U n ive rs ity  H e a lth  N e tw o rk , 4 P h o to n ics  R e se a rch  O n ta rio  —  D o p p le r  op tica l c o h e re n c e  to m o g ra p h y  (D O C T )  is 
a  n o v e l im ag in g  te c h n iq u e  th a t p e rm its  h ig h -reso lu tio n  s tru c tu ra l a n d  fu n c tio n a l im ag ing  in in tact tis su e s . D O C T  is an  op tica l a n a lo g  to  D o p p le r  u ltrasoun d  im ag in g , a  fa m ilia r  c lin i­
c a l too l. W e  h a v e  c o n stru cted  a  D O C T  s y s te m  th a t is c a p a b le  o f h ig h -reso lu tio n  (~  15  um ) s truc tu ra l im ag ing  to  d e p th s  o f  a b o u t 2  m m  in tis su e s . S u b s u rfa c e  b lood flo w  d e te c ­
tion  h a s  both h igh s ens itiv ity  (a s  s lo w  a s  3 0  u m /s ) a n d  w id e  d y n a m ic  ra n g e  (u p  to  10  c m /s ). O u r  s y s te m  h a s  b e en  u sed  in a  v a r ie ty  o f b io m ed ic a l an d  c lin ical co n te x ts , including  
ta d p o le  c a rd ia c  im ag in g  a nd  in v ivo  h u m a n  g a s tro in tes tin a l im ag in g  during  e n d o sc o p y . In add ition  to  d iag n o stic s , n o n -in v a s iv e  D O C T , w ith  its h igh sp atia l reso lu tion , high b lood  
flo w  sensitivity , low  cost, an d  c o n v e n ie n c e , is a  prom ising  te c h n o lo g y  fo r  in  v ivo  m on ito ring  o f tre a tm e n ts  o f  all k inds. O u r  g ro u p  h a s  looked a t th e  s u b s u rfa c e  m icros truc tu ra l 
c h a n g e s  c a u s e d  by a  c u ta n e o u s  ly m p h o m a  an d  its re s p o n s e  to  e le c tro n  rad ia tion  th e ra p y . W ith  th e  re a liza tio n  th a t a n g io g e n e s is  is a  critical fa c to r  in c a n c e r  p ro gress ion  an d  w ith  
th e  in creas in g  c lin ical e m p h a s is  on a n ti-a n g io g e n ic  tre a tm e n ts , D O C T  m a y  p ro v e  to  b e  an  im p o rtan t d iag n o stic  a n d  /  o r tre a tm e n t m on ito ring  too l in oncology. W e  h a v e  u sed  
D O C T  to  im a g e  th e  b lood flo w  in c a n c e ro u s  an d  n o rm a l tis s u e s  b e fo re , during , an d  a fte r  p h o to d yn a m ic  th e ra p y  a nd  a n ti-v a s c u la r  c h e m o th e ra p y . It is fe a s ib le  to  u s e  D O C T  to  
m o n ito r s tru c tu ra l a n d  fu n c tio n a l c h a n g e s  during  tre a tm e n ts  a n d  in th e  fu tu re , D O C T  m a y  e n a b le  re a l-t im e  d iag n o s is  a n d  tre a tm e n t a d ju s tm e n ts

* This work is being supported by NSERC, CIHR, NCIC, CFI, PRO.
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S c a tte r  Ta ils  in C T  S in g le  S c a n  D o s e  P ro files  M e a s u re d  w ith  a  D ia m o n d  D e te c to r , K e ith  N a k o n e c h n y , B .G . F a llo n e  a n d  S . R a th e e , C ross C a n c e r Ins titu te , U n ive rs ity  o f  A lb e rta  
—  C o m p u te d  to m o g ra p h y  d o s e  index  (C T D I)  c o n ve n tio n a lly  s p ec ifies  th e  p a tien t d o s e  in C T  s tu d ies . It is m e a s u re d  a s  th e  in tegratio n  o f th e  long itud ina l s in g le  s ca n  d o s e  profile  
(S S D P )  by using a  1 0  c m  long pencil ion izatio n  c h a m b e r. T h e  a ss u m p tio n  th a t m ost o f  th e  S S D P  is c o n ta in ed  w ith in  th e  c h a m b e r  leng th  m a y  not be  valid  e v e n  fo r thin s lices . 
T h is  a ss u m p tio n  is b a s e d  on S S D P s  m e a s u re d  using T L D s  in cylindrica l p h a n to m s  o f 15  cm  leng th . In th is  w o rk  w e  in tro d u c e  a  n e w  m e th o d  o f ob ta in in g  th e  S S D P . T h e  S S D P s  
fo r  tw o  C T  s c a n n e rs  w e re  m e a s u re d  using a  d iam o n d  d e te c to r  (P T W  T y p e  6 0 0 0 3 )  in a  3 0  cm  long C IR S  p h a n to m  fo r s e v e ra l s lice  w id ths . T h e  s h a p e  o f o n e  S S D P  w a s  verified  
using  a  p in -po in t ion (P T W  T y p e  3 1 0 0 6 )  c h a m b e r  an d  L iF  T L D s . N u m e ric  in tegratio n  an d  convo lu tio n  m e th o d s  w e re  th e n  a p p lie d  to  th e  S S D P s  m e a s u re d  w ith  th e  d iam o n d  
d e te c to r  to  pred ic t th e  re la tiv e  a c c u m u la te d  d o s e . T h e  in te g ra ls  o v e r 2 5  c m  leng th  o f  th e  S S D P s , m e a s u re d  a lo n g  th e  p h a n to m  (ro ta tio n a l) ax is , w e re  a p p ro x im a te ly  2 5 -3 0 %  
h ig h e r th a n  th e  in te g ra ls  o v e r  10  cm  leng th  fo r a lm o s t a ll s lice  w id th s  on  both s c a n n e rs . T h is  d iffe re n c e  w a s  up  to  2 2 %  fo r  o ff-a x is  points. D o s e  eq u ilib riu m  a lo n g  th e  p h a n to m  
a x is  w a s  on ly  a c h ie v e d  fo r sca n  len g th s  > 3 5  c m , s u g g es tin g  th e  n e e d  fo r  lo n g e r p h a n to m s  a n d  n e w  m e as u rin g  te c h n iq u e s  to  a c c o u n t fo r th e  n o n -n eg lig ib le  d o s e  in th e  e x te n d e d  
s c a tte r  ta ils  o f th e  profiles.

T U -A 1 6 -4  1 1 h 1 5

D e v e lo p m e n t o f N o v e l M u lti-F o c u s  A c o u s tic  L e n s  T ra n s d u c e r S y s te m s  fo r U ltra so u n d  T h e rm a l T h e ra p y , X ia  W u  1, A rth u r E . W o rth in g to n  1, John  W . H u n t1, M ic h a e l A .S . J e w e t t2 
a n d  M ic h a e l D . S h e r a r1,3,4, 1 D e p a rtm e n t o f  M e d ic a l B iophys ics ,  2 D e p a rtm e n t S u rg e ry  (U ro lo g y ) a n d  U ro O n c o lo g y  P ro g ra m , 3D e p a rtm e n t R a d ia tio n  O n co lo g y, U n iv ers ity  o f 
Toron to , 4 D iv is ion  o f M e d ic a l P h ys ics , O n ta r io  C a n c e r  Institu te  a n d  P rin c e s s  M a rg a re t  H o s p ita l —  U ltra so u n d  th e rm a l th e ra p y  is a  p rom is ing  te c h n iq u e  fo r n o n in v as ive  tre a tm e n t  
o f solid tu m o u rs . F o c u se d  u ltrasoun d  b e a m s  a re  d e liv e re d  by an  e x te rn a l a p p lic a to r  to  th e  ta rg e t s ite  th roug h  ov erly in g  tis su e  lay e rs . T h e rm a l les io n s  a re  c re a te d  in th e  ta rg e t  
d u e  to  th e  e n e rg y  d e p o s ite d . T h e  feas ib ility  an d  s a fe ty  o f th is  tre a tm e n t m oda lity  h a v e  b e e n  in ve s tig a ted  in b re as t, liver, k idney, b la d d e r an d  p ro s ta te . T h e  d ra w b a c k  w ith  c o n v e n ­
tio n a l th e ra p e u tic  u ltrasoun d  a p p lic a to rs  is th a t tre a tm e n t tim e s  a re  e x c e s s iv e ly  long , b e c a u s e  on ly  s m all th e rm a l les io n s  a re  c re a te d  by th e s e  s y s te m s . S c a n n in g  is th e re fo re  
re q u ire d  to  c o v e r  th e  e n tire  tu m o u r v o lu m e . T h e  tre a tm e n t t im e , h o w e ve r, c an  be  s h o rte n e d  if novel m u lti-fo cu s  a p p lic a to rs , s uch  a s  p h a se d  a rra y s  o r len s  tra n s d u c e r s y s te m s, 
a re  a d o p te d  b e c a u s e  th e s e  a p p lic a to rs  p ro d u c e  s ign ifican tly  la rg e r  th e rm a l les ions. T h e  len s  s y s te m  is an  a ttra c tiv e  a p p ro a c h  b e c a u s e  it is in e x p e n s iv e  a nd  s im p le  to  m a n u fa c ­
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tu re . W e  d e s ig n e d  an d  built a  p ro to typ e  o f 9 -fo c u s  len s  tra n s d u c e r s y s te m . U sing  th is  p ro to typ e  s ys te m , w e  c re a te d  la rg e  th e rm a l les ions  in fre sh ly  e x c is e d  p orc in e  k id n ey  tissu e . 
S in c e  ov erly in g  tis su e  la y e rs  cou ld  p o ten tia lly  d e g ra d e  th e  inc iden t b e a m s , p re ve n tin g  th e  fo rm a tio n  o f th e  m u lti-fo cus  fie ld , w e  p e rfo rm ed  e x p e rim e n ts  an d  c o m p u te r  s im u la tio n s  
to  in ve s tig a te  th is  e ffe c t. R e s u lts  s h o w e d  th a t th e  m u lti-fo cu s  fie ld  su ffe red  neg lig ib le  c h a n g e s  a fte r  tra ve lin g  th roug h  re p re s e n ta t iv e  p orc in e  tis su e  la y e rs  (s k in -fa t-m u s c le -fa t-m u s ­
c le ). T h is  w o rk  in d ica te s  th a t th e  n o v e l m u lti-fo cus  len s  tra n s d u c e r s y s te m  m a y  be  a  usefu l too l fo r  u ltrasoun d  th e rm a l th e ra p y .
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H igh  F re q u e n c y  U ltra so u n d  M o n ito rin g  o f S tru c tu ra l C h a n g e s  in C e lls  a nd  T is s u e s , A .S .  T u n is  12, G J .  C z a r n o ta 3,4 A . G i le s 2, M .D . S h e r a r2,3, J .W . H u n t1,2, a n d  M .C . K o lio s 1,4,
1 D e p a rtm e n t o f  M e d ic a l B iophys ics , U n ive rs ity  o f  Toronto; 2 O nta rio  C a n c e r Ins titu te , U n ive rs ity  H e a lth  N e tw o rk ;  3 D e p a rtm e n t o f  R a d ia tio n  O ncology, U n ive rs ity  o f  Toronto;
4 D e p a rtm e n t o f  M a th em a tics , P h ys ics  a n d  C o m p u te r S c ience , R ye rso n  U n iv e rs ity  —  To m o n ito r cell s truc tu re  c h a n g e s  in v itro  a n d  in v ivo, w e  in ve s tig a te  th e  u s e  o f  probability  
d e n s ity  func tion  fits to  h is to g ram s  o f  th e  high fre q u e n c y  u ltrasoun d  (H F U S )  b a c k s c a tte r  s ig n a l e n v e lo p e . To e v a lu a te  th e  te c h n iq u e  in v itro  w e  first e x a m in e  cell pe lle ts  fo rm e d  
w ith  a  m ix tu re  o f a c u te  m y e lo id  leu k e m ia  c e lls  tre a te d  w ith  c is p la tin u m  (a  c h e m o th e ra p y  d ru g ) a n d  u n tre a te d  ce lls . P e lle ts  w e r e  fo rm e d  w ith  c o n c e n tra tio n s  o f 0 %  to  1 0 0 %  tre a te d  
c ells; fo llow ing  d a ta  acqu is ition  pe lle ts  w e re  fixed  fo r  h isto logy. To e v a lu a te  th e  te c h n iq u e  in v ivo  w e  e x a m in e  n o n -H o d g k in ’s  L y m p h o m a  tu m o u rs  im p lan ted  in m ice  an d  m on ito r  
th e  re s p o n s e  to  c h e m o th e ra p y  up to  9 6  hours . F o llow ing  d a ta  acq u is itio n , a n im a ls  w e re  sac rifice d  a n d  tis su e  ta k e n  fo r histo logy. Im a g e s  a n d  ra d io  fre q u e n c y  (R F ) d a ta  w e re  c o l­
lec te d  fro m  1 0 0  in d e p e n d e n t lo ca tio n s  w ith in  th e  ce ll p e lle t an d  th e  tu m o u r tis su e  using a  H F U S  im ag in g  d e v ic e  (V is u a lS o n ic s  V S -4 0 B )  w ith  a  2 0 M H z  f# 2 .3 5  tra n s d u ce r.
S im u la te d  R F  d a ta  w a s  g e n e ra te d  to  m o d e l th e  p e lle t d a ta . T h e  e n v e lo p e  o f th e  R F  d a ta  w a s  c o m p u te d  using  th e  H ilb ert tra n s fo rm  m e th o d ; a n d  th e  R a y le ig h  an d  g e n e ra liz e d  
g a m m a  (G G ) p robab ility  d e n s ity  fu n c tio n s  w e r e  fit to  th e  d a ta  using th e  m a x im u m  like lihood m e th o d , w ith  g o o d n e s s  o f fit e v a lu a te d  by th e  K o lm o g o ro v -S m irn o v  te s t. R e su lts  ind i­
c a te  th a t th e  G G  fit p a ra m e te rs  a re  s e n s itiv e  to  th e  c h a n g e s  th a t o c c u r to  cell s tru c tu re  during  cell d e a th . T h e  c h a n g e s  to  th e  fit p a ra m e te rs  a re  in a g re e m e n t w ith  th e o re tic a l p re ­
d ic tions  a n d  re sp o n d  to  c h a n g e s  in cell s truc tu re  both in v itro  a n d  in v ivo . F u rth e r  d e v e lo p m e n t o f th e  s im u la tio n s  w ill p ro v id e  insight into th e  orig in  o f th e  c h a n g e s  to  th e  s ta tistics .
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T h re e  D im e n s io n a l U ltra so u n d  an d  S te re o ta c tic  M a m m o g ra p h y  G u id e d  B iopsv:a  D u a l M o d a lity  S y s te m *, K a th le e n  J .M . S u r r y ,  G re g  R . M ills , D o n a l B . D o w n e y , A a ro n  Fe n ste r, 
Im a g in g  R e se a rch  Labora to ry , R o b a rts  R e sea rch  In s titu te  —  A  th re e -d im e n s io n a l u ltra so u n d -g u id e d  b iopsy s y s te m  w a s  d e v e lo p e d  to  be  in te g ra ted  w ith , a n d  to  s u p p le m e n t  
s te re o ta c tic  m a m m o g ra p h y  (S M ) im ag in g . O u r g o a l is to  b e  a b le  to  b iopsy a  la rg e r  p e rc e n ta g e  o f s u sp ic io u s  m a s s e s  using u ltrasoun d  (U S ) , by c larify ing  a m b ig u o u s  s truc tu res  
w ith  m a m m o g ra p h ic  im ag in g . F e a tu re s  fro m  S M  a nd  U S  gu id e d  b iopsy w e re  c o m b in e d , includ ing  b re as t s ta b iliza tio n , a  con fin e d  n e e d le  tra jec to ry  a nd  d u a l m oda lity  im ag ing .
T h e  3 D  U S  gu id e d  b iopsy s y s te m  w a s  d e s ig n e d  to  be  m o u n te d  on an  uprigh t m a m m o g ra p h y  m a c h in e  fo r p re -p ro c e d u ra l S M  im ag in g . In tra -p ro c e d u ra l ta rg e tin g  a n d  g u id a n c e  
w a s  a c h ie v e d  by re a l-t im e  2 D  an d  n e a r  re a l-t im e  3 D  U S  im ag in g . P o s t-b io p s y  3 D  U S  im ag in g  a llo w e d  fo r  co n firm atio n  th a t th e  n e e d le  w a s  p e n etra tin g  th e  ta rg e t. W e  e v a lu a te d  
th e  u ltrasoun d  gu id e d  b iopsy a c c u ra c y  o f o u r s y s te m  using  b re as t p h a n to m s . O u r  s y s te m  w a s  c a p a b le  o f p lac ing  th e  n e e d le  tip w ith  0 .8 5  m m  a c c u ra c y  a t a  ta rg e t iden tified  in 
th e  3 D  im a g e . W e  a ls o  s h o w ed  th a t 3 .2  m m  d ia m e te r  les ions  cou ld  be  b iops ied  w ith  a  9 6 %  s u cc e ss  ra te , in  v itro . In o rd e r to  u s e  m a m m o g ra p h ic  im ag in g  in fo rm ation , w e  re g is ­
te re d  th e  S M  a nd  3 D  U S  c o o rd in a te  s y s te m s . T h e  3 D  pos itions  o f ta rg e ts  iden tified  in th e  S M  pro jec tion  im a g e s  w e r e  d e te rm in e d  w ith  a  ta rg e t loca lisa tion  e rro r  o f 0 .4 9  m m . S M  
im ag in g  w a s  th e n  re g is te red  to  3 D  U S , w ith  a  ta rg e t reg is tra tion  e rro r o f 0 .9 8  m m . A s  an  a d ju n ct to  s te re o ta c tic  m a m m o g ra p h y , th is  3 D  U S  gu id e d  b iopsy s y s te m  p ro v id es  m o re  
c o m p le te  im ag ing  in fo rm ation  fo r ta rg e t iden tifica tion  a s  w e ll a s  re a l-t im e  m on ito ring  o f n e e d le  insertion  an d  b iopsy su cc e ss .

* This work is being supported by CIHR Doctoral Fellowship.
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[TU-A17] C A S C A - R A S  J . S .  P l a s k e t t  M e d a l  L e c t u r e  /

(CASCA) Conférence de la Médaille J.S. Plaskett de CASCA-SRA
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
11h00 - 11h45

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  R . T a y lo r , U .C a lg a ry

T U -A 1 7 -1  1 1 h 0 0

J O -A N N E  C . B R O W N , U n ivers ity  o f C a lg a ry  

The M a g n e tic  F ie ld  in th e  O u te r G a la x y

O b s e rv a tio n s  o f s ynchro tron  rad ia tion  d e m o n s tra te  th a t g a la x ie s  h a v e  m a g n e tic  fie ld s . O u r  ow n  G a la x y  is no e xc e p tio n . T h e  G a la c t ic  m a g n e tic  fie ld  is th o u g h t to  p lay  a  ro le  in 
both m a tte r  a nd  c o sm ic  ray c o n fin e m e n t, a n d  h e n c e  in ov era ll p re ss u re  b a la n c e . It is not know n  how  th e  m a g n e tic  fie ld  o f  o u r G a la x y  is g e n e ra te d , nor w h a t its o v era ll s truc tu re  
is. D e te rm in in g  th e  la rg e  s c a le  s tru c tu re  w o u ld  h e lp  iden tify  th e  orig in  o f th e  fie ld . M a g n e tic  fie ld  re v e rs a ls  (re g io n s  o f m a g n e tic  s h e a r  a cro s s  w h ich  th e  fie ld  d irec tion  c h a n g e s  by  
1 8 0  d e g re e s ) p rov id e  im p o rta n t c lu e s  a b o u t th is  la rg e  s c a le  s tru c tu re . S u p e rp o s e d  on th e  la rg e  s c a le  m a g n e tic  fie ld  a re  s m a lle r  s c a le  flu c tu a tio n s  (on  th e  o rd e r o f  5 0  p a rse cs )  
re la te d  to  loca lised  m o tio n s  in th e  in te rs te lla r m e d iu m  ( IS M ). In  m a g n e to h y d ro d y n a m ic  (M H D ) m o d e ls  o f  th e  IS M , th e  a ss u m p tio n  is u su ally  m a d e  th a t th e s e  sm all s c a le  flu c tu a ­
tio n s  a re  isotrop ic  w ith  re s p e c t to  th e  la rg e  s c a le  fie ld . T h e  p o la risation  a n g le  o f linearly  po la ris ed  rad ia tio n  ro ta te s  in a  p re d ic ta b le  w a y  a s  it p ro p a g a te s  th ro u g h  a  m a g n e tiz e d  
p la s m a . T h e  p ro c es s , know n  a s  F a ra d a y  ro ta tion , is c h a ra c te r iz e d  by th e  m e a s u ra b le  q u a n tity  o f rotation m e a s u re  (R M ), w h ich  is d e te rm in e d  a s  th e  s lo p e  o f th e  g ra p h  o f po la ri­
satio n  a n g le  v e rs u s  th e  s q u a re  o f th e  w a v e le n g th . By m e as u rin g  th e  R M  o f po la ris ed  c o m p a c t s o u rce s  (p u ls ars , e x te rn a l g a la x ie s , a n d  q u a s a rs ), w e  a re  e s s en tia lly  prob ing  th e  
m a g n e tic  fie ld  a lo n g  th e ir  lines -o f-s igh t; th e  m o re  p ro b e s  th e re  a re , th e  e a s ie r  it is to  reco n stru c t th e  in te rven in g  fie ld . A s  part o f m y th e s is  w o rk , I c a lc u la te d  th e  rotation m e a s u re  
fo r  3 8 0  e x tra g a la c tic  s o u rc e s  in th e  C a n a d ia n  G a la c t ic  P la n e  S u rv e y  (C G P S ; 1 4 5  > l > 7 5 , -3 .5  < b < 5 .5 ) ,  using  th e  21 cm  p o la risation  d a ta  fro m  th e  s yn th es is  a rra y  a t th e  
D o m in io n  R a d io  A s tro p h y s ic a l O b s e rv a to ry  (D R A O ). T h e s e  s o u rc e s  h a v e  a n  a v e ra g e  solid  a n g le  de n s ity  o f  a b o u t 1 s o u rce  p e r  s q u a re  d e g re e  - m o re  th a n  10  tim e s  g re a te r  th a n  
a n y  p re v io u s  s u rve y  in th e  G a la c t ic  p lan e . U s ing  th e s e  d a ta , th e  p rim ary  g o a ls  o f m y th e s is  re s e a rc h  w e r e  to  iden tify  re v e rs a ls  in th e  o u te r  G a la x y  (a t g a la c to c e n tric  radii g re a te r  
th a n  th a t o f th e  S u n ), an d  to  te s t th e  a ss u m p tio n  o f iso tropy in th e  sm all s c a le  fie ld . In m y ta lk  I w ill re v ie w  m y P h D  w o rk , w ith  a  s p ec ific  fo c u s  on th e  q u e s tio n s  I a d d re s s e d , th e ir  
s ig n ific a n ce , an d  th e  c o n c lu s io n s  I w a s  a b le  to  re a c h . I w ill e n d  w ith  an  ou tlin e  o f m y m o re  re ce n t w o rk  w h ich  bu ilds  on  m y P h D  s tu d ies , by e xp lo ring  th e  m a g n e tic  fie ld  in o th e r  
parts  o f th e  G a la x y .

1 1 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A18] I m a g i n g  i n  t h e  S u b m i l l i m e t r e  W i n d o w  -  c o n t r i b u t e d  /

(CASCA) Imagerie dans la fenêtre sous-millimétrique - contribuées
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
11h45 - 12h30

[  R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  P. M a rt in ,  U .T o ro n to
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C o ld  H y d ro g e n  C lo u d s  in th e  M ilky  W a y : A n  E vo lu tio n ary  M is s in g  L in k?, R u s s  T a y lo r1, S .J . G ib s o n1 an d  S .T . S tra s s e r2, 1U n ive rs ity  o f  C a lg a ry  a nd  2U n iv ers ity  o f  M in n e s o ta  —  
T h e  high a n g u la r  reso lu tion  o f th e  In te rn a tio n a l C a n a d ia n  G a la c t ic  P la n e  S u rv e y  h a s  re v e a le d  a  w id e -s p re a d , cold  a to m ic  h y d ro g en  c o m p o n e n t o f  th e  in te rs te lla r m e d iu m  in th e  
fo rm  o f d a rk  s e lf-ab s o rp tio n  c loud c o m p le x e s . T h e s e  c lo u d s  re s e m b le  m o le c u la r  c lou d  c o m p le x e s  in s tru c tu re  a n d  tra c e  th e  sp ira l a rm  s truc tu re  o f  th e  G a la x y . W h ile  th e y  occupy  
a n  l ,b ,v  s p a c e  s im ila r to  th a t o f  C O  c lo u d s , th e re  is no strict co rre la tio n  b e tw e e n  cold  a to m ic  h yd ro g en  c lo u d s  an d  C O  em itting  g a s . N e v e rth e le s s , c o n tin u u m  ab so rp tio n  s tud ies  
s h o w  th a t s o m e  o f th e  cold  a to m ic  hy d ro g en  c lou ds  h a v e  te m p e ra tu re s  a s  low  a s  1 5 - 2 0  K  -  s im ila r to  d e n s e  m o le c u la r  c lo u d s . W e  e x a m in e  th e  h y p o th e s is  th a t co ld  a to m ic  
h yd ro g en  re v e a le d  by th e s e  o b s erv a tio n s  re p re s e n ts  a  p h a s e  in th e  e vo lu tion  o f  th e  IS M  m ark ing  th e  tra n s fo rm atio n  o f w a rm  d iffu se  a to m ic  hy d ro g en  g a s  to  m o le c u la r  c lou ds, 
p e rh a p s  tr ig g e red  by c o m p res s io n  fro m  th e  p a s s a g e  o f sp ira l a rm  density  w a v e s .
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Résumés des sessions orales

T U -A 1 8 -2  1 2 h 0 0

A  S u b m m  S u rv e y  o f H ia h -R e d s h ift  C lu s te rs : A  s u b m m  B u tc h e r-O e m le r  E ffe c t? * , T r a c y  W e b b 1, H . Y e e  2 , H . H o e k s tra  2 an d  M . G la d d e rs  3 , 1 L e iden  O bse rva to ry ;  2 U n iv ers ity  o f 
Toronto  an d  3 C a rn e g ie  O b s e rv a to r ie s  —  W e  p re se n t th e  first resu lts  o f a  s u b m m  s u rve y  d e s ig n e d  to  in v e s tig a te  s ta r-fo rm a tio n  in h ig h -re d s h ift c lus te rs . R e ce n tly , an  e x c e s s  o f 
s u b m m -lu m in o u s  g a la x ie s  (S M G s ) in h ig h -re d s h ift c lu s te r fie ld s  h a s  b e e n  re p o rte d . If re a l, th is  e x c e s s  c an  be  a ttr ib u te d  to  an  e x c e p tio n a lly  h igh lens ing  c ro ss -s ec tio n  fo r a  s u b se t 
o f h ig h -re d s h ift c lus te rs , o r a s  an  in c re a s e  in th e  n u m b e r o f dusty  s ta r-fo rm in g  g a la x ie s  in c lu s te rs  a t h ig h e r redsh ift. T h is  s ec o n d  s c e n a rio  is e s s en tia lly  a  s u b m m  B u tc h e r-O e m le r  
e ffe c t, p e rh a p s  d u e  to  a cc re tio n  o f fie ld  g a la x ie s , o r m a jo r  c lu s te r  m e rg e rs . To v erify  th e  e x c e s s  o f S M G s  a n d  an d  to  d iffe re n ta te  b e tw e e n  th e  tw o  s ce n a rio s , w e  h a v e  b e g u n  a  
s u b m m  su rve y  using S C U B A  a t J C M T  o f a  s a m p le  o f 0 .6  < z  < 1.1 c lu s te rs  d ra w n  fro m  th e  R e d -S e q u e n c e  C lu s te r  su rvey. W e  h a v e  s e le c te d  c lu s te rs  w h ich  s h o w  m u ltip le  strong  
op tica l a rcs , an d  a  contro l s a m p le  o f e q u a lly  rich c lu s te rs  w h ich  do  not exh ib it s trong lens ing . W e  w ill d isc u s s  th e  p re lim in a ry  resu lts  an d  im p lic a tio n s  o f  th e  survey , b a se d  on  th e  
first h a lf o f th e  s a m p le .

* This work is being supported by Leiden Observatory.
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S u b -M illim e tre  S c ie n c e  W ith  th e  N e w  G e n e ra tio n  o f  T o ta l-P o w er. C C D -S tv le  B o lo m e te r  A rra y s . C o lin  B o ry s , C a lifo rn ia  In s titu te  o f  Tech no lo gy  —  T h e  d e v e lo p m e n t o f  c lo s e -  
p a c k e d  b o lo m e tric  a rra y s  w a s  re sp o n s ib le  fo r a  re n a is s a n c e  in s u b -m illim e tre  a s tro n o m y. H ig h ly  s u cc e ss fu l im ag in g  c a m p a ig n s  using th e  S C U B A  a nd  M A M B O  c a m e ra s  h a v e  d is ­
c o v e re d  a  co sm o lo g ic a lly  s ign ifican t pop u la tio n  o f dus t e n s h ro u d e d  g a la x ie s  th a t co n trib u te  a s  m uch  to  th e  e n e rg y  d e n s ity  o f th e  U n iv e rs e  a s  op tica l light. W ith in  o u r ow n  ga laxy , 
s u b -m m  s u rve ys  re v e a l s ites  o f v ig o ro u s  s ta r-fo rm a tio n  th a t a re  p ractica lly  invis ib le  o th e rw is e . T h e  n ext s te p  in d e te c to r  d e v e lo p m e n t fo llo w s  a  c o m m o n  th e m e  in a stro n o m y: 
la rg e  fo rm a t c a m e ra s  w ith  a  w id e  fie ld  o f v ie w  a n d  in cre a se d  d e te c to r  sensitiv ity . H o w e v e r  un like  m ost op tica l C C D s , th e  n e w  g e n e ra tio n  o f  s u b -m m  c a m e ra s  a ls o  h a v e  to  c o n ­
te n d  w ith  a  p a ra d ig m  shift in d a ta  reduction  a p p ro a c h e s  in add ition  to  n e w  d e te c to r  te c h n o lo g ie s . H e re  I report on th e  tria ls  a n d  tr iu m p h s  w ith  th e  first facility, to ta l-p o w e r  C C D  
s ty le  s u b -m m  c a m e ra : S H A R C -I I.  C o m m is s io n e d  a t th e  C a lte c h  S u b m illim e te r  O b s e rv a to ry  in 2 0 0 3 , S H A R C -I I  n o w  rou tine ly  d e te c ts  o b je c ts  both a t high redsh ift an d  locally. T h e  
d a ta  acqu is ition  a n d  im a g e  re duction  a p p ro a c h e s  a re  s im ila r to  w h a t w ill be  re q u ire d  fo r th e  n ext lea p  in C C D -s ty le  s u b -m m  c a m e ra s : S C U B A -2 . C a n a d a  p lays  a  s trong ro le  in 
d e ve lo p in g  th is  in stru m en t, a nd  fo r  goo d  re as o n : w ith  its u n p re c e d e n te d  fie ld  o f v ie w  a n d  m ap p in g  s p e e d , S C U B A 2  w ill d ra m a tic a lly  im p ro ve  o u r u n d e rs tan d in g  o f th e  s u b -m m  
U n iv e rs e .

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-A19]

(CASCA)

ALMA Information Session / Session d'information sur l'ALMA TUESDAY, JUNE 15 
MARDI, 15 JUIN 

12h30 - 13h30

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  C. W ils o n , M c M a s te r  U.

[TU-P1]

(COMP-DMBP/
O CPM -D PM B)

Radiobiology and Tissue Characterization / 
Biologie radiologique et caractérisation des tissus

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

13h15 - 14h15

[ R o o m /S a l le  : A lb e r t  ] C h a ir :  D .E . W ilk in s , O tta w a  R e g io n a l C a n c e r  C e n tre

T U -P 1 -1  1 3 h 1 5

P a ra m e te r  C o rre la tio n  fo r a  Fu lly  H e te ro g e n e o u s  T u m o u r C o n tro l M o d e l, M a r c o  C a r lo n e ,  D a v id  W ilk in s , B a la z s  Nyiri a nd  G . P e te r  R a a p h o rs t , O ttaw a R e g io n a l C a n c e r C e n tre  
—  T h e re  h a s  b e e n  c o n s id e ra b le  in te res t la te ly  in using  clin ically  m e a s u re d  tu m o u r con tro l d a ta  to  e s t im a te  ra d iob io log ica l p a ra m e te rs  fo r th e  lin e a r  q u a d ra tic  m o d e l. It is likely  
th a t th is  p ra c tic e  w ill b e c o m e  m o re  im p o rtan t in th e  fu tu re  s in c e  th e re  is in creas in g  in te res t in b io log ica lly  b a se d  tre a tm e n t p lan n in g  fo r ra d io th era p y . In a  p re v io u s  pub lica tion  
(C a r lo n e  e t a l, M ed. P hys. 3 0 , pp . 2 8 3 2 -2 8 4 8 ) ,  w e  in troduced  a  sca lin g  th e o ry  to  s im plify  a  tu m o u r contro l m ode l th a t in c lu d e s  a  h e te ro g e n e o u s  d istribution  o f rad iosensitiv ity .
T h is  sca lin g  th e o ry  is fu rth e r  d e v e lo p e d  in th is  w o rk . T h e  e n h a n c e d  th e o ry  fo rm s  th e  b a s is  o f a  p ro c e d u re  th a t c an  be  u sed  to  e s t im a te  rad io b io lo g ic a l p a ra m e te rs  using a  h e te ro ­
g e n e o u s  tu m o u r contro l m o d e l w ith o u t construction  o f a  fit s ta tistic , o r th e  s u b s e q u e n t m in im iza tio n  o f a  s ta tis tica l fun c tio n . T h is  p ro c e d u re  y ie ld s  e q u iv a le n t p a ra m e te r  e s t im a te s  
a s  o ther, s ta tistica lly  b a s e d  m e th o d s , but w ith  a  c o m p u ta tio n a l e ffic ie n c y  s e v e ra l o rd e rs  o f m a g n itu d e  fa s te r  th a n  th e  s ta tistica lly  b a se d  m e th o d . T h is  im p ro ved  th e o ry  a ls o  s h o w s  
th a t w h e n  m od e lin g  c lin ical d a ta  w ith  a  popu la tio n  tu m o u r contro l m o d e l, th e  s lo p e  o f th e  c o rre la te d  p a ra m e te rs , a  a n d  ln (k ), is an  e s t im a te  o f th e  re c ip ro c al o f th e  d o s e  o f 5 0 %  
tu m o u r con tro l. T h is  resu lt s h o w s  th a t a  b ias  in e s t im a te s  o f rad io b io lo g ic a l p a ra m e te rs  w ill be  in troduced  d e p e n d in g  on th e  m e a n  surv iva l lev e l o f  th e  c lin ical d a ta . It is a lso  
sh o w n  h o w  th e  s a m e  fo rm  o f p a ra m e te r  sca ling  c an  be  a p p lie d  w h e n  th e  tu m o u r contro l m o d e l is e x p a n d e d  to  th e  g e n e ra l c a s e , w h ich  inc lu d e s  in te r-p a tien t h e te ro g e n e ity  in 
c lo n o g en  n u m b e r a n d  tu m o u r grow th  ra te .

T U -P 1 -2  1 3 h 3 0

R a d ia tio n  E n e rg y  D ep o s itio n  C a lc u la tio n s  using  M o n te  C a rlo  S im u la tio n s  in K -she ll X -ra y  F lu o re s c e n c e  B o n e  L e a d  M e a s u re m e n ts *, N a s e e r  A h m e d  1, D a v id  E .B . F lem in g  1 a nd  
J o a n n e  M . O ’M e a ra  2 , 1 M o u n t A lliso n  U n ive rs ity  an d  2 U n iv ers ity  o f  G u e lp h  —  R e c e n t a p p lic a tio n s  o f K -sh e ll x -ra y  flu o re s c e n c e  (K X R F ) b o n e  lea d  m e a s u re m e n t h a v e  u sed  a  
s h o rte r s o u rc e -to -s a m p le  (S -S )  d is ta n c e  th a n  th e  tra d itio n a lly  u sed  s ta n d ard  v a lu e  o f 2 0 m m , in o rd e r to  im p ro ve  m e a s u re m e n t p recis ion  a n d  d e c re a s e  m in im u m  d e te c ta b le  limit. 
T h is  a lte ra tio n  to  th e  s ta n d ard  S -S  d is ta n c e  h a s  b e en  m a d e  w ith o u t c o n s id e ra tio n  o f th e  im pact on th e  s u b jec t d o s e . T h e re fo re , M o n te  C a r lo  s im u la tio n  h a s  b e e n  u sed  to  c a lc u ­
la te  th e  e n e rg y  de p o s itio n  in a  s o ft-tis s u e /b o n e  m o d e l, s im u la tin g  th e  lo w e r part o f th e  leg during  K X R F  b o n e  lea d  m e a s u re m e n ts . T h e  s im u la tio n s  w e re  run fo r  m o d e ls  re p re ­
s en tin g  both y o u n g  a n d  a d u lt s u b jec ts , ass u m in g  lea d  c o n c e n tra tio n s  o f 10  pg /g  in b o n e  a n d  trac in g  5 0 0  m illion p h o to n s  in e a c h  s im u la tio n . T ria ls  w e re  p e rfo rm ed  o v e r a  w id e  
ra n g e  o f 5 - 4 0  m m  s o u rc e  to  s a m p le  (S -S ) d is ta n c e s . T h e  e n e rg y  de p o sitio n  d u e  to  th e  C o m p to n  a nd  th e  p h o to e le c tric  (fo r both x -ra y  a n d  non x -ra y  e v e n ts ) p ro c e s s e s  occurring  
in th e  b o n e  a n d  th e  soft tis su e  a re  p re s e n te d . T h e  ra tios  o f  th e  e n e rg ie s  d e p o s ited  in th e  b o n e  a n d  in th e  soft tis su e  w ith  re s p e c t to  th e  to ta l e n e rg y  d e p o s ite d  in th e  s a m p le  a re  
c a lc u la te d . P o te n tia l im p lic a tio n s  fo r  th e  c h o ice  o f an  a p p ro p ria te  s o u rc e -s a m p le  d is ta n c e  in K X R F  b o n e  lea d  a n a ly s is  a re  d isc u s se d .

* This work is being supported by NSERC.
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M o n ito rin g  th e  R e s p o n s e  o f M y c o s is  F u n g o id e s  to  Total S k in  E le c tro n  Irrad ia tio n  w ith  O p tic a l C o h e re n c e  T o m o g ra p h y , J o s e p h  E . H a y w a r d  1, P a w e l P. M a ly s z  1, G le n n  W . J o n e s 1, 
M a g g ie  L. G o rd o n  2, V ic to r  X .D .  Y a n g  1, I. A le x  V itk in  2 3 , 1 Ju ra v in s k i C a n c e r C en tre , 2 U n iv ers ity  o f Toronto  a n d  3 U n ivers ity  H e a lth  N e tw o rk  —  O p tic a l c o h e re n c e  to m o g ra p h y  
(O C T )  is a  n o v e l im ag in g  te c h n iq u e  th a t is like u ltrasoun d  im ag in g  w ith  light w a v e s , a s  o p p o s e d  to  s o u n d  w a v e s . O C T  c an  a c q u ire  s u b s u rfa c e  im a g e s  o f  tis s u e s  w ith  m icro sco p ic  
reso lu tion  (~  1 5  : m ) .  M ic ro s tru c tu ra l in fo rm ation  c an  be  o b ta in e d  up to  ~  2  m m  in d ep th  in tis s u e s  like skin . Im a g in g  is c o m p le te ly  n o n -d e s tru c tiv e  an d  c an  be  d o n e  w ith o u t 
tou c h in g  th e  tis su e  s u rfa c e . M y c o s is  fu n g o id e s  (M F ) is a  c u ta n e o u s  T -c e ll ly m p h o m a  th a t is co m m o n ly  tre a te d  w ith  to ta l skin  e le c tro n  irrad ia tion  (T S E I) .  T h e  s u b s u rfa c e  m arg in  o f 
th e  d is e a s e  b e yo n d  th e  su p erfic ia l les ion  e d g e  is u n k n o w n , a n d  its re g res s io n  d y n a m ic s  during  a n d  fo llow ing  T S E I a re  poorly  u n d e rs to o d . T h e  p u rp o s e  o f th is  s tudy  w a s  to  d e te r ­
m in e  w h e th e r  O C T  is c a p a b le  o f M F  les ion  c h a ra c te r iz a tio n  an d  rad ia tio n  tre a tm e n t re s p o n s e  m on ito ring  in a  s e le c te d  g ro u p  o f p a tien ts  underg o in g  T S E I.  S e v e ra l p a tien ts  w e re  
im a g e d  w ith  O C T  b e fo re , during , a n d  a fte r  T S E I.  S im ila r  to  h isto log ica l a n a ly s is , it w a s  o b s e rv e d  th a t O C T  im a g e s  o f M f  les io n s  usually  a p p e a re d  les s  s tru c tu red  th a n  M F  
im a g e s  o f n o rm a l, h e a lth y  skin . In  o n e  pa tien t, O C T  im a g e s  o f  n o rm a l-lo o k in g  skin ha d  th e  d iso rd ere d  c h a ra c te ris tic s  o f  M F  les ions . W e e k s  later, th e  previous ly  norm a l-lo o kin g  
a re a  had  b e c o m e  part o f a  la rg e  M F  les ion , s u g g es tin g  th a t O C T  m a y  b e  usefu l fo r pred ic ting  th e  s u b s u rfa c e  s p re a d  o f M F .
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Id en tifica tio n  o f B re a s t S p e c im e n s  v ia  L o w -A n g le  X -R a y  S c a tte r  M e a s u re m e n ts  w ith  a  D ig ita l Im a g in g  S v s te m * . .R o b e r t  L e C la ir ,  Lau re n tia n  U n ive rs ity  —  T h e  in fo rm ation  c arried  
by th e  x  ra ys  d iffrac ted  fro m  b re a s t s p e c im e n s  cou ld  be  usefu l fo r d iag n o sin g  b re as t c a n c e rs . O u r  re s e a rc h  p ro g ra m  is fo c u s e d  on d e te rm in in g  w h e th e r  w e  can  identify  b re as t 
b iopsy s p e c im e n s  (e .g . m a lig n a n t tum or, ben ign  tum or, n orm al b re as t tis s u e ) v ia  th e  u s e  o f a  p encil b e a m  d e liv e ry /lo w  a n g le  x -ra y  s c a tte r  d ig ita l im ag in g  s ys te m . S u p p o s e  w e  
w ish  to  m e a s u re  th e  s c a tte r  p ro files  o f 5  m m  th ick  s a m p le s  o f c a rc in o m a  a n d  fib ro -g la n d u la r  tis su e  w ith  a  2  in by 2  in c h a rg e d  c o u p led  d e v ic e  (C C D ) c a m e ra  using a  3 0  k V  b e a m . 
E a c h  s a m p le  is s eq u e n tia lly  p laced  a t 2  in a b o v e  th e  c e n te r  o f th e  C C D  an d  in te rro g a ted  by a  1 m m  d ia m e te r  pencil b e a m . F o r an  e n tra n c e  e x p o s u re  o f 1 2 0  m R , th e  s ig n a ls  s im ­
u la ted  w ith  s c a tte r  b e tw e e n  13  a n d  1 5 d e g r e e s  g iv e  a  fa ls e  n e g a tiv e  p robability  o f  1 .7 x 1 ο -11 a nd  a  fa ls e  pos itive  o n e  o f 2 .3 x 1 0 -10. T h e s e  s m all v a lu e s  e n c o u ra g e  us to  quantify  
th e  po te n tia l a p p lic a tio n s  o f th e  s c a tte r  te c h n iq u e . E x p e rim e n ta l d a ta  o b ta in e d  fo r p lastics  w ith  o u r d ig ita l s p e c im e n  ra d io g ra p h y  s y s te m  in d ica te  th a t th e  d a rk  cu rren t is to o  h igh to  
a c q u ire  d iffraction  s ign als . T h e re fo re  w o rk  is u n d e r w a y  to  coo l o u r d e tecto r. T h e  p re d ic te d  p rob a b ilitie s  q u o ted  a b o v e  a re  b a se d  upon using  p re lim in a ry  d iffraction  d a ta  fro m  th e  
lite ra tu re . In o u r lab , w e  a re  in th e  p ro c es s  o f  m e as u rin g  th e  x -ra y  d iffraction  s ig n a ls  o f  all b re as t tis su e  ty p e s  v ia  e n e rg y  d isp ers iv e  x -ra y  d iffraction  m e a s u re m e n ts .

* This work is being supported by NSERC and CIHR, Institute of Cancer Research.
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[TU-P2] M i c r o i m a g i n g  /  M i c r o i m a g e r i e

(C O M P-DM BP/
O CPM -D PM B)

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

13h15 - 14h00

[ R o o m /S a l le  : V ic to r ia  ] 
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C h a ir :  A . P e jo v ic -M il ic ,  R y e rs o n  U.

L o c a liza tio n  o f N e u ra l A ctiv ity  in th e  H u m a n  B ra in *, K e v in  W h it t in g s ta l l  a nd  G . S tro ink, D a lh o u s ie  U n ive rs ity  —  W ith  re ce n t te c h n o lo g ic a l a d v a n c e s , th e re  h a s  b e en  a  g re a t  
e ffo rt put into th e  n o n -in v a s iv e  lo ca liza tio n  an d  im ag in g  o f  n e u ra l activ ity  in th e  h u m a n  b ra in . Too ls  s uch  a s  th e  e le c tro e n c e p h a lo g ra m  (E E G ) a n d  fu n c tio n a l m a g n e tic  re s o n a n c e  
im ag in g  (F M R I)  m e a s u re  e le c trica l activ ity  a t th e  s ca lp  a n d  c h a n g e  in h e m o d y n a m ic  activ ity , re sp e ctive ly . F M R I activ ity  c an  be  in ve s tig a ted  v ia  v is u a l insp ec tion  o f th e  M R  
im a g e s , w h e re a s  th e  lo ca liza tio n  o f E E G  activ ity  is e s tim a te d  by so lv ing  th e  s o -c a lle d  in ve rs e  p ro b le m . F a c to rs  s uch  a s  h e a d  a n d  s o u rce  m od e lin g  e rro rs  can  lead  to  s ign ificant 
lo ca liza tio n  e rro rs  an d  th e re fo re  n e ed  to  be  re so lv ed  b e fo re  a  d irec t c o m p aris o n  b e tw e e n  th e  s o u rc e s  o f th e  E E G  a n d  F M R I a re  m a d e . A lth o u g h  th e  E E G  an d  F M R I m e a s u re ­
m e n ts  a re  s e n s itiv e  to  c o m p le te ly  d iffe re n t p h ysio log ica l p h e n o m e n a , th e ir  orig ins  a re  th o u g h t to  be  c lo s e ly  c o -lo c a liz e d . T h e  E E G  an d  F M R I activ ity  fro m  s e v e ra l h e a lth y  sub jec ts  
w a s  m e a s u re d  s eq u e n tia lly  using th e  s a m e  v is u a l s tim u lu s  fo r  both e x p e rim e n ta l s es s io n s . T o p o g ra p h ic  m a p s  o f th e  m e a s u re d  e le c tric  po ten tia l d u e  to  s tim u lu s  o n s e t w e re  c o n ­
s tru c ted . U s ing  a  d ip o la r s o u rce  m ode l a lo n g  w ith  a  rea lis tic  m o d e l o f th e  s u b je c t’s  h e a d , an  in ve rs e  solu tion  w a s  s o lved  using th e  B o u n d ary  E le m e n t M e th o d  (B E M ). T h e s e  
s o u rc e s  w e re  th e n  c o m p a re d  to  th e  p e a k  F M R I activ ity  o f  th e  s a m e  s u b jec t on th e  M R  im a g e . P re lim in ary  resu lts  s h o w  th a t reco n s tru c te d  d ip o la r s o u rc e s  a re  n e a r  th e  location  o f  
p e a k  F M R I a c tiv a tio n . T h is  s u g g e s ts  a  re la tio n s h ip  b e tw e e n  th e  lo ca liza tio n  o f n e u ra l an d  h e m o d y n a m ic  activ ity  in h u m a n s .

* This work is being supported by NSERC.
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V is u a liz in g  M y e lin  D is o rd ers  In  V ivo , M e la n ie  M a r t in  1, S a m u e l D . R e y e s 2, R ob in  F is h e r2, A n th o n y  T  C a m p a g n o n i2, T im o th y  D . H il tn e r3, J. M ic h a e l T y s z k a 3, S co tt E . F r a s e r3, 
R u s s e ll E . J a c o b s 3, C a ro l R e a d h e a d  3, 1 C a lifo rn ia  In s titu te  o f  Techno logy, 2 U C L A  M e d ic a l S ch o o l a nd  3 C a lte c h  —  O u r  o b je c tiv e  w a s  to  fo llo w  th e  c o u rse  o f m y elin  d is e a s e s  in 
tra n s g e n ic  m ice  using  n o n -in v a s iv e  h ig h -reso lu tio n  (5 0  μ m  -  1 5 0  μ m ) m a g n e tic  re s o n a n c e  ^ M R I )  a n d  V is u a lly  E v o k e d  P o te n tia l la ten c y  (V E P L )  te c h n iq u e s . D a ta  p re s e n te d  a re  
fro m  th re e  m u ta n t m o u s e  m o d e ls . T h e  sh iv e rer, w ith  little o r  no C N S  m yelin , h a s  a  s ign ifican tly  lo n g e r V E P L  (3 9 ± 1 m s ) th a n  w ild typ e  m ice  (3 0 ± 2 m s ). C o n s is te n t w ith  th is  s ign ifi­
c an t d iffe re n c e  (p < 0 .0 0 0 1 ) ,  c le a rly  v is ib le  c h a n g e s  in th e  T 2 -w e ig h te d  μ M R  im a g e s  (T 2 W I)  a re  s e e n . A s e c o n d  m o u s e  m o d e l, (M B P ::J 3 7 ) e c to p ic a lly  o v e r  e x p re s s e s  a  v a r ia n t o f 
a  m y elin  b as ic  p ro te in  g e n e . W e  fo llo w ed  ind ividua l M B P ::J 3 7 s  a nd  th e ir  u n a ffe c te d  s ib lings fro m  21 until 7 3  d a y s  o ld using V E P L s  an d  3 D  T 2 W I on  an  1 1 .7  T  s ca n n e r. W h e n  
m y elin a tio n  is not y e t c o m p le te  a ll m ice  s h o w  an  in c re a s e d  V E P L  a s  c o m p a re d  to  a  m a tu re , fu lly  m y e lin a te d  m o u s e . T h e  μ M R I, a n d  th e  V E P L  an d  h isto log ica l d a ta , s h o w  g lobal 
a  d e la y  o f C N S  m yelin  d e v e lo p m e n t an d  p e rs is te n t h y p o m ye lin a tio n  in m a tu re  M B P ::J 3 7 . T h e ir  V E P L s  w e re  c lo s e  to  n o rm a l a n d  th e ir  tre m o r had  a b a te d . T h e  th ird  m o u s e  m ode l 
d e v e lo p s  E x p e rim e n ta l A lle rg ic  E n c e p h a lo m y e lit is  re la p s in g -rem ittin g  d is e a s e  c o u rse . V E P L  m e a s u re m e n ts  a n d  T 2 W I s h o w  v ary in g  resu lts  b e tw e e n  a n im a ls  e v e n  w ith in  th e  s a m e  
d is e a s e  s ta g e  con firm in g  th a t it is im p o rtan t to  fo llo w  th e  s a m e  s u b jec t th ro u g h  a  d is e a s e  c o u rs e  in o rd e r to  find a  re la tio n s h ip  b e tw e e n  sym p to m o lo g y  a nd  patho logy . T h e s e  d a ta  
su p p o rt th e  po te n tia l o f using  M R I to  fo llo w  d e m y e lin a tin g  les ions  in v ivo  to  d e te rm in e  th e  e x a c t re la tio n s h ip  a m o n g  V E P s  an d  les ions.
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M o le c u la r  Im ag in g  using  an  O rth o g o n a l-In je c tio n  T im e -o f-F lig h t M a s s  S p e c tro m e te r  w ith  a  M a tr ix -A s s is te d  L a s e r  D e so rp tio n  Io n iza tio n  S o u rc e * , W e r n e r  E n s , G . P iy a d a s a ,
J .R . M c N a b b , V . S p ic e r  a n d  K .G . S ta n d in g , U n ive rs ity  o f  M a n ito b a  —  A n  o rth o g o n a l-in je c tio n  M A L D I T O F  in s tru m en t is w e ll-s u ite d  fo r ob ta in ing  m a s s -s e le c te d  2 d  im a g e s  from  
tis su e  s e c tio n s  b e c a u s e  th e  s o u rce  is d e c o u p le d  fro m  th e  m a s s  m e a s u re m e n t. T h e  m a s s  s p ec tra l qua lity  is th u s  in d e p e n d e n t o f  v a ria tio n s  in s a m p le  p ro p e rties  (such  a s  th ic k ­
n e s s ), an d  th e  ta rg e t m a y  be  he ld  a t low  v o lta g e  an d  in a  m o d e s t v a c u u m . M o re o v e r  it a llo w s  g re a te r  flexib ility  fo r th e  inciden t la s e r  op tics  an d  a ls o  a llo w s  th e  possib ility  to  p e r­
fo rm  M S /M S  m e a s u re m e n ts  on s e le c te d  p e p tid e s  o r p ro te in s . W e  h a v e  co n stru c ted  a  n e w  M A L D I s o u rce  fo r o rth o g o n a l T O F  in w h ich  th e  ions a re  e je c te d  p e rp e n d ic u la r  to  th e  
a x is  o f th e  c o llis io nal coo ling  ion g u id e . T h is  a llo w s  n o rm a l in c id e n c e  fo r  th e  de so rb in g  laser, a n d  m uch c lo s e r p la c e m e n t o f th e  fina l fo c u s in g  op tic , both o f  w h ich  a re  e s s e n tia l fo r  
h ig h -reso lu tio n  im ag in g . D e s o rb e d  ions a re  d ra w n  into th e  ion g u id e  by g a s  flow . F o r th e  p re se n t e x p e rim e n ts , a  h ig h -re p e titio n  ra te  N d -Y a g  la s e r  is c o u p led  to  a  1 0 -m ic ro n  op ti­
c a l fib re . T h e  ou tp u t is im ag e d  o n e -to -o n e  on  th e  s a m p le  a n d  ra s te re d  a t a  un ifo rm  ra te  to  obta in  a n  im a g e . A c o n tin u o u s  d a ta  log o f flight tim e s  is acq u ire d  a lo n g  w ith  re a l-t im e  
m a rk e rs  to  c o o rd in a te  th e  position  o f th e  la s e r  spo t. T h e  s o u rc e  a nd  s o ftw a re  h a v e  b e e n  te s te d  w ith  a  5 0 0  lin es -p e r-in c h  grid , c o a te d  w ith  a n g io te n s in  an d  p lac e d  on  a  ta rg e t  
c o a te d  w ith  C 6 0 . M a s s  s e le c te d  im a g e s  fo r both s p e c ie s  c le arly  s h o w  s p atia l reso lu tion  o f 10  m icro n s  o r  b etter. W ith  a  5 0 0  H z  re petition  ra te  laser, th e  im a g e s  c an  be  acq u ire d  
a t 10  p ixe ls  p e r  s e c o n d , a lth o u g h  w ith  tis su e  s a m p le s , th e  ra te  w ill likely be  d e te rm in e d  by th e  a b u n d a n c e  o f th e  p rote in  o f in te res t. P re lim in ary  im a g e s  o f sm all p ro te in s  up  to  m /z  
4 0 0 0  h a v e  b e e n  o b ta in e d  a t th is  ra te  fro m  s o m e  p lan t tis su e s . T h e  lim its  o f s p a tia l reso lu tion  o f  im ag in g  M A L D I w ill be  te s te d  by focus in g  th e  la s e r  d irec tly  o n to  th e  ta rg e t w ith  a  
len s  p lac e d  a b o u t 1 c m  fro m  th e  s u rfa c e . T h is  is e x p e c te d  to  p ro d u c e  spo t s iz e s  less  th a n  2 m icro n s  in d iam e te r.

* This work is being supported by Genome Canada.

1 4 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P3]

(CAP/ACP)

C A P  H e r z b e r g  M e d a l  W i n n e r  /

Récipiendaire de la médaille Herzberg de l'ACP
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
13h30 - 14h15

[  R o o m /S a l le  : B a l lr o o m s  B /C  ] C h a ir :  B . J o o s ,  U .O tta w a

T U -P 3 -1  1 3 h 3 0

V IC T O R IA  M . K A S P I,  M c G ill U n ivers ity  

R e vo lu tio n s  in N e u tro n  S ta r A s tro p h ys ics

N e u tro n  s ta rs , like th e ir  b lac k  ho le  cou sin s , e m b o d y  p hysics  o f th e  e x tre m e : th e ir  p hysica l p ro p e rties  a n d  e n v iro n m e n ts  a re  not m e re ly  u n re a liz a b le  in T erres tria l la b o ra to rie s  but 
in d e e d  a re  e x tre m e  e v e n  w h e n  c o m p a re d  w ith  th e  know n  U n iv e rs e ’s  v a s t z o o  o f  b iz a rre  ob je c ts . In te res ting ly , re s e a rc h  into n e u tron  s ta rs  h a s  b e en  p u n c tu a te d , a rg u a b ly  m o re  so
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th a n  in a n y  o th e r a s tro p h ys ica l fie ld , by surpris ing  “re v o lu tio n s ,” in w h ich  m a jo r u n p re d ic ted  a n d /o r  u n e x p e c te d  d isc o v erie s  s h o ck  e v e n  th e  m ost s e a s o n e d  o f sc ien tis ts . In th is  
ta lk , w e  d iscuss  s o m e  o f th e  m ost re ce n t m a jo r  d isc o v erie s , includ ing  th e  e x is te n c e  o f “m a g n e ta rs ,” y o u n g  neu tro n  s ta rs  h av ing  U n iv e rs a l re co rd -h o ld in g  m a g n e tic  fie ld  s tren g th s , 
a s  w e ll a s  th e  v e ry  re ce n t d isc o v ery  o f  th e  first d o u b le  pu ls ar s ys te m , a n d  its a m a z in g  ra d ia tiv e  an d  re la tiv is tic  p ro p e rties .

1 4 h 1 5 S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P4] Y o u n g  I n v e s t i g a t o r s  i n  C o n d e n s e d  M a t t e r  P h y s i c s  I /

(dcmmwdpmcm) Jeunes chercheurs(ses) en physique de la matière condensée I
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
14h15 - 16h45

[ R o o m /S a l le  : B a l lr o o m s  B /C  ] C h a ir :  H . K re u z e r, D a lh o u s ie  U.

T U -P 4 -1  1 4 h 1 5

R O B E R T  W IC K H A M , S t. F ra n c is  X a v ie r  U n ivers ity

K in e tic s  o f  S e lf-A sse m b ly  in B lo c k  C o p o ly m e r M e lts

T h e  ability  o f b lock  c o p o ly m e r m e lts  to  s p o n ta n eo u s ly  o rg a n iz e , o r s e lf-a s s e m b le , into s tru c tu res  on a  s c a le  o f te n s  o f n a n o m e te rs  m a k e s  th e s e  m a te r ia ls  a ttra c tiv e  fo r a p p lic a tio n s  
requ iring  such  reso lu tio n , such  a s  n a n o fa b rica tio n  a n d  lithography. W h e n  p ro c es s in g  th e s e  m a te ria ls  it is im p o rtan t to  u n d e rs tan d  th e  m e c h a n is m s  a n d  t im e s c a le s  invo lved  in th e  
fo rm a tio n  o f th e s e  s tru c tu res , th a t is, th e  k inetics  o f s e lf-a s s e m b ly . T h e  k inetics  o f n u c lea tio n  a t o rd e r-o rd e r tra n s itio n s , w h e re  a  m e ta s ta b le  s truc tu re  o v e rc o m e s  an  e n e rg e tic  b a r­
r ie r a n d  d e c a y s  by n u c lea tin g  a  d ro p le t o f th e  s ta b le  s tru c tu re  is a  to p ic  o f c u rren t in te res t. I w ill d isc u s s  re ce n t th e o re tic a l d e v e lo p m e n ts  th a t h a v e  e n a b le d  th e  calc u la tio n  o f  th e  
critical n u c leu s  s iz e  a n d  s h a p e , a n d  th e  s iz e  o f th e  nuc lea tio n  b a rrie r fo r th e  lam e lla r-to -c y lin d e r a n d  s p h e re -to -c y lin d e r tra n s itio n s  in d ib lock  c o p o ly m e r m e lts . In g e n e ra l, th e  
n u c leu s  s h a p e  is n o n -s p h e ric a l d u e  to  an  a n is o tro p y  in th e  fre e -e n e rg y  fo r in te rfa c e s  b e tw e e n  s tru c tu res  o f d iffe ren t s ym m e try . I w ill c o m p a re  th e s e  resu lts  w ith  re le v a n t e x p e ri­
m e n ts  a n d  d iscuss  fu tu re  d irec tions .

T U -P 4 -2  1 4 h 4 5

C O L IN  D E N N IS T O N , U n iv ers ity  o f W e s te rn  O n ta r io  

D yn a m ic  B o u n d a rie s  In  C o m p le x  F lu id s

In a  s im p le  fluid th e  b o u n d a ry  b e tw e e n  th e  fluid a n d  a n y  solid  s u rfa c e  is norm a lly  a  s ta tic  q u a n tity  d e fin e d  by b o u n d a ry  con d itio n s  g ive n  a t th e  b eg inn ing  o f th e  p ro b le m . C o m p le x  
flu ids , h o w e ve r, a llo w  g re a te r  contro l o f in te rfa c ia l p h e n o m e n a  v ia  th e  e x tra  d e g re e s  o f fre e d o m  a s s o c ia te d  w ith  th e ir  in te rna l s tru c tu re  an d  c o m p o s itio n . I w ill illus tra te  h o w  th is  
a llo w s  th e  b o u n d a ry  con d itio n s  to  be  m a n ip u la te d  both spatia lly  a n d  te m p o ra lly . T h is  e ffe ct c an  th e n  be  u sed  to  d e s ig n  m icroflu id ic  an d  op tica l d e v ic es .

1 5 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé

T U -P 4 -3  1 5 h 4 5

M A R IA  K IL F O IL , M c G ill U n ivers ity

C o n se q u e n ce s  o f  B e in g  S o ft: E q u ilib r iu m  C o ncep ts  in N o n e q u ilib riu m , S o ft M a te ria ls  U s ing  R e a l S p ace  Im ag ing

‘S o ft’ c o n d e n s e d  m a tte r  re fe rs  to  th e  v ery  s m all e la s tic  c o n stan ts  —  typ ica lly  n in e  to  te n  o rd e rs  o f  m a g n itu d e  s m a lle r  th a n  th o s e  o f a to m ic  an d  m o le c u la r  so lids  —  c o n fe rred  to  
th e s e  m a te ria ls  by th e ir  la rg e  m e so s co p ic  b as ic  build ing b locks : co llo ids , p o ly m e rs , an d  b io m o le c u le s  a re  e x a m p le s . T h e s e  m a te r ia ls  a re  e as ily  d rive n  out o f equ ilib riu m . T h e y  
m a y  a ls o  be  “q u e n c h e d ” to  fo rm  none q u ilib riu m  s tru c tu res  th roug h  th e  in troduction  o f an  in te rp artic le  a ttra ctio n  th a t is s trong re la tiv e  to  th e  th e rm a l e n erg y . O n e  o f th e  unify ing  
a s p e c ts  o f  th is  re s e a rc h  is th e  s e a rc h  fo r w a y s  to  e x te n d  w e ll-d e v e lo p e d  id e a s  o f s ta tis tica l m e c h a n ic s  to  n o n -eq u ilib riu m  s y s te m s . In th is  ta lk , I w ill d iscuss  o u r re c e n t e x p e ri­
m e n ts  using  c o llo ida l s y s te m s  a s  m o d e ls  fo r a to m s , a n d  rea l s p a c e  im ag ing  fo r full th re e -d im e n s io n a l s tru c tu re , using th is  d a ta  to  m e a s u re  sp atia l c o rre la tio n s  o v e r tim e . I will 
p re se n t e x p e rim e n ta l m e a s u re m e n ts  o f  tra n s la tio n a l o rd e r in c o llo ida l g e ls  o f P M M A  co llo ids  w ith  p o ly m e r a d d e d  to  in d u c e  a  con tro lled  a ttra c tio n . T h e s e  resu lts  a re  th e  first to  
q u a n tify  th e  m icroscop ic  d iso rd er in n o n -eq u ilib riu m  so lids  using m o d e l c o llo ida l s y s te m s . In  do ing  so , I w ill in tro d u c e  a  n e w  tra n s la tio n a l o rd e r p a ra m e te r  th a t is s en s itive  to  long  
ra n g e  o rd e r in th e s e  n o n -ra n d o m  p a ck in g s , an d  shou ld  be  s e n s itiv e  to  a  ch an g in g  c h a ra c te ris tic  leng th  s c a le  w ith  a g e , a n d , im portantly , is a ls o  s e n s itive  to  an iso trop y. I w ill fu r­
th e r  s h o w  th e  first e x p e rim e n ta l m e a s u re m e n ts  o f th e  e q u a tio n  o f s ta te  in a  s y s te m  w ith  short ra n g e  a ttra c tio n s  using th e  s a m e  c o llo id -p o ly m e r m o d e l s ys te m .

T U -P 4 -4  1 6 h 1 5

IA N  G . H IL L , D a lh o u s ie  U n ivers ity

C o n ta c t R e s is ta n ce  in  O rg a n ic  T h in -F ilm  T ra n s is to rs

O rg a n ic  e le c tro n ics  h a v e  re a c h e d  th e  e arly  s ta g e s  o f c o m m e rc ia l v iab ility . P e rs o n a l e le c tro n ic  d e v ic e s  inco rp orating  sm all d isp la y s  b a se d  on o rg a n ic  light em itting  d e v ic e s  
(O L E D s ) a re  n o w  a v a ila b le . M a n y  key  c h a lle n g e s  still re m a in , h o w e ve r, w h ich  a re  cu rren tly  h indering  w id e -ra n g in g  a d o p tio n  o f o rg a n ic  e le c tro n ic  d e v ic e s . S h o rtc o m in g s  o f p re s ­
e n t d a y  d e v ic e s  inc lude , but a re  not lim ited  to , p o o r c h a rg e  c a rr ie r  m ob ilities , h igh c o n ta c t re s is tan ce  a t m e ta l/o rg a n ic  in te rfa ce s , p o o r d e v ic e  stab ility  a nd  a  lac k  o f in e x p e n s iv e  
p a tte rn ing  te c h n iq u e s  th a t do  not d e g ra d e  th e  e le c trica l p ro p e rties  o f th e  o rg a n ic  film s. O rg a n ic  th in -film  tra n s is to rs  (O T F T s ) e xh ib it p e rfo rm a n c e  s im ila r to  th e ir  a m o rp h o u s  silicon  
(a -S i)  co u n te rp arts , lea d in g  m a n y  re s e a rc h e rs  to  s u g g e s t th a t O T F T s  m a y  re p la c e  a -S i a s  th e  te c h n o lo g y  o f c h o ice  fo r a c t iv e -m a tr ix  d isp la y  b a c k p la n e s . O T F T s  c an  be  fa b ric a te d  
on  fle x ib le , p las tic  s u b s tra te s  th a t m a y  e n a b le  c o n tin u o u s  ro ll-to -ro ll fa b rica tio n . S u c h  te c h n iq u e s  c an  be  m o re  th a n  an  o rd e r o f m a g n itu d e  less  e x p e n s iv e  th a n  tra d itio n a l batch  
pro c es s in g  o f g la s s -b a s e d  a -S i d e v ic e s . R e c e n t s tu d ies  h a v e  c ited  e v id e n c e  o f la rg e  s o u rce /d ra in  co n ta ct re s is tan ce  in O T F T s . T h is  re s is ta n c e  m ay  limit th e  c u rren t-ca rry in g  a b il­
ity o f  th e  d e v ic e s , lea d  to  u n d e re s tim a te s  o f im p o rtan t d e v ic e  p a ra m e te rs , s uch  a s  th e  s em ic o n d u c to r  m obility, a n d  restrict th e ir  utility in a c t iv e -m a tr ix  b a c k p la n e s , d u e  to  th e  resu lt­
ing R -C  c h arg in g  tim e  o f an  ind ividua l p ixe l. T h e  e v id e n c e  o f c o n ta c t re s is tan ce , a n d  its in te rp reta tio n , w ill be  p re s e n te d  an d  d isc u s se d  in th e  c o n te x t o f m e ta l/o rg a n ic  in te rfa ce  
fo rm a tio n . R e c e n t resu lts  o f physica l d e v ic e  s im u la tio n s  w ill b e  p re s e n te d  a n d  c o m p a re d  w ith  pu b lish ed  d a ta .

1 6 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P5]

(PPD)

T h e  E n e r g y  F r o n t i e r  i n  P a r t i c l e  P h y s i c s  /  La frontière de l'énergie en 
physique des particules

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

14h15 - 17h30

[  R o o m /S a l le  : C a m p a ig n  A  ] C h a ir :  PW . K r ie g e r ,  U .T o ro n to

T U -P 5 -1 1 4 h 1 5

K O S T A S  K O R D A S , U n ivers ity  o f Toronto

R e c e n t R e su lts  F ro m  The C o llid e r  D e te c to r  A t  F e rm ila b

T h e  T e va tro n  co llid e r a t F e rm ila b  is c u rren tly  prov id ing  co llis ions o f p ro ton s  a n d  an ti-p ro to n s  a t a  c e n te r-o f-m o m e n tu m  e n e rg y  o f 1 .9 6  TeV , w h ich  is th e  h ig h e st e n e rg y  e v e r  s tu d ­
ied . T h e  C o llid e r  D e te c to r  a t F e rm ila b  (C D F )  is o n e  o f th e  tw o  m u ltip u rp o s e  d e te c to rs  ob s erv in g  th e  o u tc o m e  o f such  c o llis io ns. A fte r  th e  m a jo r u p g ra d e s  to  th e  co llid e r an d  th e
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d e te c to rs , th e  F e rm ila b  “R un  II” period  o f o p e ra tio n s  is w e ll u n d e rw ay . T h e  C D F  II c o lla b o ra tio n  is co llecting  phy s ic s -q u a lity  d a ta  fo r th e  last tw o  y e a rs  a nd  h a s  n o w  a t ha n d  a  
d a ta s e t w h ich  is m o re  th a n  a  fa c to r  o f fo u r la rg e r  th a n  th e  o n e  u sed  to  e stab lish  th e  e x is te n c e  o f th e  to p  q u a rk  in 1 9 9 5 . T h e  key  u p g ra d e s  a n d  th e  p e rfo rm a n c e  o f th e  C D F  d e te c ­
to r  w ill be  p re s e n te d  briefly. T h e  bu lk  o f  th e  ta lk  w ill b e  d e v o te d  to  th e  d iscussion  o f re ce n t resu lts  fro m  th e  C D F  II c o lla b o ra tio n , w ith  an  e m p h a s is  in th e  a re a s  w h e re  th e  
C a n a d ia n  g ro u p  is con tribu ting . F ina lly , th e  p ro s p ec ts  fo r s e v e ra l o th e r in te res ting  m e a s u re m e n ts  w ill b e  d isc u s se d .

T U -P 5 -2  1 4 h 4 5

R A C H ID  M A Z IN I,  U n iv ers ity  o f Toronto

The A T L A S  D e te c to r  P h ys ics  P o te n tia l

T h e  high e n e rg y  an d  high lum inosity  o f th e  L H C  pp c o llid e r s hou ld  o ffe r a  v e ry  rich p hysics  p ro g ra m m e . T h e  S ta n d a rd  M o d e l H ig g s  b oson  should  be  d isc o v ere d  o v e r th e  full 
ra n g e  o f a llo w e d  m a s s e s , a n d  its m a s s  a n d  couplin g  p a ra m e te rs  shou ld  be  m e a s u re d  w ith  a  su ffic ient acc u rac y . T h e o r ie s  b e yo n d  th e  S M , such  a s  S u p e rs y m m e try , Technico lour, 
n e w  g a u g e  bo so n s , c o m p o s itn e s s  an d  E x tra  d im en s io n s  w ill a ls o  be  p ro b e d . S e v e ra l p recis ion  m e a s u re m e n ts  w ill be  m a d e  in th e  B -p h y s ic s  sec to r, in th e  to p  s e c to r  an d  in th e  
e le c tro w e a k  s e c to r  (W  m a s s , T rip le  G a u g e  C o u p lin g s , e tc .)  lea d in g  to  s ig n ifican t im p ro v e m e n ts  on th e  p rec is ion  a c h ie v e d  by p re v io u s  e x p e rim e n ts . T h is  ta lk  w ill h igh light s o m e  o f 
th e  re ce n t s tu d ies  p e rfo rm ed  by A T L A S  in th e  c o n te x t o f n e w  th e o ritica l d e v e lo p m e n t a n d  d e te c to r  p e rfo rm a n c e  s tud ies .

T U -P 5 -3  1 5 h 1 5

F R A N C O IS  C O R R IV E A U , IP P /M c G ill  U n ivers ity

R e c e n t Z E U S  R e su lts  a t  H E R A

T h e  Z E U S  e x p e rim e n t a t th e  H E R A  a c c e le ra to r  o b s e rv e s  co llis io ns  o f e le c tro n s  w ith  p ro ton s  an d  p u rs u es  a  w id e  ra n g e  o f  s tu d ies  on th e  s tru c tu re  o f h a d ro n ic  m atte r, Q C D  and  
s e v e ra l o th e r  p h e n o m e n a . A fte r  th e  m a jo r 2 0 0 1  u p g ra d e  o f th e  H E R A  lum inosity , th e  n e w  e x p e rim e n ta l run is u n d e rw ay . T h e  s ta tu s  o f  th e  m a c h in e  w ill be  briefly  p re s e n te d , fo l­
low ed  by s o m e  o f  th e  m ost re ce n t Z E U S  resu lts  a n d  an  o u tlo o k  a t th e  lo n g -ra n g e  m e a s u re m e n ts .

1 5 h 4 5  C o f fe e  B r e a k  /  P a u s e  c a fé

T U -P 5 -4  1 6 h 1 5

S e a rc h  fo r th e  P roduction  o f  S in g le  Top Q u a rk s  in H igh  E n e rg y  P ro to n -A n tip ro to n s  C o llis io n s *. B . V a c h o n , D O  E x p e rim e n t, F e rm i N a tio n a l A c c e le ra to r  L a b o ra to ry  —  T h e  Top  
q u a rk , th e  h e a v ie s t o f  all th e  know n  q u a rk s  th a t m a k e  up o u r U n iv e rs e , w a s  d isc o v ere d  a t th e  F e rm i N a tio n a l A c c e le ra to r  L a b o ra to ry  in 1 9 9 5 . In high e n e rg y  p ro to n -an tip ro to n  co l­
lisions, to p  q u a rk s  a re  p re d o m in an tly  p ro d u c ed  in pa irs  v ia  th e  s trong in te rac tion . T h e  S ta n d ard  M o d e l o f partic le  p hysics  a ls o  p red ic ts  th e  e le c tro w e a k  production  o f e v e n ts  c o n ­
ta in in g  a  s in g le  to p  q u a rk . D u e  to  its sm all e x p e c te d  c ro ss -s ec tio n  an d  la rg e  b a ck g ro u n d  c o n ta m in a tio n , th e  production  o f s in g le  to p  q u a rk s  h a s  n e v e r  b e e n  o b s e rv e d . T h e  F e rm i 
N a tio n a l A c c e le ra to r  Lab o rato ry , n e a r  C h ic a g o , is h o m e  o f  th e  h ig h e st e n e rg y  p ro to n -an tip ro to n  c o llid e r in th e  w orld . T h e  T e va tro n  c o llid e r is th e  on ly  fac ility  in th e  w o rld  c a p a b le  
o f d irectly  produc ing  to p  q u a rk s . G iv e n  th e  c u rren t collis ion  c e n tre -o f-m a s s  e n e rg y  a n d  th e  c o n s id e ra b le  d a ta  s a m p le  fo re s e e n , th e  production  o f s in g le  to p  e v e n ts  is e x p e c te d  to  
b e  o b s erv e d  fo r th e  first tim e  a t th e  F e rm i N a tio n a l A c c e le ra to r  L ab o rato ry . T h e  D O  e x p e rim e n t is o n e  o f tw o  la rg e  m u lti-p u rp o s e  d e te c to rs  record ing  th e  resu lts  o f th e s e  high  
e n e rg y  p ro to n -an tip ro to n  c o llis io ns. A  b rie f o v e rv ie w  o f  th e  D O  e x p e rim e n t w ill b e  p re s e n te d . D e ta ils  o f th e  o ngo ing  d a ta  a n a ly s e s  s ea rch in g  fo r  e v id e n c e  o f s in g le  to p  q u a rk  pro ­
duction  in th e  c u rren t d a ta  s a m p le  re co rd e d  w ill be  d isc u s se d . P re lim in ary  resu lts  an d  o u tlo o k  w ill be  p re s e n te d .

* This work is being supported by Fermilab.

T U -P 5 -5  1 6 h 3 0

M e a s u rin g  th e  W  B oson  M a s s  w ith  C D F  in R un  I I a , O l iv e r  S te lz e r -C h il to n  1, W illia m  T r is c h u k 1 a n d  A s h u to s h  K o tw a l2 , 1 U n ive rs ity  o f  Toronto  an d  2 D u k e  U n ivers ity  —  T h e  m a ss  
o f th e  W  b oson  is a  fu n d a m e n ta l p a ra m e te r  o f  th e  S ta n d ard  M o d e l. T h ro u g h  ra d ia tiv e  co rrec tio n s , th e  m a s s  o f th e  to p  q u a rk  an d  th e  W  m a s s  a re  c o n n e c te d  to  th e  m a s s  o f th e  
H ig g s  boson , th e  last m iss ing  partic le  o f  th e  S ta n d ard  M o d e l. A s  th e  H ig g s  boson h a s  not y e t b e en  o b s erv e d  e x p e rim e n ta lly , m o re  p re c is e  m e a s u re m e n ts  o f th e  W  m a s s  a n d  th e  
to p  q u a rk  m a s s  w ill fu rth e r c onstra in  th e  m a s s  o f th e  H ig g s  bo s o n . A t th e  C o llid e r  D e te c to r  a t F e rm ila b  (C D F ),  th e  W  m a s s  c an  b e  o b ta in e d  fro m  a  b inned  m a x im u m  like liho od  fit 
to  th e  tra n s v e rs e  m a s s  s p e c tru m . O v e r  th e  last th re e  y e a rs  C D F  h a s  a c c u m u la te d  a  h igh s ta tis tics  d a ta s e t o f lep ton ic  W  boson d e c a y s  an d  w e  e x p e c t a n  e v e n  la rg e r d a ta s e t to  
b e  c o lle c ted  by th e  en d  o f  th is  y e a r . S in c e  m ost o f th e  s y s te m a tic  u n c erta in tie s  invo lved  s c a le  w ith  a v a ila b le  d a ta  s ta tistics , a  su b stan tia l in c re a s e  in p recis ion  on th e  m e a s u re d  
m a s s  c an  be  a c h ie v e d . T h is  ta lk  w ill p re se n t c u rren t s tu d ies  on th e  W  m a s s  m e a s u re m e n t in th e  m uon  d e c a y  c h a n n e l an d  p ro s p ec ts  fo r  an  im p ro ved  m e a s u re m e n t in R u n  IIa .

T U -P 5 -6  1 6 h 4 5

S e a rc h e s  fo r  S U S Y  a t DO *, R o g e r  M o o r e , U n ive rs ity  o f  A lb e rta  —  T h e  F e rm ila b  T e va tro n  p ro v id es  p ro to n -an tip ro to n  co llis io ns  a t 1 .9 6  T e V  c e n tre -o f-m a s s  e n e rg y  a n d  u n p a ra l­
le lled  lum inosity . T h e  D 0  e x p e rim e n t h a s  b e en  co llecting  d a ta  in th is  e n v iro n m e n t s in ce  e arly  in 2 0 0 1  a n d  h a s  n o w  a c c u m u la te d  a  d a ta s e t w h ich  e x c e e d s  th a t o f  p rev ious  
T e va tro n  runs. T h is  p ro v id es  a  un iq u e  o pportun ity  to  s e a rc h  fo r p hysics  b e yo n d  th e  S ta n d a rd  M o d e l includ ing  S u p e rs y m m e try  (S U S Y ) .  I w ill p re s e n t th e  s ta tu s  o f  S U S Y  s e a rc h e s  
a t D 0  w ith  e m p h a s is  on th e  s o -c a lle d  “g o ld e n  m o d e ” o f  tri-le p to n  s ig n a tu re s  o f m S U G R A  S U S Y  m o d e ls .

* This work is being supported by NSERC.

T U -P 5 -7  1 7 h 0 0

S tu d y  o f  Jet F ra g m e n ta tio n  fo r th e  M e a s u re m e n t o f th e  Top M a s s  w ith  C D F , S im o n  S a b ik ,  U n ive rs ity  o f  Toronto  —  T h e  m e a s u re m e n t o f th e  to p  q u a rk  m a s s  is a  v a s t an d  im p o r­
ta n t e ffo rt in th e  C o llid e r  D e te c to r  a t F e rm ila b  c o lla b o ra tio n . A  la rg e  n u m b e r o f high e n e rg y  sc ien tis ts  w o rk  on th e  m a n y  in s tru m en ta l an d  a n a ly tica l iss u e s  in o rd e r to  im p ro ve  th is  
m e a s u re m e n t, w h ich  w ill lead  to  a  te s t o f th e  S ta n d ard  M o d e l. I w ill p re se n t an  o v e rv ie w  o f  th e  to p  m a s s  m e a s u re m e n t a n a ly s is , w h ile  k ee p in g  an  e m p h a s is  on  th e  a s p e c ts  in 
w h ich  I a m  m ost d irec tly  in vo lved . I w ill d isc u s s  h o w  th e  s tudy o f th e  fra g m e n ta tio n  o f je ts  le a d s  to  an  im p ro ved  je t  e n e rg y  c a lib ra tio n , w h ich  is c rucia l to  a  p re c is e  d e te rm in a tio n  
o f th e  to p  q u a rk  m a ss .

T U -P 5 -8  1 7 h 1 5

O b s e rv a tio n  o f  a  IS I= 1  B a rvo n  S ta te  a t a  M a s s  o f 1 .5 2 8 ~ G e V  in Q u a s i-re a l P h o to p ro d u c tio n , K e n  G a r r o w , H E R M E S  C o lla b o ra tio n /T R IU M F  —  T h e  p red ic tio n s  fo r exo tic  baryon  
s ta te s  consis ting  o f a  fiv e  q u a rk  s tru c tu re  h a v e  e x is te d  fo r s o m e  tw o  d e c a d e s . U p  until th e  p ast c o u p le  o f y e a rs  no  e v id e n c e  o f  such  e xo tic  (uudds )  b a ryo n  c o n fig u ra tio n s  had  
b e e n  o b s e rv e d . R e c e n tly  s e v e ra l p h o toproduction  e x p e rim e n ts  an d  a n  e x p e rim e n t using th e  K+ X e  reac tion  h a v e  re p o rte d  th e  o b s erv a tio n o f  an  exo tic  b a ryon  s ta te . In th e  H E R ­
M E S  e x p e rim e n t, using q u a s i-re a l ph o to -p ro d u c tio n  on a  d e u te r iu m  ta rg e t, a  n a rro w  b a ryon  s ta te  h a s  b e e n  o b s e rv e d  in th e  p K s  ^  ρ π + π ~  d e c a y  c h a n n e l. T h e  H E R M E S  c o n ­
tribu tion  to  th e  ex is ting  w o rld ’s  d a ta  s e t o f th is  e xo tic  b a ryo n , n o w  re fe rre d  to  a s  th e  q+, is th e  m ost a c c u ra te  m a s s  d e te rm in a tio n  a nd  th e  first ind ication  o f a  fin ite  w id th .

1 7 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P6] Particle Physics II / TUESDAY, JUNE 15

(DTP/DPT) Physique des particules II MARDI, 15 JUIN
14h15 - 17h00

[ R o o m /S a l le  : W e s tm in s t e r  ] C h a ir :  M . S h e g e ls k i, U N B C
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Résumés des sessions orales

T U -P 6 -1  1 4 h 1 5

B H A S K A R  D U T T A , U n ivers ity  o f R e g in a

M in im a l S O (10) M o d e l fo r  N e u tr in o s  a n d  Its  Im p lica tio n s

T h e  m in im a l re n o rm a liz a b le  S O (1 0 )  m o d e ls  w ith  o n e  10  an d  o n e  1 2 6  H ig g s  m u ltip let is c o n s id e re d . T h e  p rim ary  goa l is to  re co n c ile  th e  C K M  C P  v io la tio n  w ith  s u cc e ss fu l neu tri­
no  p red ic tions . T h e  m ost g e n e ra l ty p e  II an d  ty p e  I s e e s a w  fo rm u la  fo r  n e u trin o  m a s s e s  th a t inc lu d e s  th e  e ffe c t o f th e  right h a n d e d  n eu trino  m a s s  m atrix  a re  u s ed . T h e  po ten tia l 
p ro b le m s  a n d  th e  so lu tio n s  a re  d isc u s se d . T h e  ty p e  I m o d e l is fo u n d  to  re q u ire  an  in te rm e d ia te  v R s c a le , w h ich  is lo w e r th a n  th e  s ta n d ard  G U T  s c a le , h o w e v e r  it is c o m p atib le  
w ith  g a u g e  c oup lin g  un ification  w h ich  h a p p e n s  a ro u n d  1 0 155 G e V  an d  it re q u ire s  a  v a lu e  o f th e  s u p e r s ym m e try  p a ra m e te r  ta n b e ta  la rg e r th a n  3 0  to  b e  c o m p atib le  w ith  th e  p re s ­
e n t n eu trino  d a ta . T h e  p h e n o m e n o lo g ic a l im p lica tions  o f both ty p e  I an d  II m o d e ls  fo r n e u trin o  m ix ings , lep ton  fla v o r v io la tio n , lep ton  e d m s  an d  lep to g e n e s is  a re  p re s e n te d .
T h e s e  p re d ic tio n s  p ro v id e  a  n e w  w a y  to  te s t th e s e  m o d e ls .

T U -P 6 -2  1 4 h 4 5

L U C  M A R L E A U , U n iv ers ite  L ava l

R e v is it in g  the  Skynm e M o d e l

P ro p o s e d  m o re  th a n  fo u r d e c a d e s  a g o , th e  S k y rm e  m o d e l w a s  re v iv ed  in th e  8 0 ’s  in th e  c o n te x t o f  th e  1 /N c e x p a n s io n  an d  m o re  recen tly , h a v e  re g a in  a tte n tio n  s in c e  it cou ld  p ro­
v id e  an  e x p la n a tio n  fo r ne w ly  d isc o v ere d  h a d ro n ic  s ta te s . A s  a  n o n -lin e a r  th e o ry  o f p ions, it p ro v id es  a n  a p p ro x im a te  d e scrip tion  o f h a d ro n ic  p hysics  in th e  lo w -e n e rg y  lim it. In 
th is  theory , th e  nu c leo n  e m e rg e s  a s  a  non  p e rtu rb a tive  so lu tion  o f th e  fie ld  e q u a tio n s , o r m o re  p re c is e ly  a s  a  so liton . It is a ls o  s e e n  a s  a  p ro to typ e  m o d e l in v a r io u s  p hysica l c o n ­
te x ts  (e .g . c o n d e n s e d  m atte r, w ra p p e d  b ra n e s ) w h e re  o n e  could e x p e c t soliton s o lu tions  to  occur. T h e  o rig in a l S k y rm e  L a g ran g ia n  is a  n a iv e  ex ten s io n  o f  th e  n o n -lin e a r  s ig m a  
m o d e l consis ting  o f a  fo u rth -o rd e r fie ld  d e r iv a tiv e s  te rm . T h is  is n o n e th e le s s  su ffic ient to  s ta b ilize  th e  soliton a g a in s t s c a le  tra n s fo rm a tio n s  an d  to  reach  a t lea s t a  3 0 %  a cc u rac y  
w ith  re s p e c t to  p hysica l o b s e rv a b le s . In o rd e r to  in co rp o ra te  e ffe c ts  d u e  to  h ig h e r-sp in  m e s o n s  an d  im p ro ve  th e  fit on m ost o b s e rv a b le s  a  n u m b e r o f a lte rn a tiv e  S k y rm e -lik e  m o d ­
e ls  w h ich  p re s e rv e d  th e  fo rm  o f th e  o rig ina l L a g ra n g ia n  w h ile  e x ten d in g  it to  h ig h e r o rd e rs  h a s  b e en  p ro p o s ed  an d  a n a ly z e d . W e  d e s c rib e  s o m e  o f th e s e  e x te n s io n s  o f th e  m odel 
a n d  s e v e ra l a tte m p ts  to  ob ta in  s in g le - a n d  m u lti-skyrm ion  so lu tions.

1 5 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé

T U -P 6 -3  1 5 h 3 0

H O W A R D  T R O T T IE R ,  S im o n  F ra s e r  U n ivers ity

P e rtu rb a tio n  T h e o ry  fo r  H ig h -P re c is io n  L a ttic e  Q C D

R e c e n t d e v e lo p m e n ts  s u g g e s t th a t la ttice  Q C D  is n o w  c a p a b le  o f fe w -p e rc e n t c a lc u la tio n s  fo r a  v arie ty  o f im p o rtan t n o n p e rtu rb a tiv e  q u a n titie s . T h e  m a in  b o ttle n e c k  s low ing  lattice  
resu lts  n o w  is a  lac k  o f h ig h -o rd e r c a lc u la tio n s  in (la ttic e ) p e rtu rb a tive  Q C D . T h is  ta lk  w ill re v ie w  th e  re ce n t b re ak th ro u g h s  in la ttice  Q C D , th e ir  im p lic a tio n s  fo r partic le  physics, 
a n d  th e  e s s e n tia l ro le  o f pe rtu rb a tio n  th e o ry  in fu tu re  p rogress .

T U -P 6 -4  1 6 h 0 0

A L A K A B H A  D A T T A , U n ivers ity  o f Toronto

G etting  C P  V io la ting  P h a se  In fo rm a tio n  fro m  b  -> d  P e ngu ins*

W e  p re s e n t a  m e th o d  to  e x tra c t C P  v io la ting  p h a s e  using b -> d  p engu in  d e c a y s . T h is  m e th o d  c an  be  u sed  w ith  m a n y  d e c a y  m o d e s  a llow ing  fo r  a  c le a n  m e a s u re m e n ts  o f  th e  
a n g le s  o f th e  un itarity  tr ia n g le . T h e  m e th o d  c an  a ls o  be  tu rn e d  a ro u n d  to  m e a s u re  n e w  C P  v io la tin g  p h a s e s  in th e  c a s e  w h e re  n e w  p hysics  a ffe c ts  on ly  th e  b -> s  p engu in  d e c a y s .

* In collaboration with D.L. David London, University of Montreal.

T U -P 6 -5  1 6 h 3 0

R A IN E R  D IC K , U n iv ers ity  o f  S a s k a tc h e w a n

T h e o re tic a l A s p e c ts  o f  U ltra -H ig h  E n e rg y  C o sm ic  R a ys

A fte r  a  b rie f re v ie w  o f  th e  e x p e rim e n ta l fa c ts , I w ill ou tlin e  th e o re tic a l a tte m p ts  to  e xp la in  th e  orig in  o f u ltra -h ig h  e n e rg y  c o sm ic  rays . T h is  w ill fo c u s  on to p -d o w n  m o d e ls  invo lving  
th e  d e c a y  o r c o llis io nal an n ih ila tio n  o f s u p e r  h e a v y  d a rk  m a tte r  partic les . T h e s e  m o d e ls  c an  be  iden tified  an d  d iffe re n tia ted  by th e ir  an is o tro p y  s ig n a tu re s , an d  (c o n tra ry  to  a  c o m ­
m on  p re ju d ic e ) d o m in a tio n  o f photon  p rim arie s  n e ed  not be  a  g e n e ric  pred ic tion  o f  to p -d o w n  m o d e ls . I w ill a ls o  ou tlin e  a  pos sib le  c o n n ec tio n  to  b lack  ho les.

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P7]

(DTP-DCMMP/
DPT-DPM CM)

Statistical Physics / 
Physique statistique

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

14h15 - 17h00

[  R o o m /S a l le  : V ic to r ia  ] C h a ir :  J . P a te ra , C R M /U .M o n tre a l

T U -P 7 -1  1 4 h 1 5

IA N  A F F L E C K , U n ivers ity  o f  British C o lu m b ia

F ie ld - In d u c e d  P h a se  T rans ition  In A n iso tro p ic  H a ld a n e  G ap A n tife rro m a g n e tic  C ha ins*

In te g e r  spin  a n tife rro m a g n e tic  c h a in s , w h ich  e xh ib it th e  H a ld a n e  g a p , u n d e rg o  a  z e ro  te m p e ra tu re  p h a s e  trans ition  a t a  critical m a g n e tic  fie ld  a t w h ich  th e  Z e e m a n  e n e rg y  e q u a ls  
th e  H a ld a n e  g a p . T h is  tra n s itio n  w a s  sh o w n  to  co rres p o n d  to  B o s e  c o n d e n s a tio n . In th is  s e m in a r  I w ill d isc u s s  th is  trans ition  in th e  p re s e n c e  o f a n is o tro p ic  e x c h a n g e  in te rac ­
tio n s  w h ich  c h a n g e  th e  trans ition  to  Ising ty p e . T h e  b e h a v io r  o f th e  e n e rg y  an d  w id th  o f v a rio u s  e xc ita tio n s  w ith  fie ld  w ill be  a n a ly s e d  using fie ld  theory , e x a c t in tegrab ility  and  
re n o rm a liza tio n  g ro u p  te c h n iq u e s .

* In collaboration with F.H.L. Essler, Oxford University

T U -P 7 -2  1 4 h 4 5

IG O R  H E R B U T , S im o n  F ra s e r  U n ivers ity

T h e o ry  o f  U n d e rd o p e d  C u p ra tes  a s  S tro n g ly  F lu c tu a tin g  d -W a ve  S u p e rco n d u c to rs

I w ill d iscuss  th e  g e n e ra l th e o ry  o f tw o  d im e n s io n a l d -w a v e  s u p erc o n d u c to rs  su b jec t to  s trong q u a n tu m  p h a s e  flu c tu a tio n s . S u ch  flu c tu a tio n s  a r is e  d u e  to  C o u lo m b  repu ls ion  n e a r  
half-filling  in d o p e d  M o tt insu lator, a n d  o n e  m a y  e x p e c t th e  th e o ry  to  d e s c rib e  th e  u n d e rd o p e d  h ig h -te m p e ra tu re  s u p erc o n d u c to rs  a t lo w  te m p e ra tu re s . T h e  b e h a v io r  o f superflu id
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d e n s ity  a t both z e ro  a n d  fin ite  te m p e ra tu re s  w ill b e  a d d re s s e d , in pa rticu la r th e  v a n is h in g  o f its s lo p e  a t lo w  te m p e ra tu re s  d u e  to  a  s trong c h a rg e  re n o rm a liza tio n , o n e  o f th e  key  
pre d ic tio n s  o f th e  theory . In th e  spin  sec to r, th e  th e o ry  le a d s  to  an  in trica te  in c o m m e n s u ra te -c o m m e n s u ra te -in c o m m e n s u ra te  spin  re s p o n s e  w ith  c h a n g e  o f e n erg y , a nd  s h e d s  
n e w  light on th e  fa m o u s  41 m e V  re s o n a n c e  in th e  s u p e rc o n d u c tin g  s ta te . D e ta ile d  c o m p aris o n  w ith  th e  m e a s u re m e n ts  on u n d e rd o p e d  Y B C O  w ill be  d isc u s se d .

References: I. Herbut, Phys. Rev. Lett. 88, 047006 (2002); Phys. Rev. B 66, 094504 (2002); I. Herbut and D. Lee, Phys. Rev. B  68, 104518 (2003).

1 5 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé

T U -P 7 -3  1 5 h 3 0

M A S A K I O S H IK A W A , Tokyo  Institu te  o f Tech n o lo g y

J u n c tio n s  o f  Three  Q uan tum  W ires a n d  th e  D iss ip a tive  H o fs ta d te r  M o d e l

A ju n c tio n  o f th re e  q u a n tu m  w ire s  en clo s in g  a  m a g n e tic  flux  is s tu d ied . E a c h  w ire  c o n ta in s  a  o n e -d im e n s io n a l T o m o n a g a -L u ttin g e r liquid o f s p in le s s  e le c tro n s . U n lik e  th e  junc tion  
o f tw o  w ire s , w h ich  h a s  b e e n  w e ll u n d e rs to o d , F e rm i s ta tis tics  o f e le c tro n s  h a s  n on -triv ia l c o n s e q u e n c e s  fo r th e  p re se n t p ro b le m . W e  p re se n t a  d irec t c o n n ec tio n  b e tw e e n  this  
p ro b le m  an d  th e  d iss ip a tive  H o fs ta d te r  p ro b le m , o r  q u a n tu m  B ro w n ian  m otion  in tw o  d im e n s io n s  in a  p eriod ic  po ten tia l an d  a n  e x te rn a l m a g n e tic  fie ld , w h ich  is a ls o  re la te d  to  
o p e n  string th e o ry  in a  b a ck g ro u n d  e le c tro m a g n e tic  fie ld . W e  find non -triv ia l fixed  points co rres p o n d in g  to  a  ch ira l c o n d u c ta n c e  tensor. It im p lies  an  a s y m m e tr ic  flo w  o f th e  cur­
rent.

*  In co lla b o ra tio n  w ith  C . C h a m o n  1 an d  I. A f f le c k 2 , 1 B os ton  U n ivers ity  an d  2 U n ivers ity  o f British C o lu m b ia .

T U -P 7 -4  1 6 h 0 0

A N D R É -M A R IE  T R E M B L A Y , U n iv ers ité  d e  S h e rb ro o k e  

Two W ays To D e s tro y  A  F e rm i L iq u id

T h e  F e rm i liquid c o n c e p t is a t th e  b as is  o f m uch  o f o u r u n d e rs tan d in g  o f S o lid  S ta te  P h ys ics . I w ill briefly  re v ie w  th e  m a in  p ro p e rtie s  o f a  F e rm i liquid an d  s h o w  th a t both e lec tron  
a n d  h o le -d o p e d  h ig h -te m p e ra tu re  s u p erc o n d u c to rs  n e a r  th e ir  p a ren t insu la ting  p h a s e  a re  not F e rm i liquids. M a n y  p ro b e s , an d  e s p e c ia lly  p h o to em is s io n , re v e a l th e  e x is te n c e  o f a  
“p s e u d o g a p ”. I w ill a rg u e  th a t th e re  a re  tw o  w a y s  to  d e s tro y  a  F e rm i liquid. A  s tro n g - a n d  a  w e a k -c o u p lin g  w ay . T h e  la tte r is m uch b e tte r  u n d e rs to o d  a n d  a p p lie s  to  e le c tro n -  
d o p e d  h ig h -te m p e ra tu re  s u p erc o n d u c to rs . O n e  c an  e v e n  u n d e rs tan d  th e  orig in  o f d -w a v e  su p erc o n d u c tiv ity  in th is  limit.

T U -P 7 -5  1 6 h 3 0

Y V A N  S A IN T -A U B IN , U n iv e rs ité  d e  M o n tré a l

B e h a v io r  o f  the  T w o -D im e n s io n a l Is in g  M o d e l a t  the  B o u n d a ry  o f  a H a lf- In fin ite  C y lin d e r*

T h e  tw o -d im e n s io n a l Is ing  m o d e l is s tu d ied  a t th e  b o u n d a ry  o f a  ha lf-in fin ite  cylinder. T h e  th re e  re g u la r  la ttices  (s q u a re , tr ia n g u la r  a n d  h e x a g o n a l) an d  th e  th re e  re g im e s  (s u b -, 
s u p e r- an d  c ritica l) a re  d isc u s se d . T h e  p robability  o f h av ing  p rec ise ly  2n  sp in flip s  a t th e  b o u n d a ry  is c o m p u te d  a s  a  func tion  o f  th e  pos itions  k i ‘s , i  =  1, . . . ,  2n, o f  th e  spin flips.
T h e  limit w h e n  th e  m e sh  g o e s  to  z e ro  is o b ta in e d . F o r th e  s q u a re  lattice , th e  p robability  o f h av ing  2n  sp in flips, in d e p e n d e n tly  o f th e ir  position , is a ls o  c o m p u te d . T h e s e  resu lts  a re  
o b ta in e d  a s  c o n s e q u e n c e s  o f  O n s a g e r ’s  solu tion  a n d  a re  rigorous. In  th e  s p ec ia l c a s e  o f  p rec ise ly  4  sp in flips, w e  u s e  c o n fo rm a l fie ld  th e o ry  to  g ive  a  pred ic tion  fo r th e  fo llow ing  
probability . Let θ 1, θ 2, θ 3 an d  θ 4 b e  th e  pos itions  o f  th e  flips  a lo n g  th e  bo u n d ary . W e  g ive  th e  p ro b a b ility  d istribution  th a t th e  c o n to u r lea v in g  θ 1 e n d s  a t θ 2 in s tea d  th a n  a t θ 4. 
T h e  b e h a v io r  o f th is  func tion  w h e n  θ 2 _  θ 1 ^  0  is d e s c rib e d  by a  p o w e r la w  w ith  a n  e x p o n e n t 3) th a t b e lo n g s  to  th e  K a c  ta b le  but th a t c o rre s p o n d s  to  a  n o n -u n ita r iz a b le  h igh - 
e s t-w e ig h t re p re s e n ta tio n . W e  c h e c k  th a t th is  pred ic tion  a g re e s  w ith  a  M o n te -C a rlo  s im u la tion .

* In collaboration with L.P Arguin 1 and H. Aurag 2, 1 Princeton University and 2CAE.

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P8]

(D IM P/DP/M )

General Measurement Physics / 
Physique des mesures générales

TUESDAY, JUNE 15 
MARDI, 15 JUIN 

14h15 - 16h45

[ R o o m /S a l le  : K ild o n a n  ] C h a ir :  A . M a n d e lis ,  U .T o ro n to

T U -P 8 -1  1 4 h 1 5

M IC H A E L  C .  K O L IO S , R y e rs o n  U n ivers ity

M ic ro m e te r P a rtic le  S iz in g  U s in g  H igh  F re q u e n c y  U ltra s o u n d  w ith  B io lo g ic a l A p p lica tio n s

H igh  fre q u e n c y  u ltrasoun d  im ag in g , using  fre q u e n c ie s  in th e  ra n g e  o f  2 0 -6 0 M H z  an d  th u s  o ffering  b e tte r  reso lu tion  th a n  c o n ve n tio n a l u ltrasoun d  (1 -1 0 M H z ) ,  h a s  fo u n d  a p p lic a ­
tio n s  in s m all a n im a l im ag in g  a n d  th e  im ag in g  o f  su p erfic ia l h u m a n  tu m o rs . R e c e n t w o rk  h a s  sh o w n  th a t u ltrasoun d  p a ra m e tric  im a g e s  b a se d  on th e  fre q u e n c y  d e p e n d e n c e  o f 
u ltrasoun d  b a c k s c a tte r  c an  b e  u sed  to  d iffe re n tia te  b e tw e e n  n o rm a l a n d  tu m o r t is su e , a n d  a ls o  b e tw e e n  d iffe ren t tu m o rs  ty p e s . W e  h a v e  fo u n d  u ltrasoun d  b a c k s c a tte r  to  in c re a s e  
w ith  cell d e a th  (d u e  to  c h e m o th e ra p e u tic  e x p o s u re  o r isc h e m ic  in jury) a t th e s e  fre q u e n c ie s , h o w e v e r th e  m e c h a n is m s  re sp o n s ib le  fo r th e  in c re a s e  a re  not w e ll u n d e rs to o d . In 
o rd e r to  b e tte r u n d e rs tan d  th e  p hysics  o f th e  in te rac tio n s  b e tw e e n  u ltrasoun d  a n d  partic les  in th e  m irc o m e te r  ra n g e  (such  a s  e u k a ry o tic  ce lls ), w e  h a v e  e x a m in e d  th e  u ltrasoun d  
b a c k s c a tte r  fro m  2-100 m ic ro m e te r  d ia m e te r  p o ly s ty re n e  m icro s p h e res . P o ly s ty re n e  m ic ro s p h e re s  can  s u p p o rt s h e a r  w a v e s , prov id ing  re s o n a n c e  rich s p e c tra  fo r th e  ka v a lu e s  o f  
in te res t, a s  p red ic ted  by a c o u s tic  re s o n a n c e  spec tro s co p y . W e  s h o w  th a t using th e  b ro a d b an d  p u ls es  u sed  fo r  im ag in g  a n d  by a n a ly z in g  th e  b a c k s c a tte r  fro m  po ly s ty re n e  
s p h e re s  w e  c an  d e te c t th e  re s o n a n c e s  p re d ic te d . G ra d ie n ts  o f  1 0 d B /M H z  w e re  m e a s u re d , in goo d  a g re e m e n t w ith  theory . W h e n  th e  m ic ro s p h e re s  a re  e m b e d d e d  in cell pe lle ts  
u sed  to  e m u la te  tis su e s , th e  re s o n a n c e s  cou ld  still be  o b s e rv e d . F u rth e rm o re , w e  a re  inves tigating  te c h n iq u e s  using a c o u s tic  m irrors  to  n e a r-s im u lta n e o u s ly  m e a s u re  th e  fo r­
w a rd -s c a tte r  an d  b a c k s c a tte r  fro m  th e s e  partic les . T h is  a llo w s  us  to  c o m p a re  th e  s ig n a ls  w ith  th e  th e o re tic a l v a lu e s  a n d  ob ta in  a c c u ra te  m e a s u re m e n ts  o f p artic le  s iz e  n o n -in v a -  
sively .

T U -P 8 -2  1 4 h 4 5

A C a p a c ita n c e -B a s e d  D e te c to r  fo r M o n ito rin g  B u m b le b e e s , J e n n ife r  M . C a m p b e ll1, R a n d y  L. H a r p e r 1, D o u g la s  C . D a h n  1 an d  D a n ie l R y a n  2 , 1 D e p a rtm e n t o f  P h ys ics  an d  
2 D e p a rtm e n t o f  M a th e m a tic s  an d  S tatistics , U n ive rs ity  o f  P rin ce  E d w a rd  Is la n d  —  W e  h a v e  d e v e lo p e d  a  n e w  m e th o d  fo r  d e te c tin g  a n d  m on ito ring  th e  fo ra g in g  a ctiv ities  o f b e es . 
A  s m all s e n s o r is p lac e d  in fron t o f th e  o p e n in g  to  a  b e e h iv e . B e e s  p a ss  b e tw e e n  a  s e t o f e le c tro d e s , an d  a re  d e te c te d  using a  lo w -v o lta g e  h ig h -freq u e n c y  circuit th a t re s p o n d s  to  
th e  resu lting  c h a n g e  in th e  e le c trica l c ap a c ita n c e . T h is  p o s te r d e s c rib e s  th e  sen s o r, lab o ra to ry  te s ts  o f th e  s y s te m , an d  p re lim in a ry  fie ld  tr ia ls  w ith  b u m b le b e e s  (B o m b u s  
im p a tie n s ). T h e  s e n s o r h a s  s ig n ifican t a d v a n ta g e s  o v e r  ex is ting  b e e  activ ity  m o n ito rs  b a se d  on op tica l d e te c tio n , s uch  a s  th e  ab ility  to  d istingu ish  b e tw e e n  insec ts  o f d iffe ren t 
s iz e s . It c an  a ls o  be  u sed  to  d e te rm in e  th e  d irec tion  (in o r  o u t), an d  th e  v e loc ity  o f a  b e e . W e  e x p e c t it to  be  a  v a lu a b le  too l fo r re s e a rc h e rs  s tudy in g  b e e s  a s  po llinato rs  o f c o m ­
m e rc ia lly  im p o rtan t a g ric u ltu ra l c rops.

1 5 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé
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T U -P 8 -3  1 5 h 3 0

H A N S  D . H A L L E N , N orth  C a ro lin a  S ta te  U n ivers ity

E le c tric  F ie ld  E ffe c ts  in N a n o sca le  R a m a n  S p e c tro sco p y

T h e  n a n o s c a le  m e ta l o b je c t locally  c o n c e n tra te s  th e  e le c tric  fie ld . A s  th e s e  e v a n e s c e n t fie ld s  d e c a y  on  a  n a n o m e te r  le n g th -s c a le , s trong fie ld  g ra d ie n ts  a re  p ro d u c ed . T h e s e  g ra ­
d ien ts  h a v e  pro fou nd  e ffe c ts  on th e  R a m a n  s p e c tra  o f s a m p le s  w ith in  th e m , lea d in g  to  a  “G ra d ie n t-F ie ld  R a m a n ” (G F R )  e ffe c t. It le a d s  to  n e w  s e le c tio n  ru les  fo r s u rfa ce  
e n h a n c e d  R a m a n  s p ec tro s co p y  (S E R S ) ,  an d  a ls o  to  d iffe re n c e s  b e tw e e n  fa r-fie ld  a n d  n e ar-fie ld  R a m a n  s p ec tro s co p y  m e a s u re d  w ith  a  m e ta l-a p e rtu re d  n e a r-fie ld  op tica l m icro ­
s c o p e  (N S O M ) . W e  d e s c rib e  h o w  a  strong  g ra d ie n t o f th e  e le c tric  fie ld  c an  a lte r  th e  R a m a n  s p e c tra , a n d  in ve s tig a te  its im p lic a tio n s  on s e le c tio n  ru les . H euris tica lly , th e  fie ld  g ra ­
d ien t c a u s e s  th e  C o u lo m b  fo rc e  on a  p o la rize d  bond to  v a ry  during  th e  v ib ra tio n , prov id ing  a  n e w  couplin g  m e c h a n is m  b e tw e e n  th e  fie ld  an d  th e  v ib ra tio n . T h e s e  s e le c tio n  ru les  
d iffe r m a rk e d ly  fro m  th e  u s u a l R a m a n  s e le c tio n  ru les , a n d  a llo w  R a m a n -lik e  o b s erv a tio n  o f  s trong IR  (no t norm ally  R a m a n ) v ib ra tio n s . T h e  p re s e n c e  o f th e  m e ta l p ro b e  n e a r  th e  
R a m a n -e m itt in g  d ip o le  a ls o  c a u s e s  p las m o n s  to  be  c re a te d  on th e  tip . W e  s h o w  e v id e n c e  o f  th is  by tra ck in g  R a m a n  em is s io n  a s  a  func tion  o f N S O M  tip -s a m p le  d is tan c e .

T U -P 8 -4  1 6 h 0 0

T h e o re t ic a l E s tim a te s  o f  th e  S o lid  A n g le  S u b te n d e d  by a  D u a l D ia p h ra g m -D e te c to r  A s s e m b ly  fo r A lp h a  S o u rc e s , E d u a r d o  G a l i a n o 1 a n d  J. A g u ia r2, 1 L a u re n tia n  U n ive rs ity  and  
2 C o m is io n  N a c io n a l d e  E n e rg ia  A to m ic a  —  A  vertic a lly  o r ien ted , d u a l o p p o s e d , d ia p h ra g m -d e te c to r  a s s e m b ly  h a s  b e e n  built fo r  th e  c a lib ratio n  o f c ircu lar, p lan ar, α  em itting  
ra d io a c tive  s o u rce s . K n o w le d g e  o f th e  solid  a n g le  s u b te n d e d  by th e  d ia p h ra g m -d e te c to r  a s s e m b ly  is e s s e n tia l fo r th e  d e te rm in a tio n  o f th e  a b s o lu te  activ ity  o f th e  s o u rc e s . To  
a c c u ra te ly  d e te rm in e  th e  s u b te n d e d  solid  a n g le , th e  d ia p h ra g m  d ia m e te r  r , th e  s o u rc e  to  d ia p h ra g m  d is ta n c e  d ,  a n d  th e  s o u rc e  d ia m e te r  x ,  m ust a ll be  kn o w n  w ith  an  a c c u ra c y  at 
lea s t e q u a l to  th a t o f th e  d e s ire d  a c c u ra c y  fo r th e  solid  a n g le . T h e  a d v a n ta g e  o f th is  g e o m e try  w ith  re sp e c t to  a  c o n ve n tio n a l s in g le  d e te c to r  is th a t fo r  a  g ive n  s o u rce  to  
d ia p h ra g m  d is tan c e , th e  g e o m e tr ic  e ffic ien cy  is d o u b le d  w ith  an  im p ro v e m e n t in s ta tistics . In th is  w o rk , th e  in flu e n ce  o f th e  g e o m e tr ic  p a ra m e te rs  r, d, an d  x, on th e  s u b te n d ed  
solid  a n g le  a re  in ve s tig a ted . E x p re s s io n s  pu b lish ed  by S e g re , R uby , a n d  o th e rs , an d  th e  M o n te  C a rlo  m e th o d , a re  u s e d [1 2 3 ]. T h e  a n a ly tica l e x p re s s io n s  consis ten tly  p roduced  
h ig h e r e s t im a te s  th a n  th e  M o n te  C a r lo  m e th o d  fo r th e  s u b te n d e d  solid  a n g le .

1. Burtt, B.J., 1949. Absolute beta counting. Nucleon ics  5, 28.
2. Segre, E., 1959. Experim enta l Nuclear Physics, Vol III. pp. 435-438.
3. Ruby, L., 1995. Further comments on the geometrical efficiency of a parallel disk-source and detector system. Nucl. Instr. & Meth. Phys. Res. A. 337, 531-533.

T U -P 8 -5  1 6 h 1 5

T h e  Q u a n tu m  O rig in s  o f th e  N M R  S ig n a l: a  P a ra d ig m  fo r F a ra d a y  In d u c tio n , D a v id  H o u lt ,  In s titu te  fo r  Bo d iag nos tics , N a tio n a l R e se a rch  C o u n c il —  S in c e  D ic k e ’s  c la s s ic  1 9 5 4  
pa p er, th e  pu lsed  N M R  s ign al (F ID ) fro m  a  s im p le  tw o -le v e l q u a n tu m  s y s te m  (p ro to n s) h a s  fo r m ost physic ists  b e en  e x p la in e d  by c o h e re n t s p o n ta n e o u s  e m is s io n  (C S E , i.e .  radio  
w a v e s ) .  L ik e w is e , spin  no ise  is s u p p o s ed ly  c a u s e d  by h ig h -Q  tu n e d  c irc u it-e n h a n c e d  s p o n ta n e o u s  e m is s io n . E le c trica l e n g in e e rs  d is a g re e , but a re  b e a te n  into subm is s io n  by th e  
“big g u n ” o f q u a n tu m  m e c h a n ic s . H o w e v e r, w e  h a v e  p e rfo rm ed  c are fu l e x p e rim e n ts  w h e re  th e  F ID  w a s  1 0 0  x C S E ’s p re d ic tio n s  a n d  spin  no is e  w a s  e as ily  d e te c te d  w ith  a  c ircuit 
o f Q -fa c to r  ~ 1 . W e  h a v e  m a d e  little p ro g re ss  in fo rm u la tin g  a  full q u a n tu m  theory , but in te res tin g  insights  a n d  ph iloso phy  h a v e  e m e rg e d . F a ra d a y  induction  e x p la in s  th e  resu lts , 
but in a n  op e n  circuit it ta k e s  no  e n e rg y  a nd  so  a n y  invo lved  pho to n s  can  tra n s fe r  no  e n e rg y  (c .f. H e is e n b e rg  on  B o h r’s  a to m ic  th e o ry ). M e a s u rin g  th e  F ID  w ith  a  v o ltm e te r  n e e d s  
a n d  m ust c a u s e  (h o w ? ) d irec te d  e n e rg y  to  flo w  th roug h  s p a c e  fro m  nuc le i to  c o nducto r. N o w  e m is s io n  o f re a l ph o to n s  fro m  an  o b je c t m ov ing  a t re la tiv is tic  s p e e d s  b u n c h e s  fo r­
w a rd s  (h e a d lig h t e ffe c t). T h e  e le c tric  fie ld  fro m  a  c h a rg e  m ov ing  s im ilarly  (th e  g e n e s is  o f m a g n e tic  fie ld s  an d  F a ra d a y  induction ) b u n c h e s  p e rp e n d ic u la r  to  th e  m otion  -  a s  do  p h o ­
to n s  e m itte d  w ith  no e n e rg y  but m o m e n tu m  (s a m e  fo rm u la ): e v id e n c e  th a t th e  N M R  F ID  (a n d  by e x ten s io n  F a ra d a y  induction ) is c a u s e d  by an  e x c h a n g e  o f v irtua l pho tons, not 
C S E . P le a s in g ly , by th e  U n c e rta in ly  P rin c ip le  s uch  v irtua l pho to n s  c an  tra v e l o f  th e  o rd e r o f a  w a v e le n g th  -  e xa c tly  an  e n g in e e r ’s  criterion  fo r  d is tingu ish ing  b e tw e e n  induction  and  
rad io  w a v e s .

T U - P 8-6 1 6 h 3 0

M o d u la tio n  o f P artia l In te rn a l R e fle c tio n  a t an  O p tic a l In te rfa c e * , A n n e  L ip ta k ,  M .A . M o s s m a n , L .A . W h ite h e a d , U n ive rs ity  o f  B ritish  C o lum b ia  —  F ru s tra ted  to ta l in te rn a l re flec ­
tion  (F T IR )  is th e  w e ll know n  p h e n o m e n a  in w h ich  th e  e le c tro m a g n e tic  e n e rg y  in th e  T IR  e v a n e s c e n t w a v e  is d e p le te d  an d  th e  d e g re e  o f re flec tion  is th e re fo re  re d u c e d . F o r  
e x a m p le , m oving  an  a b so rb in g  m e d iu m  into a n d  out o f  th e  s u b -m icro n  e v a n e s c e n t w a v e  reg ion  c an  c h a n g e  th e  in te rfa c e  fro m  be in g  highly a b so rp tiv e  to  h ighly re flec tive; a  useful 
e ffe c t, particu la rly  g iven  th e  v ery  sm all m otion  re q u ire d . It h a s  g e n e ra lly  b e e n  a s s u m e d  th a t such  highly s e n s itive  re flec tion  contro l is lim ited  to  th e  c a s e  o f T IR . To o u r s u rp rise , 
w e  h a v e  e s ta b lis h e d  th a t an  a n a lo g o u s  e ffe c t c an  occur in th e  c a s e  w h e re  th e  in c id en t a n g le  o f light is c lo s e  to , but not b e yo n d  th e  critical a n g le  an d  w h e re  th e re  is th e re fo re  only  
partia l in te rn a l re flec tion  (P IR ) w ith in  th e  m e d iu m . E ve n  th o u g h  th e  s ta n d ard  E M  tre a tm e n t o f  th is  c a s e  in c lu d e s  no  e v a n e s c e n t w a v e , w e  find th a t m oving  an  a b s o rb e r into and  
ou t o f th e  s u b -m icro n  reg ion  n e a r th e  in te rfa c e  d o e s  c a u s e  m o du la tion  o f re flec tion . In th is  c a s e , th e  s u b -m icro n  d im en s io n  is re la te d  to  th e  c o h e re n c e  leng th  o f b ro a d b a n d  light, 
ra th e r  th a n  th e  m e a n  d e p th  o f  th e  e v a n e s c e n t w a v e , but th e s e  a re  s im ilar. T h e  p re se n ta tio n  w ill fo c u s  on a  key  pos sib le  app lic a tio n  - f la s h in g  th e  re fle c ta n c e  o f a  po ly m e ric  c o rn e r  
c u b e  re tro re fle c tive  consp icu ity  film  to  im p ro ve  tra ffic  s a fe ty  on rura l h ig h w ay s . P IR  m o d u la tio n  is im p o rtan t fo r a  d isp lay  using c o rn e r-c u b e  b a se d  re tro refle c to rs , b e c a u s e  th e  
cond ition  for T IR  is g e n e ra lly  not m e t on a ll th re e  fa c e ts  w h e n  e le c tro p h o re tic  contro l m e a n s  a re  u sed  to  m o d u la te  re flec tion .

* This work is being supported by NSERC/3M Company.

1 6 h 4 5 S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P9]

(DAMP/DPAM)

A t o m i c  a n d  M o l e c u l a r  S p e c t r o s c o p y  a n d  D y n a m i c s  I I  /  

Spectroscopie et dynamique atomique et moléculaire II
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
14h15 - 17h00

[ R o o m /S a l le  : C o lb o u r n e  ] C h a ir :  W. v a n  W ijn g a a rd e n , Y o rk  U.

T U -P 9 -1  1 4 h 1 5

G O R D O N  W .F  D R A K E , U n ivers ity  o f W in d s o r

E x o tic  N u c le a r S ize  M e a su re m e n ts  fro m  H ig h  P re c is io n  A to m ic  T h e o ry

R e c e n t a d v a n c e s  in high p rec is ion  a to m ic  th e o ry  h a v e  o p e n e d  th e  w a y  to  th e  c rea tio n  o f  a  n e w  too l for th e  m e a s u re m e n t o f th e  n u c lea r c h a rg e  ra d iu s  fro m  th e  m e a s u re d  iso tope  
shift. T h e  un iq u e  a d v a n ta g e  o f th e  m e th o d  is th a t it c an  be  a p p lie d  to  sh o rt-lived  e xo tic  s p e c ie s  such  a s  th e  neu tro n -rich  iso to p e s  h e liu m -6 an d  lith iu m -11 . T h e  m e th o d  re lie s  on  
high p rec is ion  c a lc u la tio n s  o f a to m ic  trans ition  fre q u e n c ie s , includ ing  re la tiv is tic  a n d  q u a n tu m  e le c tro d y n a m ic  e ffe c ts , s uch  th a t res idua l u n c erta in tie s  a re  sm all c o m p a re d  w ith  th e  
n u c le a r  v o lu m e  shift. T h e  c u rren t s ta tu s  o f  th e o ry  w ill be  re v ie w e d , to g e th e r  w ith  th e  p ro g re ss  o f e x p e rim e n ts  a t A rg o n n e , T R IU M F , an d  G S I.

T U -P 9 -2  1 4 h 4 5

P .W . Z E T N E R , U n ivers ity  o f M a n ito b a

P ro g re s s  in the  In ve s tig a tio n  o f  E le c tro n  C o llis io ns  w ith  L a s e r  E x c ite d  A to m s

T h e  history o f  e le c tro n  - a to m  sca tte rin g  s tu d ies  is a  long o n e , da ting  b a c k  to  th e  F ra n c k  -  H e r tz  e x p e rim e n t c arried  ou t e arly  in th e  tw e n tie th  century. T h e  m e a s u re m e n t an d  c a l­
cu la tio n  o f c ro ss  s e c tio n s  for v a r io u s  collis ion p ro c e s s e s  h a s  b e en  th e  p rim ary  fo c u s  o f th e s e  s tu d ies  not on ly  b e c a u s e  o f th e ir in trinsic  sc ien tific  v a lu e  but a ls o  for the ir practica l 
utility in th e  m ode lling  o f  p la s m a  s y s te m s . In th e  p ast 2 5  y e a rs , e x p e rim e n ta l te c h n iq u e s  a n d  c a lc u la tio n a l m e th o d s  h a v e  d ra m a tic a lly  im p ro ve d  an d  n e w  insights  into th e  fu n d a ­
m e n ta l p hysics  o f th e  e le c tro n  - a to m  c o llis io nal in te rac tion  h a v e  e m e rg e d . A  particu la r e m p h a s is  h a s  b e en  p lac e d  on d e fin in g , a s  c o m p le te ly  a s  po ssib le , th e  initial a n d  fina l 
q u a n tu m  s ta te s  o f a  particu la r collis ion p ro c es s . In th is  ta lk , I w ill d iscuss  a to m ic  ta rg e t p re p ara tio n  by las e r exc ita tio n  a s  a  m e a n s  to  acc o m p lis h  th is  q u a n tu m  s ta te  s e le c tio n  for 
s tu d ies  o f e le c tro n  im p act exc ita tio n  /  d e -e x c ita tio n , ion izatio n  - exc ita tio n  a n d  e la s tic  s ca tte rin g . In s o m e  in s tan c e s , las e r p re p ara tio n  is su ffic ien t to  c o m p le te ly  c h a ra c te r iz e  th e  
d y n a m ic a lly  re le v a n t q u a n tu m  n u m b e rs . G en e ra lly , e v e n  w h e n  a  full c h a ra c te r iza tio n  is not a c h ie v e d , th e  s e lectiv ity  a ffo rd e d  by laser exc ita tio n  o f an  a to m ic  collis ion  ta rg e t in tro ­
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d u c e s  an  e x p a n d e d  s e t o f sca tte rin g  o b s e rv a b le s  w h ich  c an  p rov id e  d e e p e r  insight into th e  collis ion p ro c es s  an d  fu rn is h e s  a  m o re  d e m a n d in g  te s t o f s ca tte rin g  th e o rie s . S o m e  o f 
th e s e  “d e e p e r  insights” w ill be  p re s e n te d  a lo n g  w ith  re fe re n c e s  to  re ce n t th e o re tic a l im p ro v e m e n ts  m o tiv a ted  by th e  m e a s u re m e n ts .

1 5 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé

T U -P 9 -3  1 5 h 3 0

A b  Initio D e te rm in a tio n  o f M o le c u la r  P a ra m e te rs  fo r E th a n e -lik e  M o le c u le s . J .R . C o o p e r 1, L .-H . X u  2 a n d  N . M o a z z e n -A h m a d i1, 1 U n ive rs ity  o f  C a lg a ry  a n d  2 U n iv ers ity  o f N e w  
B ru n s w ic k  —  A  n e w  m e th o d  h a s  b e en  d e v e lo p e d  fo r th e  a b  initio d e te rm in a tio n  o f  s e v e ra l v ib ra tio n -to rs io n -ro ta tio n a l s p ec tro s co p ic  p a ra m e te rs  fo r  a  s ym m e tric  to p  m o lec u le  w ith  
a n  in te rna l rotor. In co n tra st to  ex is ting  m e th o d o lo g ie s [1,2] w h ich  e m p lo y  v ib ra tio n a l c o n ta c t tra n s fo rm a tio n s  e ith e r  n u m e ric a lly  o r a lg e b ra ic a lly , th e  p re se n t m o d e l tre a ts  th e  m o le ­
c u le  a s  v ib ra tio n a lly  s ta tic  but w ith  a  d e n s ity  d istribution  c h ara c te ris tic  o f th e  v ib ra tio n a l w a v e fu n c tio n . T h e  s e c o n d -o rd e r ro ta tio n a l c o n stan ts  A  a n d  B  a n d  to rs io n al c o n stan t F, 
distortion  p a ra m e te rs  D j , D K a n d  D jK, a n d  to rs io n a l d istortion  p a ra m e te rs  D m, D jm, a nd  D Km h a v e  b e en  d e te rm in e d  fo r a  s e r ie s  o f e th a n e -lik e  m o le c u le s  fro m  th e  resu lts  o f a b  ini­
tio  c a lc u la tio n s  d o n e  a t th e  C C S D (T )  lev e l. T h e  te c h n iq u e  h a s  b e en  a p p lie d  to  th e  m o le c u le s  C H 3C H 3, C H 3C D 3, C D 3C D 3, a n d  C ^ S i ^  w ith  v e ry  p rom is ing  resu lts . P re lim in ary  
resu lts  fo r th e  po te n tia l c o n stan ts  F 3 J a n d  F 3 K a re  a ls o  in e x c e lle n t a g re e m e n t w ith  g lo b a l fit v a lu e s .

1. Y-B. Duan, L. Wang, X.T. Wu, I. Mukhopadhyay, and K. Takagi, J. Chem. Phys. 111, 2385 (1999).
2. T.J. Lukka and E. Kauppi, J. Chem. Phys. 103, 6586 (1995).

T U -P 9 -4  1 5 h 4 5

R o ta tio n a l S p e c tra , C o n fo rm a tio n a l S tru c tu re s  a n d  D ip o le  M o m e n ts  o f Th io d ig lvco l by J e t-C o o le d  F T M W  a nd  A b  In itio  C a lc u la tio n s , L iH o n g  X u  1, Q ia n g  Liu 1, R .D . S u e n ra m  2,
F .J. L o v a s 2, A .R . H ig h t W a lk e r2, J .O . J e n s e n  3 a n d  A .C . S a m u e ls 3, 1 P h y s ic a l S c ie n ce s  D e pa rtm en t, U n ive rs ity  o f  N e w  B ru n s w ic k ; 2O p tic a l Te ch n o lo g y  D iv is ion , N a tio n a l Institu te  
o f S ta n d a rd s  an d  T e ch n o lo g y  a n d  3 P a s s iv e  S ta n d o ff D e te c t io n , E d g e w o o d  C h e m ic a l an d  B io logy C e n te r  —  T h e  ro ta tiona l s p e c tra  o f th re e  lo w -e n e rg y  c o n fo rm e rs  o f th iod ig lyco l 
(T D G ) (H O C H 2C H 2S C H 2C H 2O H ) h a v e  b e e n  m e a s u re d  in a  m o le c u la r  b e a m  using a  p u ls e d -n o z z le  F o u rie r-tra n s fo rm  m ic ro w a v e  s p e c tro m e te r. To d e te rm in e  th e  likely c o n fo rm a ­
tio n a l s tru c tu res  w ith  a b  initio a p p ro a c h , c o n fo rm a tio n a l s tru c tu res  o f 2 -(e th y lth io )e th a n o l (H O E E S )  (C H 3C H 2S C H 2C H 2O H ) w e re  u sed  a s  s tarting  po in ts  to g e th e r  w ith  th e  c o n s id e r­
a tion  o f  possib le  in tra m o le c u la r hy d ro g en  b ond ing  in T D G . T h re e  lo w e r e n e rg y  c o n fo rm e rs  h a v e  b e e n  fo u n d  fo r T D G  a t th e  M P 2 = F u ll /6 3 1 1 G * *  lev e l an d  a b  initio resu lts  a g re e  
n ice ly  w ith  e x p e rim e n ta lly  d e te rm in e d  ro ta tiona l c o n stan ts . In add itio n , S ta rk  m e a s u re m e n ts  w e re  p e rfo rm ed  fo r  tw o  o f th e  th re e  c o n fo rm e rs  fo r d ip o le  m o m e n t d e te rm in a tio n s , 
a d d in g  to  o u r c o n fid e n c e  o f th e  c o n fo rm a tio n a l s tru c tu re  m a tc h e s  b e tw e e n  e x p e rim e n ta l o b s e rv a tio n s  a n d  a b  initio c a lc u la tio n s . O f th e  th re e  lo w e r e n e rg y  c o n fo rm e rs , o n e  d is ­
p lay s  a  c o m p a c t fo ld e d -lik e  s truc tu re  w ith  s trong h yd ro g en  bonding  b e tw e e n  th e  tw o  hydroxyl g ro u p s  a n d  th e  c e n tra l su lfide  a to m . T w o  o th e r c o n fo rm e rs  h a v e  re la tiv e ly  op e n  
c h a in -lik e  s tru c tu res  w ith  h yd ro g en  bonding  b e tw e e n  e a c h  o f th e  hydroxy l g ro u p s  to  th e  c en tra l su lfu r a to m , o f w h ich  o n e  h a s  n e a r  p u re  b -typ e  d ipo le  m o m e n t acc o rd in g  to  th e  ab  
initio resu lts .

T U -P 9 -5  1 6 h 0 0

In fra red  L a s e r  S p e c tro s c o p y  o f C C O : th e  V3 B a n d  o f th e  a 1A E le c tro n ic  S ta te *, Z ia d  A b u s a r a ,  N . M o a z z e n -A h m a d i an d  T .S . S o re n s e n , U n ive rs ity  o f  C a lg a ry  -  T h e  k e te n y lid e n e  
(C C O ) ra d ic a l h a s  b e e n  e x te n s iv e ly  in ve s tig a ted  in th e  ground  e le c tro n ic  s ta te  d u e  to  its im p o rta n c e  in in te rs te lla r c lo u d s , pho to d isso cia tio n  d y n a m ic s  o f carb o n  s u b o x id e , a n d  a s  
a  re ac tio n  in te rm e d ia te  in c o m b u stio n . L e ss  is know n  a b o u t o th e r  e le c tro n ic  s ta te s  o f  C C O . A b  in it io  c a lc u la tio n s  a n d  p h o to e le c tro n  s p ec tro s co p y  in d ica te  th a t C C O  h a s  s e v e ra l 
low -ly ing  s ing le t s ta tes . In th is  ta lk  I w ill d isc u s s  th e  o b s erv a tio n  o f  th e  ro ta tiona lly  re so lv ed  in fra red  s p ec tru m  o f th e  V3 fu n d a m e n ta l band  o f  th e  lon g -lived  â 1A  e le c tro n ic  s ta te .
T h e  m e a s u re m e n ts  w e re  c arried  out b e tw e e n  1 0 3 0  a n d  1 1 0 5  c m -1 using a  tu n a b le  d io d e  la s e r  s p ec tro m e te r. M e ta s ta b le  C C O  w a s  p ro d u c ed  in a  d is c h a rg e  th ro u g h  a  flow ing  m ix­
tu re  o f c a rb o n  s u b o x id e  a n d  h e liu m . F orty -s ix  ro v ib ra tiona l tra n s itio n s  in th e  P -  a n d  R -b ra n c h e s  an d  th e  fo u r low est J -lin e s  in th e  Q -b ra n c h  w e re  m e a s u re d . T h e  band  orig in  w a s  
d e te rm in e d  to  b e  1 0 8 2 .0 3 1 3 4 (1 9 )  c m -1.

* This work is being supported by NSERC.
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T h e  v 9 +  v  4 -  v  4 B a n d  o f  E th a n e *. N a s s e r  M o a z z e n -A h m a d i ,  U n ive rs ity  o f  C a lg a ry  —  T h e  ν 9 fu n d a m e n ta l band  o f e th a n e  oc cu rs  in th e  12  μ m  reg ion  o f th e  e le c tro m a g n e tic  
s p e c tru m . It is th e  s tro n g e st band  o f  e th a n e  in a  te rres tria l w in d o w  a n d  is c o m m o n ly  u sed  fo r th e  id en tifica tion  o f e th a n e  in th e  Jo via n  p lan e ts . T h e  a b u n d a n c e  d e te rm in a tio n  o f 
e th a n e  in th e  p lan e ta ry  a tm o s p h e re s  re lie s  on th e  lab o ra to ry  in tensity  m e a s u re m e n ts  w h ich  a re  th e n  u sed  to  e x tra c t m ixing  ra tios  a n d  a b u n d a n c e s  fro m  a s tro p h ys ica l s p ec tra .
T h e  v 9 an d  v 9 +  v  4 -  v  4 b a n d s  both o c c u r in th e  s a m e  reg ion  a nd  n e ith e r  c an  be  a n a ly s e d  a s  iso la ted  b a n d s  b e c a u s e  th e s e  s m all a m p litu d e  v ib ra tio n s  a re  e m b e d d e d  in th e  to r­
s io n a l ba th  o f th e  g round  v ib ra tio n a l s ta te . T h e  e ffe ct o f th e  to rs io n a l ba th  on th e  sm all a m p litu d e  v ib ra tio n a l b a n d s  is to  e n h a n c e  to rs io n al tu n n e lin g  splitting . S e v e ra l y e a rs  ago , 
w e  re p o rte d  th e  a n a ly s is  o f th e  v  9 b a n d . In th a t study, it w a s  sh o w n  th a t th e  o b s e rv e d  to rs io n a l sp littings  c an  b e  e x p la in e d  by C o rio lis -lik e  in te rac tio n s  w ith  th e  m a in  in te rac ting  
p a rtn e rs  fro m  th e  ground  s ta te  be in g  v4 =  1, w h e re  th e  couplin g  m atrix  e le m e n t is la rg e , a nd  v4 =  3 , w h e re  th e  e n e rg y  g a p  is s m all. T h e  a n a ly s is  o f  v  9 +  v  4 -  v  4 b a n d  s h o w s  th a t  
th e  m uch la rg e r o b s e rv e d  to rs io n a l splitting c an  be  large ly  e x p la in e d  by th e  s a m e  C o rio lis -lik e  in te rac tions .

* This work is being supported by NSERC.

T U -P 9 -7  1 6 h 3 0

H igh  R e so lu tio n  L a s e r S p ec tro s c o p y  o f M a g n e s iu m  M o n o a c e ty lid e , D e n n is  W . T o k a r y k 1, A llan  G. A d a m  2 a nd  W .S . H o p k in s 2, 1 P h ys ics  D e pa rtm en t,  a n d  2 C h e m is try  
D e p a rtm e n t, U n ive rs ity  o f  N e w  B ru n s w ic k  —  B oth a to m ic  m a g n e s iu m  a nd  th e  p o ly a to m ic  ra d ic a l C C H  a re  a b u n d a n t s p e c ie s  in th e  a tm o s p h e re s  o f c o o le r  s ta rs , a n d  in th e  in te r­
s te lla r  m e d iu m . T h e  m a g n e s iu m  m o n o a c e ty lid e  rad ica l M g C C H  is th e re fo re  o f po te n tia l a s tro p h ys ica l s ig n ific a n ce . T h e  m ic ro w a v e  s p ec tru m  o f th is  s p e c ie s [1] h a s  e s tab lish e d  
th a t th e  g ro u n d  e le c tro n ic  s ta te  X  2Σ +  is linear, a n d  low -reso lu tion  d isp ers ed  flu o re s c e n c e  s p e c tra  o f th e  A 2 Π  — X 2Σ +  e le c tro n ic  trans ition  n e a r  4 3 7  n m  h a v e  b e en  
o b s e rv e d  by a n o th e r  g r o u p [2]. W e  h a v e  o b s e rv e d  th e  0 0  an d  3 0  b a n d s  o f  th e  A 2 Π  — X  2Σ +  trans ition  o f M g C C H  in a  la s e r  a b la tio n  m o le c u la r  b e a m  s p ec tro m e te r, both at 
low  reso lu tion  (w ith  a  pu lsed  d y e  las e r) an d  a t high reso lu tion  (w ith  a  co n tin u o u s  w a v e  ring d y e  la s e r). T h e s e  d a ta  p ro v id e  a  d e ta ile d  p ictu re  o f  th e  n a tu re  a nd  s tru c tu re  o f th e  
u p p e r s ta tes , a s  w e ll a s  an  a c c u ra te  line list fo r pos sib le  id en tifica tion  o f th is  s p e c ie s  in as tro p h ys ica l s o u rce s  th roug h  its op tica l s p ec tru m .

T U -P 9 -8  1 6 h 4 5

L a m b -D ip  O b s e rv a t io n s  a n d  A s s ig n m e n ts  o f S o m e  C o m p a c t Q -B ra n c h e s  in th e  11 u m  R e g io n  fo r 1 ,3  B u ta d ie n e , Z h e n -D o n g  S u n  1, L iH o n g  X u  1, R .M . L e e s 1 an d  
N o rm a n  C . C ra ig  2, 1 U n ive rs ity  o f  N e w  B ru n s w ic k  an d  2 O b erlin  C o lle g e , O h io  —  T h e  C H 2-w a g g in g  v ib ra tio n a l m o d e  o f 1 ,3  b u ta d ie n e  c en tred  a t 9 0 8  c m -1 o r 11 μ m  is a  w ell 
d e fin e d  c -ty p e  b a n d . T h e  F o u rie r tra n s fo rm  s p e c tru m  o f th is  ba n d  w a s  re ce n tly  re co rd e d  a t 0 .0 0 1 8 4  c m -1 reso lu tion  in th e  G ie s s e n  labo ra to ry . A p a rt fro m  s o m e  u n re so lv ed  Q -  
b ran ch  h e a d s  fo r m e d iu m  to  h ig h -K  Q -b ra n c h e s , a n a ly s is  is a t an  a d v a n c e d  s ta g e  w ith  e n e rg y  lev e ls  o b s erv e d  up to  K m axo f a b o u t 10 an d  J m axn e a r  7 0  fo r u n p e rtu rb e d  in frared  
tra n s itio n s . W ith  9  p a ra m e te rs  (V o , A , B , C , dJ , dK , D J , D J K , D K ), a s s ig n m e n ts  h a v e  b e en  fit to  a  W a ts o n -ty p e  a s y m m e tr ic  ro tor H a m ilto n ian  in A -re d u c tio n  to  e x p e rim e n ta l a c c u ­
racy  [1]· W e  h a v e  recen tly  c arried  out L a m b -d ip  m e a s u re m e n ts  fo r s o m e  u n re so lv ed  Q -b ra n c h  h e a d s . O u r  m o tiv a tio n s  a re  (i) to  te s t th e  p e rfo rm a n c e  o f o u r n ew ly  built C O  2 - 
la s e r /m ic ro w a v e  s id e b a n d  s p e c tro m e te r  in th e  11 μ m  reg ion , (ii) to  re so lv e  th e s e  o v e rla p p e d  fe a tu re s  in th e  F T S  (D o p p le r  lim ited ) w ith  s u b -D o p p le r  te c h n iq u e  (L a m b -d ip ) in o rd e r  
to  p rov id e  a c c u ra te  line p os itions  a n d  a s s ig n m e n ts  fo r th e s e  c o m p o n e n ts , an d  (iii) to  ob ta in  an  e s t im a te  o f th e  tra n s itio n  d ipo le  m o m e n t fo r th is  b a n d . T h e  la tte r is a n  im portan t 
p ie c e  o f in fo rm ation  n e e d e d  fo r possib le  c ig a re tte  s m o k e  d e te c tio n  w ith  a  tu n a b le  d io d e  la s e r  s y s te m [2]. U n d e r  b ro a d  ba n d  sca n n in g  m o d e  a t D o p p le r  lim ited  reso lu tion , w e  h a ve  
o b s e rv e d  K  =  10  ^  9 , 9  ^  8, 8 ^  7 , 7  ^  6, 6 ^  5 , a n d  5  ^  4  Q -b ra n c h  h e a d s . T h e y  a re  s trong fe a tu re s  in th e  s p e c tru m . In o rd e r to  re so lv e  th e s e  h e a d s , s u b -D o p p le r  L a m b -  
d ip  e x p e rim e n ts  w e re  p e rfo rm e d . S o  fa r, w e  h a v e  re so lv ed  K  =  9  ^  8, 8 ^  7 , an d  7 ^  6 Q -b ra n c h  h e a d s  w ith  th e  L a m b -d ip  te c h n iq u e . O u r  fu lly  re so lv ed  c o m p o n e n ts  a re  c o n ­
s is te n t w ith  line p re d ic tions  b a se d  on a  p re v io u s  F T  a n a ly s is [1]. F ro m  c o m p aris o n  o f th e  w e a k e s t L a m b -d ip  s ig n a ls  o b s e rv e d  in o u r e x p e rim e n t fo r th is  m o le c u le  w ith  th o s e  o f 
o th e r m o le c u le s  (such  a s  C H 3O H  a nd  O c S ), w e  h a v e  d e d u c e d  a  v ery  rough e s t im a te  o f  a b o u t 0 .5  D e b y e  Δ μ ε trans ition  d ipo le  m o m e n t fo r th is  b a n d . W o rk  is in p ro g re ss  fo r  s u b ­
D o p p le r  o b s e rv a tio n s  o f o th e r  K  v a lu e  Q -b ra n c h  h e ad s .

1. C. Craig, J.L. Davis, K.A. Hanson, M.C. Moore, K.J. Weidenbaum, and M. Lock, J. Mol. Struct., 2004, in press.
2. Q. Shi, D.D. Nelson, J.B. McManus, M.S. Zahniser, C.N. Harward, “Quantum Cascade Infrared Laser Spectroscopy for Real-Time Cigarette Smoke Analysis”, Anal. Chem. 75, 5180-5190 (2003).
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100 Physics in Canada May / June 2004



Résumés des sessions orales

[TU-P10]

(DOP-CASCA)

A d a p t i v e  O p t i c s  i n  A s t r o n o m y ,  B i o l o g y ,  M e d i c i n e ,  a n d  P h y s i c s  /  

Optique adaptative en astronomie, biologie, médecine et physique
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
14h15 - 16h15

[  R o o m /S a l le  : B a llr o o m  A  ] C h a ir :  M . C a m p b e ll,  U .W a te rlo o

T U -P 1 0 -1  1 4 h 1 5

T IM  D A V ID G E , N a tio n a l R e s e a rc h  C o u n c il o f C a n a d a , H e rz b e rg  Institu te  o f A s tro p h y s ic s  

A d a p tiv e  O p tics  S ys te m s  on  C a nad ian  T e lescopes

T h e  a tm o s p h e re  d istorts  th e  w a v e fro n ts  o f a s tro n o m ic a l s o u rc e s , an d  th is  c a u s e s  a  d e g ra d a tio n  in a n g u la r  re so lu tio n . T h e  w a v e fro n t d isto rtions  c an  be  partia lly  c o rrec te d  w ith  
A d a p tiv e  O p tic s  (A O ) s y s te m s . C a n a d ia n  a s tro n o m e rs  h a v e  b e en  p io n e e rs  in th e  u s e  o f A O  s y s te m s  fo r a s tro n o m ic a l o b s erv a tio n s . In th is  ta lk  I w ill fo c u s  on 3  A O  s y s te m s  tha t 
h a v e  b e e n  a v a ila b le  to  C a n a d ia n  a s tro n o m e rs  : (1 ) H R C A M , w h ich  w a s  u sed  on th e  C a n a d a -F ra n c e  H a w a ii T e le s c o p e  (C F H T )  during  th e  la te  1 9 8 0 s  an d  e arly  1 9 9 0 s  a n d  layed  
th e  fo u n d atio n  fo r s u b s e q u e n t A O  d e v e lo p e m e n t, (2 ) th e  C F H T  A O  B o n n e tte , w h ich  h a s  b e e n  in u s e  a t C F H T  fo r a lm o s t a  d e c a d e , a n d  (3 ) th e  G e m in i A L T A IR  s y s te m , w h ich  w a s  
c o m m is s io n e d  in 2 0 0 3 . P la n s  fo r fu tu re  A O  s y s te m s  on ex is ting  fa c ilitie s , an d  fo r th e  n ext g e n e ra tio n  o f  la rg e  te le s c o p e s  w ill a ls o  be  d isc u s se d .

T U -P 1 0 -2  1 4 h 4 5

A d a p tiv e  O ptics: Im p lic a tio n s  to  D ia g n o s is  an d  T re a tm e n t o f  E v e  D is e a s e *, M e la n ie  C .W . C a m p b e ll ,  U n ive rs ity  o f  W a te rloo  —  A s  a d a p tiv e  op tics  is d e v e lo p e d  fo r u s e  w ith  th e  
e y e , it w ill b e c o m e  incre a s in g ly  im p o rtan t to  th e  d iag n o s is  a nd  tre a tm e n t o f  a  n u m b e r o f e y e  d is e a s e s . A g e  re la te d  m a c u la r  d e g e n e ra tio n  is th e  lea d in g  c a u s e  o f n e w  b lindness  
o v e r  th e  a g e  o f 5 0 .  A d a p tiv e  o p tics  w ill a llo w  th e  v is u a liza tio n  o f low  c o n tra s t s tru c tu res  in con junctio n  w ith  fu n c tio n a l tes ting  o f v is ion . It is a ls o  n e c e s s a ry  to  th e  e xp lo ra tio n  o f a  
n u m b e r o f n o v e l light b a s e d  th e ra p ie s . A d a p tiv e  o p tics  w ill in c re a s e  o u r u n d e rs tan d in g  o f th e  un d erly in g  m e c h a n is m s  o f  both th e  d is e a s e  a n d  th e  th e ra p ie s . In th e  d iag n o s is  and  
tra ck in g  o f  g la u c o m a  p ro g re ss io n , p o la riza tio n  im ag in g  c o m b in e d  w ith  a d a p tiv e  op tics  ho lds  m u ch  p ro m ise . I w ill re v ie w  th e  po te n tia l o f A O  a n d  th e  te c h n iq u e s  b e in g  d e v e lo p e d  in 
m y labo ra to ry .

* This work is being supported by NSERC/Photonics Research Ontario.

1 5 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé

T U -P 1 0 -3  1 5 h 3 0

R E J E A N  M U N G E R , U n iv ers ity  o f O tta w a  E y e  Institu te  

A d a p tiv e  O p tics : Im p lic a tio n s  to O p tica l C o rrec tion  o f  the  E ye

O v e r  th e  last fe w  d e c a d e s , im p ro v e m e n ts  in te c h n o lo g ie s  such  a s  a s p h e ric  len s e s , c o n ta c t len s  m a te r ia ls  an d  s h a p e s , la s e r  re frac tiv e  s u rg ery  a n d  w a v e fro n t s en s in g  h a v e  had  a  
g re a t im pact on o u r ab ility  to  co rrec t th e  op tica l a b e rra tio n s  o f h u m a n  e y e s . T h e s e  te c h n o lo g ie s  h a v e  a ls o  b e e n  critical to  s im u lta n e o u s ly  im p ro ve  o u r u n d e rs tan d in g  o f  th e  op tical 
p ro p e rties  o f h u m a n  e y e s  an d  th e ir  im p act on  v is u a l p e rfo rm a n c e . D e s p ite  th e s e  im p ro v e m e n ts , th e  o p h th a lm o lo g y  c lin ic  still fin d s  itse lf de a lin g  w ith  a  s ig n ifican t n u m b e r o f 
p a tien ts  w h o s e  o p tica lly  b a se d  v is u a l p ro b le m s  c an n o t be  satis facto rily  e x p la in e d  a n d /o r  c o rrec te d  w ith  c u rren t te c h n o lo g y . C o u ld  a d a p tiv e  op tics  be  th e  te c h n o lo g y  th a t w ill he lp  
us  re so lv e  th e s e  iss u e s  a t lea s t in s o m e  o f  th e s e  c a s e s ?  S tra te g ie s  in w h ich  c u rren t a d a p tiv e  te c h n o lo g y  c an  be  u sed  to  a s s e s s  a n d  tre a t op tica l a n d  v is u a l p ro b le m s  in hu m a n  
e y e s  w ill be  d isc u s se d . N e w  a p p ro a c h e s  to  constructing  a d a p tiv e  e le m e n ts  o p tim ize d  fo r th e  h u m a n  v is u a l s y s te m  a n d  th e ir  n o v e l u s es  in th e  tre a tm e n t o f op tica l p ro b le m s  in 
h u m a n  e y e s  w ill a ls o  be  d isc u s se d .

T U -P 1 0 -4  1 6 h 0 0

N a n o e n g in e e re d  A d a p tiv e  O p tic s * , E r m a n n o  F. B o r r a ,  P. L a ird , R . B e rg a m a s c o , J. G in g ra s , L. D a  S ilv a , L. T ru o n g , A . R itcey , an d  S . S e n k o w , CO PL, U n ive rs ité . L a v a l —  W e  
sh all report on  th e  c u rren t s ta tu s  o f o u r re s e a rc h  on n a n o e n g in e e re d  liquid op tics. W e  a re  d e ve lo p in g  th is  n e w  te c h n o lo g y  to  m a k e  in ex p e n s iv e  h ig h -p e rfo rm a n c e  a d a p tiv e  m irrors  
a s  w e ll a s  la rg e  p a rab o lic  m irrors. A d a p tiv e  m irrors  a re  m a d e  by c o atin g  a  fe rro flu id  w ith  a  re flec tiv e  la y e r  o f  s e lf-a s s e m b lin g  n a n o p a rtic le s . T h e  o p tic a l-q u a lity  liquid s u rfa c e s  a re  
d e fo rm e d  by a p p ly in g  e x te rn a l m a g n e tic  fie ld s . W e  shall d iscuss  e x p e rim e n ta l resu lts  o b ta in e d  w ith  a  1 1 0 -a c tu a to rs  m irror. W e  shall a ls o  briefly  p re se n t s o m e  resu lts  ob ta in e d  
w ith  liquid m irrors  d e fo rm e d  w ith  a  la s e r  b e a m  an d  ro ta ting  p a rab o lic  m irrors.

* This work is being supported by NSERC.

1 6 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P11] N e w  D i r e c t i o n s  i n  t h e  P h y s i c s  C u r r i c u l u m  /  Tu e s d a y , Ju n e  15
(DPE/dep) Nouvelles orientations dans les programmes d'études en physique MARD|, 15 JUIN
( ) 14h15 - 15h15

[ R o o m /S a l le  : S tr a th c o n a  ] C h a ir :  S.P. G o ld m a n , U n iv . o f  W e s te rn  O n ta r io

T U -P 1 1 -1  1 4 h 1 5

T e ac h in g  R e la tiv ity  in In troducto ry  P h ys ics * , W i l l ia m  E . B a y lis ,  U n ive rs ity  o f  W in d so r  —  In w o rk  a b o u t a  c en tu ry  a g o , E in ste in , to g e th e r  w ith  L o re n tz , P o in c a ré , a n d  o thers , 
e s ta b lis h e d  s p e c ia l re la tiv ity  a s  a  m a jo r p a rad ig m  shift in physics  th a t d e s c rib e s  fu n d a m e n ta l s y m m e tr ie s  o f e le c tro m a g n e tic  p h e n o m e n a  a nd  m u ch  o f m o d e rn  p hysics. R e la tiv ity  
c h a n g e s  o u r c o n ce p ts  o f s p a c e  a n d  tim e  an d  th e  w a y  w e  a p p ro a c h  m a n y  p ro b le m s , o ften  s im plify ing  th e  c o m p u ta tio n s , an d  it is fre q u e n tly  im p o rtan t e v e n  a t low  (“no n re la tiv is tic ”) 
v e lo c ities . Y e t, it is still c o m m o n ly  ta u g h t a s  a  c o m plicating  correc tion  to  N e w to n ia n  m e c h a n ic s . Is  it not tim e  to  in te g ra te  re la tiv ity  m o re  tightly  into th e  e arly  p hysics  c u rricu lum ?  
T h e  ta lk  s h o w s  h o w  th is  can  be  a c c o m p lis h e d  w ith  a  s im p le  a lg e b ra ic  e x ten s io n  o f  v e c to r  fo rm a lis m  th a t e n a b le s  q u a n tita tiv e  re la tiv is tic  c a lc u la tio n s  w ith o u t m a tr ic e s  o r te n s o rs . 
T h e  c o v a ria n t fo rm a lis m  is part o f a  c o m p re h e n s iv e  g e o m e tr ic  a lg e b ra  w ith  a p p lic a tio n s  in m a n y  a re a s  o f  physics.

* This work is being supported by NSERC.

T U -P 1 1 -2  1 4 h 3 0

A  C o n c e p tu a l T re a tm e n t O f G a u s s ’ L a w , D o n a ld  M a th e w s o n ,  K w a n tle n  U n ive rs ity  C o lle ge  —  G a u s s ’ L a w  is a  to p ic  n o w  c urren tly  c o v e re d  in m a n y  first y e a r , s ec o n d  s e m e s te r  
c o u rse s . T h is  to p ic  is v e ry  d ifficult fo r s tu d e n ts  to  g ra sp . It d o e s  not h e lp  th a t m ost te x tb o o k s  p re se n t G a u s s ’ L a w  in its in tegra l fo rm  w h ich  is v e ry  in tim idatin g  fo r s tu d e n ts  w h o  
a re  b a re ly  fa m ilia r  w ith  in te g ra tio n , let a lo n e  s u rfa c e  in te g ratio n . A s tu d e n t-fr ie n d ly , c o n ce p tu a l d e v e lo p m e n t o f G a u s s ’ L a w  w ill b e  p re s e n te d  a lo n g  w ith  a  eas ily  u n d e rs to o d , s im ­
p lified no ta tion .

T U -P 1 1 -3  1 4 h 4 5

N o v e l C o m p u te r  A lg e b ra  P h ys ics  P ro b le m s , G e o r g e  M c G u ire ,  U C F V  —  O n e  o f m y  p e d a g o g ic a l g o a ls  h a s  b e e n  to  d e s ig n  novel n o n lin e a r physics  p ro b le m s . M y  d e s ig n  p a ra m ­
e te rs  w e re  p re d ic a te d  upon a  n u m b e r o f cond itions : first, a  c o m p u te r  a lg e b ra  s y s te m  w o u ld  be  an  in d is p e n s a b le  too l in th e  s e ttin g -u p , m a n ip u la tin g , a n d  so lv ing  o f a ll th e  e q u a ­
tions; s e c o n d , th e  un d erly in g  p hysics  m ust be  a t th e  u n d e rg ra d u a te  lev e l, th ird , th e  a n a ly tica l so lu tions  h a v e  to  be  unk n o w n ; fo u rth , s p e c ta c u la r  v is u a liz a tio n s  an d  a n im a tio n s
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w o u ld  b e  n e e d e d  a nd  c re a te d  to  fo s te r  a  b e tte r  u n d e rs tan d in g  o f th e  s o lu tions. O n e  o r tw o  o f th e s e  u n iq u e  c o m p u te r  a lg e b ra  p ro b le m s  w ill be  s h o w c a s e d  in th is  ses s io n . 

T U -P 1 1 -4  1 5 h 0 0

M a g ic a l S q u a re s  in U n ivers ity  P h ys ics  E d u c a tio n *. A d a m  R o g e r s  a nd  P. Loly, U n ive rs ity  o f  M a n ito b a  —  In a  first e n c o u n te r  w ith  th e  to p ic  o f  m o m e n t o f in ertia , m a g ic  s q u a re s , 
tre a te d  a s  rigid body m a s s  d istrib utions, c an  be  inc lu d ed  a s  an  a m u s in g  e x a m p le . A  th e o re tica lly  inclined  s tu d e n t c an  th e n  ob ta in  a  g e n e ra l resu lt fo r a n y  o rd e r m a g ic  s q u a re . A t 
th e  s o p h o m o re  leve l o f  c la s s ic a l m e c h a n ic s  th e  full inertia  te n s o r o f m a g ic  c u b e s  s h o w s  m a x im a l sym m e try . F u rth e r  o p p o rtu n ities  to  u s e  m a g ic a l s q u a re s  in p hysics  co n n ec tio n s  
w ill be  g ive n .

* This work is being supported by Winnipeg Foundation.

1 5 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P12]

(CASCA)

M e a s u r i n g  H i d d e n  P a r t s  o f  G a l a x i e s  /  

Mesure des parties cachées des galaxies
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
14h30 - 17h00

[  R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  A . G u lliv e r ,  B ra n d o n  U.

T U -P 1 2 -1  1 4 h 1 5

A re  th e  C e n tra l E n g in e s  in N a rro w -L in e  S e v fe rt 1s  F u n d a m e n ta lly  D iffe re n t? * . C h r is to p h e r  R y a n 1, M .M . D e R o b e r t is 1, S . V ir a n i2 , A . L a o r3 a n d  P. D a w s o n  4, 1 York U n ive rs ity ,
2 C h a n d ra  X -ra y  O b s e rv a to ry  C e n te r , C fA , 3 Tech n io n , Is ra e l an d  4 T re n t U n iv ers ity  —  N a rro w -lin e  S e y fe rt 1 g a la x ie s  (N L S 1 s ) a re  a  s u b -c la s s  o f a c tiv e  g a la c tic  nuc le i w h o s e  
e m is s io n -lin e  c h a ra c te ris tic s  a re  s im ila r to  S e y fe rt 1 s  e x c e p t th a t th e y  h a v e  re la tive ly  n a rro w  pe rm itte d  e m is s io n  lines . B a s e d  on s trong o b s e rv a tio n a l e v id e n c e , in p a rticu la r x -ra y  
p ro p e rties , th e  a c c e p te d  m o d e l to  a c c o u n t fo r  th is  p o s tu la tes  a  re la tive ly  lo w -m a s s  b lac k  ho le  a cc re tin g  m a teria l a t a  s ig n ifican t fraction  o f  its E d d in g to n  lim it. To in v e s tig a te  th is  
h y p o th e s is , w e  h a v e  a n a ly z e d  h ig h -s p a tia l reso lu tion  N IR  d a ta  o b ta in e d  a t C F H T  w ith  th e  K IR /A O B . By e m p lo y in g  th e  tw o -d im e n s io n a l fitting a lg o rith m  G A L F IT , a s  w e ll a s  an  
e m p iric a l te c h n iq u e  fo r  re m o v in g  th e  n u c le a r  light, g a la x y  bu lg e  lum in o sitie s  w e re  d e te rm in e d  fo r  a  s a m p le  o f  11 N L S 1 s  to  a n  a c c u ra c y  o f te n  p e rc e n t. A s su m in g  th e  e s tab lish e d  
re la tion  b e tw e e n  th e  b lack  ho le  m a s s  a n d  th e  bu lg e  lum inosity  ho lds  fo r th is  s a m p le , w e  h a v e  d e te rm in e d  th a t th e  m a s s  o f c o m p a c t o b je c ts  a t th e  c e n tre s  o f g a la x ie s  in o u r s a m ­
p le  a re  in d e e d  s ys te m atic a lly  less  th a n  b lack  ho le  m a s s e s  in “n o rm a l” S e y fe rt 1s. W e  h a v e  a ls o  fo u n d  th a t th e  re la tiv e  acc re tio n  ra tes  fo r th e  s a m p le  a re  up to  an  o rd e r o f m a g n i­
tu d e  h ig h e r th a n  th a t fo r  th e ir  b ro a d -lin e  co u n te rp arts .

* This work is being supported by NSERC.

T U -P 1 2 -2  1 4 h 3 0

A n a ly s is  o f G a s  a n d  D u s t E m is s io n  in th e  In te rs te lla r  M e d iu m  o f th e  O u te r  G a la x y  w ith  th e  C a n a d ia n  G a la c t ic  P la n e  S u rv e y , K .A . D o u g la s  a n d  A .R . Taylor, U n ive rs ity  o f  C a lg a ry  
—  T h e  C a n a d ia n  G a la c t ic  P la n e  S u rv e y  (C G P S )  p ro b e s  th e  in te rs te lla r m e d iu m  in th e  O u te r  G a la x y  a t a rcm in u te  reso lu tion  s c a le s . T h e  u s e  o f  IR A S  dus t e m iss io n  d a ta s e ts  to  
tra c e  dus t co lu m n  d e n s ity  is a c h ie v e d  by d e te rm in in g  th e  op tica l d ep th  a t 1 0 0  μ m , τ 1 0 0 . W e  c o m p a re  τ 1 0 0  to  o th e r  d a ta s e ts  o f th e  C G P S , includ ing  th e  m o le c u la r  g a s  tra c e d  by 
carb o n  m o n o x id e  (C O ) using th e  F iv e  C o lle g e s  R a d io  A s tro n o m y  O b s e rv a to ry , an d  a to m ic  h y d ro g en  m e a s u re d  w ith  th e  D o m in io n  R a d io  A s tro p h y s ic a l O b s e rv a to ry  (D R A O ).  
Io n ise d  h y d ro g en  c an  be  in fe rred  fro m  th e rm a l rad io  c o n tin u u m  im a g e s  p ro d u c ed  using th e  D r A O  1 4 2 0  a nd  4 0 8  M H z  c o n tin u u m  o b s e rv a tio n s . I w ill d e s c rib e  an  a n a ly s is  o f th e  
in te rs te lla r c o m p o n e n ts , lea d in g  to  a  m e th o d  o f d e te c tin g  e x c e s s  in fra red  e m is s io n  th a t m a y  tra c e  m o le c u la r  h yd ro g en  not tra c e d  by th e  s u rro g a te  s p e c ie s . A  c a ta lo g u e  o f th e s e  
in fra red  e x c e s s  re g io n s  w ill be  p re s e n te d .

1 4 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P13]

(COMP-DMBP/
O CPM -D PM B)

M e d i c a l  A p p l i c a t i o n s  o f  S o u n d :  I m a g i n g  a n d  B e y o n d  /  

Applications médicales du son : l'imagerie et au-delà
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
14h30 - 17h00

[ R o o m /S a l le  : A lb e r t  ] 

T U -P 1 3 -1  1 4 h 3 0

C h a ir :  W.M. W h e la n , R y e rs o n  U.

M IC H A E L  B R O N S K IL L , S u n n y b ro o k  &  W o m e n ’s, U n iv ers ity  o f Toronto  

M R I G u ida nce  fo r  th e  N e w  S o u n d s  o f  T u m our T h e ra p y*

T h e  d iag n o stic  u s es  o f u ltrasoun d  h a v e  b e c o m e  w e ll kn o w n . M a n y  parts  o f th e  body a re  rou tine ly  e x a m in e d  using d iag n o stic  lev e ls  o f u ltrasoun d  w h ich  p ro d u c e  no know n  b io e f­
fe c ts . S p e c ia liz e d  u ltrasoun d  im ag in g  s y s te m s  h a v e  n o w  b e en  d e v e lo p e d  w h ich  ta ilo r  th e  u ltrasoun d  fre q u e n c y  an d  pa tte rn  to  im a g e  m a n y  o rg a n s  th ro u g h o u t th e  body, from  
m icro s c o p ic  in tra v a s c u la r  im ag in g  o f  a rte ria l p laq u e  to  w h o le  o rg a n  a b d o m in a l im ag in g . R e ce n tly , u ltrasoun d  h a s  b e e n  in ve s tig a ted  fo r pos sib le  th e ra p e u tic  u ses , w h e re  high lev ­
e ls  o f s ound  e n e rg y  a re  d e p o s ite d  in a  s p ec ific  reg ion  o f th e  body  to  h e a t tis su e  to  th e  point o f  c o ag u la tio n  cau s in g  cell d e a th . T h is  p re se n ta tio n  w ill re v ie w  s o m e  o f th e  curren t 
a p p ro a c h e s  to  th e rm a l th e ra p y  using u ltra so u n d . A n  im p o rtan t c o m p o n e n t in m a n y  c a s e s  is th e  use  o f m a g n e tic  re s o n a n c e  (M R ) im ag in g  to  ta rg e t th e  reg ion  fo r th e rm a l c o a g u la ­
tion , to  g u id e  th e  d e liv e ry  o f th e  e n e rg y  pa tte rn , an d  to  m o n ito r th e  e ffe c tiv e n e s s  o f th e  tre a tm e n t. In particu lar, M R  im ag in g  h a s  a  u n iq u e  ab ility  to  m e a s u re  te m p e ra tu re s  a c c u ­
ra te ly  in tis su e  during  h e a tin g . E x a m p le s  w ill be  g iven  o f o u r w o rk  using an  in terstitia l p ro b e  w h ich  tra n s m its  e n e rg y  a t tw o  d iffe ren t fre q u e n c ie s  in o rd e r to  a c h ie v e  both larg e  
re g io n s  o f c o ag u la tio n  a n d  tigh t m a rg in s  a ro u n d  th e  ta rg e tte d  reg ion . T h is  d e v ic e  is d e s ig n e d  to  b e  M R  c o m p atib le  e n ab lin g  M R  te m p e ra tu re  m e a s u re m e n ts  to  be  ta k e n  during  
tre a tm e n t a n d  u sed  to  contro l th e  d e v ic e .

* In collaboration with Rajiv Chopra, Sunnybrook & Women’s.

T U -P 1 3 -2  1 5 h 0 0

R O B E R T  L . C L A R K E , C a rle to n  U n ivers ity

H ig h  In te n s ity  F o c u s e d  U ltra so u n d  fo r  N o n -In va s ive  T he rap y

T h e  last d e c a d e  h a s  s e e n  s ig n ifican t a d v a n c e s  in th e  ap p lic a tio n  o f high in tensity  fo c u s e d  u ltrasoun d  (H IF U ) fo r th e  tre a tm e n t o f d e e p -s e a te d  lo ca lized  c an c e r. B e a m s  o f up to  
s e v e ra l h u n d re d  w a tts , 1 to  3  M H z , can  be  fo c u s e d  to  e llip tical v o lu m e s , 0 .2  c m  d ia m e te r  by 2  cm  long , an d  d irec te d  to  s ites  up to  8 c m  b e lo w  th e  skin  s u rfa c e , w ith o u t s u p erfi­
c ia l d a m a g e . T h e  resu lting  in te n s ites  c an  c o m p le te ly  d e s tro y  c a n c e r  tis su e  w ith in  a  fe w  s e c o n d s . By s te p p in g  th e  b e a m  o v e r  th e  e x te n d e d  reg ion , c o m p le te  d e struction  can  be  
a c h ie v e d . L iver, p ro s ta te  an d  p a n c re a s  h a v e  b e en  th e  s ites  m ost o ften  partia lly  o r  w h o lly  tre a te d . P h a s e  II tria ls  o f a b o u t 1 0 0  p a tien ts  in th e  U K , m o re  in th e  U S  an d  E u ro p e , an d  
m o re  th a n  1 0 0 0  in C h in a  a re  n o w  c o m p le te . T re a tm e n t is e s s en tia lly  c o n fo rm a l, an d  d e p e n d s  to  a  g re a t d e g re e  on th e  a s s o c ia te d  im ag in g  te c h n iq u e s , m a in ly  M R I an d  u ltra ­
so u n d .
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T U -P 1 3 -3  1 5 h 3 0

J E R E M Y  A . B R O W N , Q u e e n ’s U n ivers ity

D e v e lo p m e n t a n d  A p p lica tio n s  o f  H igh  F re q u e n c y  U ltra so u n d  Im a g in g  S ys tem s

T h e  n o n -d es tru c tive  n a tu re  o f  u ltrason ic  w a v e s  h a s  m a d e  u ltrasoun d  im ag in g  o n e  o f  th e  m ost p o p u la r  d iag n o stic  to o ls  in m e d ic in e . M o s t c o m m e rc ia l u ltrasoun d  s y s te m s  o p e ra te  
in th e  fre q u e n c y  ra n g e  fro m  3  to  5  M H z  an d  c an  re so lv e  s tru c tu res  a p p ro x im a te ly  1 m m  in s iz e . By in cre a s in g  th e  fre q u e n cy , th e  u ltrasoun d  w a v e le n g th  is d e c re a s e d  a n d  fin e r  
reso lu tion  can  be  o b ta in e d . S e v e ra l h igh fre q u e n c y  (3 0 1 0 0  M H z )  u ltrasoun d  s y s te m s  h a v e  recen tly  b e e n  d e v e lo p e d  fo r  im ag in g  th e  e y e , skin , a nd  v a s c u la r  s y s te m  w ith  m icro ­
sco p ic  reso lu tion  (<  1 0 0  m icro n s ). D e s p ite  th e  im p ro ve d  reso lu tion , high fre q u e n c y  s y s te m s  a re  not routine ly  u sed  in c lin ical p ra c tic e  o r  b io log ica l s tu d ies . A  m a jo r  p ro b le m  is 
th a t th e  s in g le  e le m e n t tra n s d u c e rs  th a t a re  c urren tly  a v a ila b le  fo r h igh fre q u e n c y  im ag in g  a re  g e o m e tric a lly  s h a p e d  to  fo c u s  th e  u ltrasoun d  e n erg y . T h is  in tro d u c e s  a  tra d e o ff  
b e tw e e n  th e  im a g e  reso lu tion  a nd  d e p th  o f fie ld . A  s ig n ifican t im p ro v e m e n t in im a g e  qua lity  c an  be  a c h ie v e d  by rep la c in g  th e  s in g le  e le m e n t tra n s d u c e r  w ith  a  tra n s d u c e r a rra y  
a n d  an  e le c tro n ic  b e a m fo rm e r. T h is  c o m b in a tio n  a llo w s  th e  u ltrasoun d  e n e rg y  to  be  op tim a lly  fo c u s e d  a t e a c h  d e p th  w ith in  a  tis s u e . U n fo rtu n a te ly , fa b rica tin g  a  high fre q u e n c y  
tra n s d u c e r a rra y  is d ifficult s in ce  th e  d im e n s io n s  o f  th e  a rra y  s c a le  w ith  th e  u ltrasoun d  w a v e le n g th . W e  h a v e  recen tly  d e v e lo p e d  a  te c h n iq u e  fo r fa b rica tin g  tra n s d u c e r a rra y s  
using  a  s im p le  p h o to lith o g rap h ic  p ro c es s . T h e  p ro c es s  is re la tive ly  s im p le  a n d  h a s  a llo w e d  us  to  re p ro d u cib ly  fa b r ic a te  m in ia tu re  a rra y s . In  th is  ta lk , I  w ill p rov id e  a  b rie f o v e rv ie w  
o f high fre q u e n c y  u ltrasoun d  im ag in g  an d  th e n  d e s c rib e  o u r w o rk  in d e ve lo p in g  high fre q u e n c y  tra n s d u c e r a rra y s  an d  b e a m fo rm e rs .

* In collaboration with F.S. Foster1 and G.R. Lockwood 2, 1 Sunnybrook Health Sciences Centre and 2Queen’s University.

T U -P 1 3 -4  1 6 h 0 0

M IC H A E L  K O L IO S , R y e rs o n  U n ivers ity

H igh  F re q u e n c y  U ltra so u n d  Im a g in g  a n d  S p e c tro s c o p y  fo r  the  Im a g in g  o f  C e ll D a m a g e  a n d  D ea th

In high fre q u e n c y  u ltrasoun d  im ag in g , c o m p re s s io n a l w a v e s  (2 0 -6 0 M H z )  a re  u sed  to  in te rro g a te  tis su e  s tru c tu re . W h ile  e v e n  a t th e s e  fre q u e n c ie s  ind ividual ce lls  c an n o t be  
re s o lv e d , th e  s p e c k le  pa tte rn  p ro d u c ed  fro m  cell e n s e m b le s  can  b e  a n a ly z e d  a n d  c h a n g e s  d u e  to  tre a tm e n t v is u a liz e d . W e  h a v e  s h o w n  th a t i) th e  u ltrasoun d  b a c k s c a tte r  in ten si­
ty, ii) th e  s ta tis tics  o f th e  b a c k s c a tte r  e n v e lo p e  a n d  iii) th e  p o w e r s p e c tra  o f th e  b a c k s c a tte r  c h a n g e  w h e n  c e lls  a n d  tis s u e s  a re  d a m a g e d . In th is  p re se n ta tio n  w e  w ill p re se n t s o m e  
o f o u r re ce n t d a ta  fo r o u r e ffo rt to  e xp la in  th e  n a tu re  o f  th e s e  c h a n g e s . It is sh o w n  th a t cell s ize  is a  m a jo r  d e te rm in a n t o f  b a c k s c a tte r  fo r cell e n s e m b le s  both in -v ivo  a n d  in-v itro. 
T h e  m id -b a n d  fit (a  m e a s u re  o f b a c k s c a tte r  in tensity ) fro m  cell p e lle ts  o f  a  p ro s ta te  c a n c e r  cell line (d ia m e te r  ~ 3 0  m icro n s) is 1 2d B  g re a te r  th a n  th e  M B F  o f cell pe lle ts  using  an  
a c u te  m yelo id  leu k e m ia  (A M L ) cell line (d ia m e te r  ~ 1 0 -1 5  m icro n s ). T h e  m e a s u re d  s p ec tra l s lo p e  (w ith  no c o m p e n s a tio n  fo r a tte n u a tio n ) w a s  0 .4 3  d B /M H z  fo r  th e  p ro s ta te  cell 
line  v s . 0 .7 5  d B /M H z  fo r  th e  A M L  cell line, c o n s is te n t w ith  th e  s m a lle r  d ia m e te r  o f th e  A M L  c e ll. To d e te rm in e  w h e th e r  tre a tm e n t e ffe c ts  c an  be  d e te c te d  in -v ivo , w e  h a v e  g row n  
n o n -H o d g k in ’s  ly m p h o m a  tu m o rs  in m ice  (1 4  to  d a te ), w h ich  w e re  th e n  tre a te d  using C H O P  c h e m o th e ra p y . T h e  u ltrasoun d  b a c k s c a tte r  in c re a s e d  in th e  tre a te d  tu m o rs  in a  tim e -  
d e p e n d e n t fa s h io n , p e ak in g  a t 2 4 -4 8 h  a fte r  e x p o s u re . T h e  k inetics  an d  e tio logy  o f th e  in c re a s e  w ill be  d isc u s se d .

T U -P 1 3 -5  1 6 h 3 0

P h o to a c o u s tic  Im a g in g  in B io log ica l T is s u e s  fo r  M o n ito rin g  T h e rm a l L e s io n s *, G .M . S p i r o u 1, Y . F a n  2, A . M a n d e lis 2, W .M . W h e la n  1 a n d  A .I. V itk in  145, 1 D e p a rtm e n t o f  M e d ica l 
B io p h y s ic s , U n ive rs ity  o f  T o ro n to , 2D e p a rtm e n t o f  M e c h a n ic a l a n d  In d u s tria l E n g in e e rin g , U n ive rs ity  o f  T o ro n to , 3D e p a rtm e n t o f  M a th e m a tics , P h y s ic s  a n d  C o m p u te r  S c ience , 
R ye rso n  U n ive rs ity , 4 O ntario  C a n c e r In s titu te /P rin ce ss  M a rg a re t H o sp ita l/U n ive rs ity  H e a lth  N e tw ork , M e d ic a l P h ys ics  D iv is io n  an d  5 D e p a rtm e n t o f  R a d ia tio n  O ncology, U n ive rs ity  
o f  Toronto  —  P h o to a c o u s tic  im ag in g  is a  n o n -in v a s iv e  te c h n iq u e  th a t d iffe re n tia te s  b e tw e e n  m a te ria ls  w ith  d iffe ren t op tica l ab so rp tio n  p ro p e rties . T h is  a p p ro a c h  m a y  be  su itab le  
fo r  d e te c tin g  th e rm a l les ion  b o u n d a rie s  c re a te d  during  th e rm a l th e ra p y , a  m e th o d  u sed  to  c o a g u la te  a  ta rg e te d  v o lu m e  (fo r e x a m p le , a  tu m o u r). T h e  p h o to ac o u s tic  e ffe c t is th e  
p ro c es s  w h e re b y  light a b s o rb e d  by a  m a te r ia l c re a te s  a  te m p e ra tu re  c h a n g e  resu lting  in a  p re ss u re  c h a n g e . If th e  inciden t light is m o d u la te d , th e  resu lting  p eriod ic  p re ss u re  
c h a n g e  c re a te s  a n  a c o u s tic  w a v e , w h ich  p ro p a g a te s  fro m  th e  ab so rp tio n  location  an d  m a y  be  d e te c te d  by a  tra n s d u ce r. T h e  s tren g th  o f th e  e m itte d  a c o u s tic  s ig n a l is d e p e n d e n t  
on  th e  ab so rp tio n  o f light w ith in  th e  s a m p le . D uring  th e rm a l th e ra p y , a s  tis s u e s  a re  th e rm a lly  d a m a g e d , c h a n g e s  in tis su e  op tica l ab so rp tio n  occur. S u ch  c h a n g e s  m a y  be  
d e te c ta b le  p h o to ac o u s tica lly  an d  th e re fo re  p h o to ac o u s tic  im ag in g  m a y  p ro v id e  a  m e a n s  to  m o n ito r th e  e x te n t o f th e rm a l d a m a g e . C h a n g in g  th e  fre q u e n c y  o f th e  m o d u la tio n  o f 
light a llo w s  o n e  to  im a g e  d iffe re n t d e p th s  using s ig n a l-p ro c e ss in g  a n a ly s is . P re lim in ary  te s ts  in turb id  b io lo g ica l-like  m e d ia  in d ica te  d iffe re n t ab so rp tio n s  d isp lay  d iffe re n t s ign al 
in ten sities , d e m o n s tra tin g  th e  d e p e n d e n c e  o f th e  p h o to ac o u s tic  e ffe c t on th e  op tica l a b so rp tio n . W e  a re  cu rren tly  exp lo rin g  th e  s ens itiv ity  o f th e  s y s te m  in turb id  m e d ia , a n d  id en ­
tify ing reso lu tio n , c o n tra s t, an d  d e p th  o f im ag in g  o f  th is  a p p ro a c h , an d  e v a lu a tin g  its su itab ility  fo r m on ito ring  th e  e x te n t o f th e rm a l d a m a g e  to  im p ro ve  tis su e  ta rg e tin g .

* This work is being supported by University of Toronto

T U -P 1 3 -6  1 6 h 4 5

H igh  F re q u e n c y  U ltra so u n d  in M o n ito rin g  L ive r S u itab ility  fo r T ra n s p la n ta tio n , R . V la d 1, G J .  C z a rn o ta 1, 2 , A . G ile s 1, 2 , J .W . H u n t1, 2 , M .D . S h e ra r1, 2 an d  M .C . K o lio s 1, 3 ,
1 D e p a rtm e n t o f  M e d ic a l B iophys ics , U n iv e rs ity  o f  Toronto; 2O n ta r io  C a n c e r  Institu te , 3D e p a rtm e n t o f M a th e m a tic s , P h ys ics  an d  C o m p u te r  S c ie n c e , R y e rs o n  U n ivers ity  —  It has  
b e e n  p rev ious ly  sh o w n  th a t h igh fre q u e n c y  u ltra s o u n d (H F U ), 2 0  to  6 0  M H z , can  be  u sed  to  d e te c t s truc tu ra l c h a n g e s  in tis su e  a n d  cell e n s e m b le s  during  cell d e a th . In th is  proj­
e c t w e  in v e s tig a te  th e  po te n tia l o f  h F u  to  a s s e s s  live r d a m a g e  during  p re se rva tio n , prior to  tra n s p la n ta tio n . A fte r  8 -2 4 h  o f cold  s to ra g e , irrev ers ib le  injury oc cu rs , lea d in g  to  liver 
tra n s p la n t fa ilu re . W e  h y p o th e s ize  th a t th e  c h a n g e s  in u ltrasoun d  b a ck  s c a tte r (U B ) in live r is c h e m ia  a re  re la te d  to  th e  c h a n g e s  in v is c o e la s tic  p ro p e rties  o f th e  ce ll c y to sk e le to n , 
in d u ced  by o s m o tic  s tress , fo llow ing  A T P  d e p le tio n . In o u r e x p e rim e n ts , w e  u s e  isc h e m ic  W is ta r  rat livers. O rg a n s  fro m  W is ta r  ra ts (n = 1 0 ) a re  s urg ica lly  e x c is e d , im m e rs e d  in 
p h o s p h a te  b u ffe r s a lin e (P B S ) a n d  s to re d  a t 4 ° C  fo r 2 4 h  o r  left to  d e c a y  a t room  te m p e ra tu re . In th e  p re se rva tio n  e x p e rim e n ts , o rg a n s  fro m  W is ta r  ra ts (n = 4 ), a re  surg ica lly  
e x c is e d , flu s h ed  w ith  U n ivers ity  o f W is c o n s in (U W ) so lu tion  a n d  s to red  a t 4 ° C  fo r 2 4 h . P re s e rv a tio n  injury is s im u la te d  by e ith e r  not flush ing  th e  o rg a n s (n = 2 ) w ith  U W  solu tion  or 
by a llow ing  th e  o rg a n s (n = 2 ) to  re ac h  room  te m p e ra tu re . U ltra so n ic  im a g e s  an d  th e  co rres p o n d in g  ra w  rad io  fre q u e n c y  (R F ) d a ta  a re  c o lle c ted  o v e r th e  is c h e m ia  period  fro m  a  
reg ion  lo ca te d  w ith in  th e  tra n s d u c e r fo c a l z o n e . S a m p le s  a re  fixed  fo r H e m a to x y lin & E o s in  a n d  E le c tro n  M ic ro sc o p y  s ta in ing  a t th e  e nd  o f th e  e x p e rim e n t. F o r  o rg a n s  p re p are d  
using  s ta n d ard  p re se rva tio n  con d itio n s  th e re  is a  s light in c re a s e  in U B (~ 2 .5 d B r ) . U B  in c re a s e s  by 4 -1 0 d B r  in th e  is c h e m ia  m o d e ls  d e m o n s tra tin g  k ine tics  d e p e n d e n t on s to ra g e  
cond itio n s . T h e  resu lts  d e m o n s tra te  th e  po te n tia l o f  H F U  im ag in g  to  a s s e s s  live r su itab ility  fo r p re se rva tio n .

1 7 h 0 0 S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[TU-P14] C A S C A  O u t g o i n g  P r e s i d e n t ' s  T a l k  /

(CASCA) Conférence du président sortant de la CASCA
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
14h45 - 15h15

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  J . H e s s e r, N R C

T U -P 1 4 -1  1 4 h 4 5

G R E T C H E N  L .H . H A R R IS , U n ivers ity  o f W a te r lo o

C A S C A  197 1 -2 004 : The S to ry  S o  F a r*

C A S C A  h a s  c h a n g e d  a  g re a t d e a l o v e r  th e  past th re e  d e c a d e s  fro m  re la tive ly  m o d e st b e g in n in g s  to  a  s oc ie ty  w h ich  is know n  a n d  re s p e c te d  both in C a n a d a  a n d  a ro u n d  th e  w orld . 
A s  o u r c o m m u n ity  g ro w s  an d  o u r d isc ip line  b e c o m e s  m o re  d iv e rs e , C A S C A  w ill c o n tin u e  to  e v o lv e . H o w  did w e  g e t w h e re  w e  a re  n o w ?  W h e r e  w ill w e  b e  in a n o th e r  3 0  y e a rs  
a n d  h o w  w ill w e  g e t th e re ?  C a n  w e  k e e p  th e  fr iend ly, p e rso n a l, an d  d iv e rs e  e n v iro n m e n t w e  v a lu e  to d a y ?  H o w  w ill o u r d e m o g ra p h ic s  an d  o u r m e e tin g s  c h a n g e ?  W h o  w ill be  o u r  
le a d e rs  in 2 0 3 1  a n d  w h a t w ill th e y  be  e x p e c te d  to  d o?  W h a t w ill w e  e x p e c t o f C A S C A ?  I w ill look  a t o u r past a n d  p rov id e  s o m e  id e a s  fo r  y o u r c o n s id e ra tio n .

* This work is being supported by NSERC.
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Or a l  Se s s io n  A b s tr a c ts

[TU-P15]

(All Orgs.)

W o r l d  Y e a r  o f  P h y s i c s  2 0 0 5  C o m m i t t e e  M e e t i n g  /

Réunion du Comité pour l'Année mondiale de la physique
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
15h00 - 16h30

[ R o o m /S a l le  : H e a r t la n d  B o a r d r o o m  ] C h a ir : M . S te in itz ,  S t. F ra n c is  X a v ie r  U.

[TU-P16]

(CASCA)

C A S C A  -  L o n g  R a n g e  P l a n  R e v i e w  /  

Examen du plan à long terme de la CASCA
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
15h45 - 16h30

[  R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  R . P u d r itz ,  M c M a s te r  U.

[TU-P17]

(CASCA)

C A S C A  A n n u a l  G e n e r a l  M e e t i n g  /  

Assemblée générale de la CASCA
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
16h30 - 18h00

[  R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  G. H a rr is ,  U .W a te rlo o

[TU-P18]

(CAP/ACP)

C A P  A n n u a l  G e n e r a l  M e e t i n g  /  

Assemblée générale de l ’ACP
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
17h00 - 18h30

[  R o o m /S a l le  : V ic to r ia  ] C h a ir :  B . J o o s ,  U .O tta w a

[TU-P19] C O M P  A n n u a l  G e n e r a l  M e e t i n g  /  

(C O M P/O CPM ) Assemblée générale de l ’OCPM
TUESDAY, JUNE 15 

MARDI, 15 JUIN 
17h00 - 18h30

[  R o o m /S a l le  : A lb e r t  ] C h a ir :  C. A rs e n a u lt ,  D r. G e o rg e s  L . D u m o n t  H o s p ita l

[TU-P20]

(All Orgs.)

B a n q u e t  R e c e p t i o n  /  R é c e p t i o n  d u  b a n q u e t  

B a n q u e t

- -  B a l l r o o m s  A / B / C  - -

1 9 h 0 0  -  1 9 h 3 0  

1 9 h 3 0  -  2 2 h 3 0

TUESDAY, JUNE 15 
MARDI, 15 JUIN

Wednesday, June 16 Mercredi, 16 juin
[WE-A1]

(CAP/ACP)

M e e t i n g  o f  t h e  C A P - N S E R C  L i a i s o n  C o m m i t t e e  /  

Réunion du comité de liaison ACP-CRSNG
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
07h00 - 09h00

[  R o o m /S a l le  : H e a r t la n d  B o a r d r o o m  ] C h a ir :  K . R a g a n , M c G ill U.

[WE-A2]

(CAP/ACP)

D P E  B u s i n e s s  M e e t i n g  /  

Réunion d'affaires DEP
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
07h00 - 08h15

[  R o o m /S a l le  : P r iv a te  D in in g  R o o m  ] C h a ir :  R . H a w k e s , M o u n t  A l l is o n  U.

[WE-A3]

(C AP-CO M P/
ACP-OCPM)

P l e n a r y  S e s s i o n  /  

Session plénière
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
08h30 - 09h15

[ R o o m s /S a lle s : B a llr o o m s  B /C  ] C h a ir :  M . M o rro w , M U N

W E -A 3 -1 0 8 h 3 0

A A R O N  F E N S T E R , R o b a rts  R e s e a rc h  Institu te , Lon d o n , O n ta rio

U se o f  3 D  U ltra so u n d  Im a g in g  in  D iagno s is , T rea tm ent a n d  R e se a rch : A d va n ce s  a n d  O pp o rtu n itie s

2 D  v ie w in g  o f 3 D  a n a to m y , using c o n v e n tio n a l u ltra so u n d , lim its  o u r ab ility  to  q u a n tify  a n d  v is u a liz e  th e  a n a to m y  an d  g u id e  th e ra p y , b e c a u s e  m u ltip le  2 D  im a g e s  m u s t be  in te g ra t­
e d  m enta lly . T h is  p ra c tic e  is ineffic ien t, a nd  le a d s  to  varia b ility  a nd  inco rrec t d ia g n o s e s . O v e r  th e  past 2  d e c a d e s , in ve s tig a to rs  h a v e  a d d re s s e d  th e s e  lim itations by d e v e lo p in g  
3 D  u ltrasoun d  te c h n iq u e s . In th is  p a p e r  w e  d e s c rib e  o u r d e v e lo p m e n ts  o f 3 D  u ltrasoun d  im ag in g  in s tru m en ta tio n  a n d  te c h n iq u e s  fo r d iag n o s is , im a g e -g u id e d  th e ra p y  an d  u s e  in

104 Physics in Canada May / June 2004



Résumés des sessions orales

b a s ic  b io m ed ic a l re s e a rc h . E x a m p le s  w ill b e  g iven  fo r  im ag in g  v a r io u s  o rg a n s , s uch  a s  th e  p ro s ta te , caro tid  a rte r ie s , an d  b re a s t, a nd  fo r  th e  use  in 3 D  u ltra so u n d -g u id e d  
b ra c h y th e ra p y  an d  c ryosurgery . In add itio n , w e  d e s c rib e  3 D  s e g m e n ta tio n  m e th o d s  th a t can  be  u sed  fo r q u a n tita tiv e  a n a ly s is  o f d is e a s e  p ro gress ion  an d  re g res s io n  in h u m a n s  a s  
w e ll a s  re s e a rc h  a n im a l m od e ls .

0 9 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A4] P o r t r a i t s  a t  M u l t i p l e  W a v e l e n g t h s  -  C o n t r i b u t e d  /

(caScaj Portraits à longueurs d'ondes multiples - contribuées
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
08h30 - 09h00

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  I. S h o rt,  S a in t  M a ry 's  U.

W E -A 4 -1  0 8 h 3 0

T im e -E v o lu tio n  a nd  R a d io -O p tic a l C o rre la tio n s  in th e  S y n c h ro tro n  E m is s io n  o f  th e  C ra b  N e b u la , M ic h a e l B ie t e n h o lz 1, J .J . H e s t e r 2 , D .A . F r a i l3 , N . B a r te l1, 1 Y o rk  U n ive rs ity , 
2 A riz o n a  S ta te  U n ivers ity  an d  3 N R A O  —  I p re s e n t a  s e r ie s  o f new , h ig h -reso lu tio n  V L A  ra d io  im a g e s  o f th e  C ra b  n e b u la , w h ich  w e re  ta k e n  s im u lta n e o u s ly  w ith  H S T  op tica l an d  
C h a n d ra  X -ra y  o b s erv a tio n s  a s  part o f  a  un iq u e  o b s erv in g  c am p a ig n  w h ich  o b ta in e d  s im u lta n e o u s , tim e -re s o lv e d , h ig h -reso lu tio n  im ag in g  o f  th e  C ra b  a t a ll th re e  w a v e le n g th s .
T h e  rad io  im a g e s  s h o w  th a t th e re  is s y s te m a tic  varia b ility  in th e  C r a b ’s rad io  s ynchro tron  e m is s io n  th ro u g h o u t th e  reg ion  n e a r  th e  pu lsar. I d isc u s s  th e  v is u a liza tio n  o f th e  v a r ia b il­
ity, a n d  th e  c o m p a ra tiv e  v is u a liza tio n  o f th e  ra d io  a nd  th e  op tica l e m is s io n . T h e  p rincipa l g e o m e try  o f  th e  both th e  ra d io  an d  op tica l v a r ia b le  fe a tu re s  is th a t o f e llip tical ripp les , 
c a lled  w isp s . T h e  rad io  w isp s  a re  s e e n  to  m o v e  s ys te m atic a lly  o u tw a rd  w ith  p ro jec te d  s p e e d s  o f up  to  0 .3 c . C o m p a rin g  th e  rad io  im a g e s  to  th e  op tica l o n e s , w e  find th a t th e  
rad io  w isp s  a re  s o m e tim e s  d isp la c ed  fro m  th e  op tica l o n e s , o r h a v e  no op tica l c o u n te rp arts . W e  a ls o  find  th a t s o m e  op tica l w isp s  in particu lar, th e  b righ test op tica l w isp s  n e a r  th e  
pulsar, do  not s e e m  to  h a v e  rad io  c o u n te rp arts . W e  d iscuss  im p lic a tio n s  on o u r u n d e rs tan d in g  o f th e  pu ls ar ou tflo w  an d  p artic le  a c c e le ra tio n  p ro c es s es .

W E -A 4 - 2  0 8 h 4 5

W in d -W in d  C o llis io n s  fro m  X -R a y  to  R a d io : T h e  M a s s iv e  P ro to ty p e  B inary  W R 1 4 0 , A n t h o n y  M o f fa t ,  U n ive rs ité  d e  M o n tré a l —  S in c e  th e  d isc o v ery  in th e  1 9 8 0 ’s  o f h u g e  cyc lic  
v a ria tio n s  in its in fra -re d  flux , w e  n o w  k n o w  th a t W R 1 4 0  is a  b inary  s y s te m  (C -ric h  W o lf -R a y e t s ta r  p lus  a  m a in -s e q u e n c e  O 4 V -ty p e  c o m p a n io n ) in a  highly e llip tical 8-y e a r  orb it, in 
w h ich  th e  hot a nd  d e n s e  s u p ers o n ic  w in d s  o f th e  s ta rs  c o llide . T h e  v a r ia b le  IR  flux , n o w  im ag e d  w ith  h igh s p atia l reso lu tion  a t 8 -1 0  m  te le s c o p e s , c o m e s  fro m  th e  hot c arb o n -  
b a s e d  dust fo rm e d  in th e  s h o c k -c o m p re s s io n  z o n e  a s s o c ia te d  w ith  th e  collis ion  an d  e je c te d  by th e  w in d s  th e m s e lv e s . T h e  collis ion is m ost e n e rg e tic  during  th e  rap id  p e rias tron  
p a s s a g e , resu lting  in h igh ly  v a r ia b le  flux  on  an  o rb ita l t im e -s c a le  a t ra d io  a nd  X -ra y  w a v e le n g th s . T h is  p lac e s  th e  s y s te m  a m o n g  th e  b righ test X -ra y /ra d io  s o u rce s  a m o n g  th e  
g a la c tic  W R  p o pu la tion . T h is  s y s te m  s e rv e s  a s  a  un iq u e  lab o ra to ry  fo r in -d e p th  s tu d ies  o f th e  m a s s -lo s s  p h e n o m e n o n  in m a s s iv e  s ta rs .

0 9 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A5] R a d i a t i o n  T r e a t m e n t  P l a n n i n g  / WEDNESDAY, JUNE 16

(C OM P/O CPM ) Planification d'une radiothérapie MERCREDI, 16 JUIN 
08h30 - 10h00

[ R o o m /S a l le  : A lb e r t  ] C h a ir :  W. B e c k h a m , B C  C a n c e r  A g e n c y

W E -A 5 -1  0 8 h 3 0

A  B ro a d  B e a m  A n a ly tic a l P h o to n  S c a tte r  M o d e l E m p lo y in g  C o n v o lu tio n  T e c h n iq u e s *, P e te r  P o tr e b k o , S . P is to rius  a n d  B. M c C u rd y , C a n ce rC a re  M a n ito b a  /  The U n ive rs ity  o f  
M a n ito b a  —  A c c u ra te  dos im e try  re q u ire s  a  fu n d a m e n ta l u n d e rs tan d in g  o f th e  c o m p le x  in te rac tio n s  th a t o c c u r in photon  ra d io th era p y . T h is  w o rk  a tte m p ts  to  d e r iv e  fro m  first prin­
c ip le s  an  a n a ly tica l eq u atio n  to  d e s c rib e  th e  tra n s p o rt o f  a  b ro ad , p a ra lle l, m o n o  e n e rg e tic  b e a m  o f ph o to n s  in a  h o m o g e n e o u s  w a te r  p h a n to m . T h e  R e c ip ro c ity  T h e o re m  w a s  
u sed  to  re p la c e  a  b ro a d  b e a m  inciden t on a  c en tra l a x is  point d e te c to r  by a  c en tra l a x is  pencil b e a m  (s c a tte r  k ern e l) in te g ra ted  o v e r an  infin ite  p la n e  (e x te n d e d  d e te c to r) u n d er  
rad ia tio n  equ ilib riu m . T h e  s c a tte r  k ern e l w a s  a n a ly tica lly  in te g ra ted  o v e r photon  e n e rg y  by th e  u s e  o f  tw o  re a s o n a b le  a ss u m p tio n s : 1) F o rw a rd  s c a tte r  resu lting  fro m  first o rd e r  
C o m p to n  sca tte rin g  d o m in a te s  th e  in te rac tio n s  in w a te r  fo r e n e rg ie s  o f  1 -1 0  M e V . 2 )  T h e  a tte n u a tio n  c o e ffic ie n t o f th e  s ca tte re d  pho to n s  is p ro p o rtio n a l to  th e  a tte n u a tio n  co effi­
c ie n t o f th e  p rim ary  ph o to n s  w ith  an  e n e rg y -d e p e n d e n t p roportiona lity  c o n stan t. T h e  K ine tic  E n e rg y  R e le a s e d  in th e  M e d iu m  o rig inatin g  fro m  s c a tte re d  ph o to n s  w a s  th e n  c a lc u la t­
e d  a s  a  function  o f d e p th  in th e  p h a n to m  fro m  th e  a n a ly tica l c onvo lu tio n  o f th e  p rim ary  photon  flu e n c e  w ith  th e  s c a tte r  k ern e l. T h e  a n a ly tic  e q u a tio n  w a s  c o m p a re d  to  M o n te  C a rlo  
a n d  n u m e ric a l c onvo lu tio n  d a ta  a t c lin ical photon  e n e rg ie s  o f  1 .5 ,3 , an d  6 M e V  to  d e te rm in e  th e  a c c u ra c y  o f th e  m o d e l. T h e  m o d e l p ro m ise s  to  be  usefu l fo r e x tra c tin g  th e  n a rro w  
b e a m  a tte n u a tio n  c o e ffic ie n t u n d e r broad  b e a m  con d itio n s  w h e re  w e  c an  a p p ro x im a te  rad ia tio n  equ ilib riu m . F o r 3  M e V , th e  n a rro w  b e a m  a tte n u a tio n  c o e ffic ie n t w a s  c a lc u la te d  to  
b e  0 .0 3 8 5  + /-0 .0 0 0 1  c m -1 w h ich  c o m p a re s  w e ll to  th e  pub lish ed  v a lu e  o f 0 .0 3 9 5  c m -1.

* This work is being supported by NSERC.
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E va lu a tio n  o f  th e  R e c ta n g u la r  S c a tte r  In te g ra tio n  M o d e l (R S I ) , N o e l B la is  , W . W ie rz b ic k i a n d  P. M u n g e r, H ô p ita l M a iso n n e u ve -R o se m o n t  —  T h e  s c a tte r  in tegratio n  m o d e l (R S I)  
is p ro p o s ed  to  d e s c rib e  h e a d  s c a tte r  d a ta . T h is  m o d e l is re la tive ly  s im p le  an d  s tra ig h tfo rw ard . M a th e m a tic a lly , th e  R S I m o d e l in tro d u c e s  a  m u lti-v a ria b le  func tion  to  d e fin e  h e ad  
s c a tte r  d e p e n d e n c y  on th e  X 1, X 2, a nd  Y  ja w  pos itions. T h is  m e th o d , c h a ra c te r iz e d  by h igh m a th e m a tic a l flexib ility  p re c is e ly  d e s c rib e s  h e a d  s c a tte r  d a ta  fo r  s y m m e tric , a s y m m e t­
ric, o p e n  an d  w e d g e d  fie ld s . T h e  R S I m o d e l re q u ire s  n u m e ric a l in tegratio n  o f th e  h e ad  s c a tte r  in th e  X  a n d  Y  d irec tio n s  using s m all s trips  d e fin ed  by th e  M L C  le a v e s  (n o  rad ia l 
in tegratio n  in vo lv e d ). T h e  va lid ity  o f th e  R S I m o d e l w a s  v erifie d  a g a in s t tw o  o th e r m o d e ls : th e  e q u iv a le n t s q u a re  fie ld  m e th o d  (E S F )  an d  th e  c irc u la r s c a tte r  in tegratio n  m ethod  
(C S I) .  T h e  s e t o f h e a d  s c a tte r  d a ta  w a s  m e a s u re d  fo r a  2 5  M V  R X  b e a m  fro m  an  E le k ta  S L -2 5 . T h e  th re e  m o d e ls  a b o v e  w e re  s ys te m atic a lly  a p p lie d  to  a  m e a s u re d  s e t o f 
2 3 4  o p e n  fie ld s  a nd  to  a  s e t o f 1 7 5  w e d g e d  fie ld s . B oth s ets  o f d a ta  inc luded  s y m m e tric  an d  a s y m m e tr ic  fie ld s . T h e  resu lts  o b ta in e d  s h o w  th a t th e  R S I m o d e l p ro d u c ed  an  e x c e l­
len t d e scrip tion  fo r  h e a d  s c a tte r  d a ta  s in c e  p ractica lly  a ll c a lc u la te d  io n iza tio n s  a p p ro x im a te  th e  m e a s u re d  o n e s  w ith in  to  ±  0 .5 %  fo r  th e  o p e n  fie ld s  a n d  w ith in  to  ± 1 . 0 %  fo r  th e  
w e d g e d  fie ld s . T h e  co rres p o n d in g  e rro rs  p ro d u c ed  by th e  E S F  a n d  th e  C S I m o d e ls  w e re  a s  fo llow s: ±  3 .0 %  a n d  ±  1 .5 %  fo r  th e  op e n  fie ld s  an d  ±  3 .5 %  an d  ±  3 .0 %  fo r th e  w e d g e d  
fie ld s . S im ila r  resu lts  w e re  o b s e rv e d  w ith  irreg u la r fie ld s .
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A  C o rre la te d  S a m p lin g  U s e r-C o d e  fo r th e  E G S n rc  S y s te m , L e s le y  A . B u c k le y 1, I. K a w r a k o w 2 a n d  D .W .O . R o g e rs  1, 1 C a rle to n  U n ive rs ity  a n d  2 N R C  IN M S  —  T h e  im p le m e n ta ­
tion  o f a  c o rre la ted  s am p lin g  v a r ia n c e  re duction  te c h n iq u e  into a  u s e r-c o d e  fo r th e  E G S n rc  M o n te  C a rlo  c o d e  s y s te m  is d e s c rib e d . T h is  te c h n iq u e  is particu la rly  e ffe c tive  fo r  in­
p h a n to m  ion c h a m b e r  c a lc u la tio n s  o r o th e r  s itu a tio n s  w h e re  th e  d iffe re n c e  b e tw e e n  q u a n titie s  o f in te res t is d u e  to  s m all d iffe re n c e s  b e tw e e n  th e  s im u la tio n  g e o m e tr ie s . F o r such  
c a s e s , c o n ve n tio n a l v a r ia n c e  re duction  te c h n iq u e s  re q u ire  a  p roh ib itively  la rg e  n u m b e r o f  h is to ries  in o rd e r to  a c h ie v e  re a s o n a b le  s ta tis tica l u n c erta in tie s . In th e  1 9 9 0 ’s, M a  and  
N a h u m  d e s c rib e d , in a  s e r ie s  o f p a p e rs , a  c o rre la te d  sam p lin g  te c h n iq u e  im p le m e n te d  in th e  E G S 4  M o n te  C a rlo  c o d e . T h e  p re se n t p a p e r  d is c u s s e s  im p ro v e m e n ts  in, and  
c h a n g e s  to  th e ir  c o rre la te d  sam p lin g  te c h n iq u e . T h is  c o d e  is be in g  u sed  to  s tudy th e  w a ll e ffe c ts  in ion c h a m b e rs  an d  th e  e n e rg y  re s p o n s e  o f d o s im e te rs  such  a s  A l2 O 3 , a la ­
n ine  a n d  T L D s . In th is  study, th e  calc u la tio n  o f  a b s o rb e d  d o s e  ra tios  is u sed  to  d isc u s s  th e  e ffic ie n c y  a n d  a c c u ra c y  o f th e  E G S n rc  c o rre la te d  sam p lin g  te c h n iq u e  re la tiv e  to  c o n ­
v e n tio n a l v a r ia n c e  re duction  te c h n iq u e s . It is sh o w n  th a t fo r ty p ica l io n -c h a m b e r  c a lc u la tio n s , e ffic iency  g a in s  o f  up to  a  fa c to r  o f  4 5  a re  a c h ie v e d . T h e  ga in  is h ighest w h e n  th e re  
is a  h igh d e g re e  o f co rre la tio n  b e tw e e n  th e  g e o m e tr ie s . F o r w e a k ly  c o rre la te d  g e o m e tr ie s , th e  tim e  s a v in g s  a lo n e  in c re a s e  th e  e ffic ie n c y  o f in -p h a n to m  c a lc u la tio n s  by s lightly  
b e tte r  th a n  a  fa c to r  o f 2 fo r s tu d ies  w ith  tw o  g e o m e tr ie s .
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F a s t In v e rs e  D o s e  O p tim iza tio n  (F ID O )  fo r IM R T  v ia  M a tr ix  In ve rs io n  w ith  no N e g a tiv e  In te n s itie s , S .P . G o ld m a n  1, J .Z . C h e n  2 an d  J .J . B a ttis ta  2 , 1 U n ive rs ity  o f  W este rn  O nta rio  
a n d  2 L ondon  R e g io n a l C a n c e r  C e n tre  —  A f a s t  o p tim iza tio n  a lg o rith m  is v ery  im p o rtan t fo r in ve rs e  p lan n in g  o f In tensity  M o d u la te d  R a d ia tio n  T h e ra p y  ( IM R T ) ,  a nd  fo r a d a p tiv e  
ra d io th e ra p y  o f  th e  fu tu re . C o n v e n tio n a l n u m e ric a l s e a rc h  a lg o rith m s  such a s  th e  c o n ju g a te  g ra d ie n t s e a rc h  w ith  positive  b e a m  w e ig h t c onstra in ts , g e n e ra lly  re q u ire  m a n y  ite ra ­
tio n s  an d  m a y  p ro d u c e  s u b o p tim a l resu lts  d u e  to  tra p p in g  in local m in im a . A  d irec t solu tion  o f  th e  in ve rs e  p ro b le m  using c o n ve n tio n a l q u a d ra tic  o b je c tiv e  fu n c tio n s  w ith o u t positive  
b e a m  co n stra in ts  is m o re  e ffic ien t but resu lts  in unre a lis tic  n e g a tiv e  b e a m  w e ig h ts . W e  p re se n t h e re  a  d irec t solu tion  o f  th e  in ve rs e  p ro b le m  w h ich  d o e s  not resu lt in u n a c c e p ta b le  
n e g a tiv e  b e a m  w e ig h ts . T h e  o b je c tiv e  func tion  fo r  th e  o p tim iza tio n  o f  b e a m  in ten sities  fo r la rg e  n u m b e r o f b e a m le ts  is re fo rm u la ted  s uch  th a t th e  o p tim iza tio n  p ro b le m  is re d u ce d  
to  a  lin ea r s e t o f e q u a tio n s . T h e  o p tim a l s e t o f in ten sities  is foun d  th roug h  a  m atrix  invers ion , an d  n e g a tiv e  b e a m le t in ten sities  a re  a v o id e d  w ith o u t th e  n e ed  fo r  e x te rn a lly  im posed  
c o n stra in ts . T h e  m e th o d  h a s  b e en  a p p lie d  to  a  te s t p h a n to m  a n d  to  a  fe w  c lin ical c a s e s . W e  w e re  a b le  to  a c h ie v e  h ighly c o n fo rm a l d o s e  d is trib u tions  w ith  v ery  short o p tim iza tio n  
tim e s . T y p ica l o p tim iza tio n  tim e s  fo r  a  s in g le  a n a to m ic a l s lice  using a  s in g le  p ro c e s s o r P C  an d  a  s ta n d ard  m atrix  invers ion  rou tine  a re : 0 .2  s ec . fo r 4 0 0  b e am le ts ; 8 s ec . fo r  
1 ,0 0 0  b e am le ts ; 4 0  s ec . fo r  2 ,0 0 0  b e a m le ts  a n d  2 .5  m in fo r  3 ,0 0 0  b e a m le ts . In con clu s io n , th e  n e w  m e th o d  p ro v id es  a  fa s t an d  robust te c h n iq u e  to  find  a  g loba l m in im u m  tha t 
y ie ld s  e x c e lle n t resu lts  fo r  th e  in ve rs e  p lan n in g  o f IM R T .

W E -A 5 - 5  0 9 h 3 0

Im p ro v e d  C a lc u la tio n  A c c u ra c y  fo r  IM R T  using  M o d ifie d  S in g le  P en c il B e a m  C a lc u la tio n  K e rn e ls *, A la n a h  B e r g m a n , K. O tto  a n d  C . D u z e n li, U n ive rs ity  o f  B ritish  C o lum b ia  /  
V a n co u ve r C a n c e r C e n tre  —  In tensity  M o d u la te d  R a d ia tio n  T h e ra p y  ( IM R T )  is u sed  to  d e liv e r  h ighly c o n fo rm a l rad ia tio n  d o s e s  to  tu m o u rs  w h ile  sp arin g  n e a rb y  s en s itive  tissues . 
D is c re p a n c ie s  b e tw e e n  c a lc u la te d  a n d  m e a s u re d  d o s e  d is trib u tions  h a v e  b e e n  re p o rte d  fo r re g io n s  o f h igh d o s e  g ra d ie n ts  co rres p o n d in g  to  c o m p le x  rad ia tion  flu e n c e  pa tte rns .
F o r th e  s in g le  pencil b e a m  su p erp o s itio n /c o n vo lu tio n  d o s e  calc u la tio n  a lg o rith m , th e  ab ility  to  re so lv e  a re a s  o f  high d o s e  s tru c tu re  is partly  re la te d  to  th e  s h a p e  o f th e  p encil b e a m  
d o s e  k ern e l (s im ila r to  h o w  a  photon  d e te c to r ’s  point s p re a d  func tion  re la te s  to  im ag in g  re so lu tio n ). Im p ro v e m e n ts  in d o s e  calc u la tio n  a c c u ra c y  h a v e  b e e n  re p o rte d  w h e n  th e  
tre a tm e n t p lan n in g  s y s te m  (T P S ) is re -c o m m is s io n e d  using h ig h -reso lu tio n  m e a s u re m e n t d a ta  a s  input. T h is  s tudy p ro p o s e s  to  fu rth e r  im p ro ve  th e  d o s e  calc u la tio n  a c c u ra c y  fo r  
IM R T  p lan n in g  by op tim iz in g  read ily  a v a ila b le  c lin ical d o s e  k ern e l s h a p e s  a lre a d y  p re se n t in th e  T P S , th u s  a vo id in g  th e  n e e d  to  re -co m m is s io n . T h e  in -h o u s e  o p tim iza tio n  pro ­
g ra m  m in im ize s  a  c o st-func tion  b a se d  on a  2 D  c o m p o s ite  d o s e  s u b traction  /  d is ta n c e -to -a g re e m e n t g a m m a  a n a ly s is . T h e  fina l o p tim ize d  k ern e l s h a p e s  a re  re -in tro d u c ed  into th e  
tre a tm e n t p lan n in g  s y s te m  a nd  im p ro v e m e n ts  to  th e  d o s e  c a lc u la tio n  a c c u ra c y  fo r  c o m p le x  IM R T  d o s e  d is trib u tions  e v a lu a te d .

* This work is being supported by Michael Smith FHR.
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V irtu a l O rg a n s  a s  a  Tool in In v e rs e  P la n n in g  o f IM R T , S la v  Y a r ts e v , J e ff C h e n , T o m a s  K ron , Terry  C o a d , K ris  T re n k a  a n d  E d w ard  Y u , In te g ra te d  C a n c e r C a re  P ro g ra m  / Lon don  
H e a lth  S c ience  C e n tre  /  U n ive rs ity  o f  W estern  O n ta rio  —  In v e rs e  tre a tm e n t p lan n in g  h a s  b e c o m e  a  routine  p ractice  in m o d e rn  rad ia tio n  th e ra p y . A q u a d r a t ic  o b je c tiv e  function  
w ith  d o s e -v o lu m e  c o n stra in t v io la tio n  fa c to rs  an d  im p o rta n ce  fa c to r  fo r e a c h  s truc tu re  is u sed  in in ve rs e  p lan n in g  fo r  in te n s ity -m o d u la te d  rad ia tio n  th e ra p y  ( IM R T )  w ith  D o s e  
C a lc u la tio n  M o d u le  (D C M  2 .0 ,  M D S  N o rd io n ). T h e  o b je c tiv e  func tion  d e fin ed  th is  w a y  d o e s  not su ffuc ien tly  p e n a liz e  lo w  d o s e s  in s m all a re a s  (co ld  spo ts ) o f th e  p lan n in g  ta rg e t  
v o lu m e  (P T V )  a n d  high d o s e s  in o rg a n s  a t risks (O A R s ). T h e  co ld  spots  a re  u sually  loca ted  c lo se  to  th e  b o u n d a ry  o f P T V : in th e  re g io n s  w ith  high g ra d ie n ts  o f d o s e  d istribution .
In o rd e r to  e n s u re  a c c e p ta b le  m in im a l irrad ia tion  d o s e  in all v o x e ls  o f P T V , a  v irtua l P T V  w ith  co n to u rs  ou tlined  w ith  a  3  m m  m arg in  a ro u n d  P T V  in th re e  d im e n s io n s  is u sed  e ith e r  
in s tea d  o f  P T V  o r a s  an  a d d itio n a l ta rg e t fo r o p tim iza tio n . T h is  a p p ro a c h  w a s  te s te d  in th e  p lan n in g  o f p a tien ts  w ith  n o n -s m a ll-c e ll lung c an c e r. In ad d itio n , g ro s s  tu m o u r v o lu m e  
m a y  b e  u sed  e ith e r  a s  a  ta rg e t to  in c re a s e  a  re la tiv e  im p o rta n c e  o f P T V  o r a s  a n  O A R  to  h a v e  a  contro l on th e  m a x im u m  d o s e  d e liv e re d  to  P T V . W e  e x a m in e  m erits  o f both  
o p tio n s  fo r  m od ification  o f d o s e  d istribution  in th e  c a s e  o f la rg e  brain  tu m o u r. T h e  u s e  o f a d d itio n a l s tru c tu res  in c re a s e s  th e  flexib ility  o f in ve rs e  p lan n in g  p ro c e d u re  in IM R T  and  
cou ld  be  a p p lic a b le  a ls o  to  he lica l to m o th era p y .

1 0 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n
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[  R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  R . B o c h o n k o ,  U .M a n ito b a
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D A V ID  S C H A D E , C a n a d ia n  A s tro n o m y  D a ta  C e n tre , H e rz b e rg  Institu te  o f A s tro p h y s ic s , N a tio n a l R e s e a rc h  C o u n c il C a n a d a  

D a ta  M in in g  a n d  the  V irtua l O b se rva to ry

E xtrac tin g  sc ien tific  u n d e rs tan d in g  fro m  la rg e , m u lti-w a v e le n g th  d a ta  c o lle c tio n s  is th e  p rim ary  m otivation  o f th e  V irtu a l O b s e rv a to ry  m o v e m e n t. S c ie n tific  d a ta  m in ing  c an  be  d o n e  
using  e ith e r  c a ta lo g u e s  o f  d e riv e d  p a ra m e te rs  s uch  a s  flux , s p ec tra l e n e rg y  d istribution  s h a p e , a n d  s o u rce  m o rp h o lo g y  o r it c an  be  d o n e  th ro u g h  th e  ap p lic a tio n  o f u s er-d e fin e d  
a lg o rith m s  d irec tly  on th e  pixel d a ta . In e ith e r  c a s e , ex is ting  d a ta  co llectio n s  a re  la rg e  e n o u g h  to  re q u ire  m a s s iv e  p ro c es s in g  po w er. In add itio n , th e  d a ta  n e ed  to  be  v e ry  care fu lly  
e n g in e e re d  a n d  o rg a n iz e d  to  a llo w  th e  e xe cu tio n  o f e ith e r  d a ta b a s e  q u e rie s  o r p ixe l-le ve l p ro c es s in g  a cro s s  m u lti-w a ve len g th  d a ta s e ts . T h is  e n g in e e rin g  an d  o rg a n iza tio n  ta s k  is 
th e  p rim ary  c h a lle n g e  o f th e  V irtu a l O b s e rv a to ry . It is a  fa c t, a t p re se n t, th a t e v e n  la rg e -s c a le  s c ie n c e  p ro jec ts  typ ica lly  d e v e lo p  th e ir  ow n  in fo rm ation  te c h n o lo g y  in frastructu re .
B ut a t s o m e  point in th e  n e a r  fu tu re  th e  s c a le  an d  c o m p le x ity  o f a v a ila b le  d a ta s e ts  w ill e x c e e d  th e  c ap a b ilit ie s  o f  ind iv idua ls  o r sm all g ro u p s  o f  re s e a rc h e rs  to  h a n d le  th e n . A t tha t 
point th e  V irtu a l O b s e rv a to ry  c a p a b ilit ie s  fo r e n a b lin g  d a ta  m in ing  w ill b e c o m e  a  necessity .

0 9 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A7] Plenary Session / WEDNESDAY, JUNE 16

(C AP-CO M P/ Session plénière MERCREDI, 16 JUIN
ACP-OCPM) 09h15 - 10h00

[  R o o m s /S a l le s  : B a llr o o m s  B /C  ] C h a ir :  C. A rs e n a u lt ,  D r. G e o rg e s  L . D u m o n t  H o s p ita l

W E -A 7 -1 0 9 h 1 5

D A V ID  W .O . R O G E R S , C a rle to n  U n ivers ity

M o n te  C a rlo  S im u la tion  o f  E le c tro n -P h o to n  T ra n sp o rt: F ro m  P a rtic le  P h ys ics  to  C a n ce r R a d io th e ra p y

M o n te  C a rlo  s im u la tio n  o f th e  tra n s p o rt o f e le c tro n s  a n d  ph o to n s  p lays  a  c en tra l ro le  in m o d e rn  ra d io th e ra p y  re s e a rc h  an d  w ill soon  be  in rou tine  u s e  in m a n y  c lin ics. T h e  E G S  
(E lec tro n  G a m m a  S h o w e r) M o n te  C a rlo  c o d e  s ys te m , w h ich  is o n e  o f th e  m ost w id e ly  u sed  c o d e s  in m e d ic a l physics  a p p lic a tio n s , w a s  o rig inally  d e v e lo p e d  a t th e  S tan fo rd  L in e a r  
A c c e le ra to r  C e n te r  fo r  a p p lic a tio n s  in h ig h -e n e rg y  physics. W ith  v a rio u s  e x te n s io n s  to  lo w e r e n e rg ie s  it h a s  b e e n  u sed  fo r  a p p lic a tio n s  rang in g  fro m  d iag n o stic  im ag in g  to  ra d ia ­
tion  d o s im e try  to  d o s e  c a lc u la tio n s  in th e  tre a tm e n t o f  c a n c e r  w ith  ra d ia tio n . W ith  th e  d e v e lo p m e n t o f  m uch fa s te r  y e t a c c u ra te  c o d e s  fo r ra d io th e ra p y  tre a tm e n t p lan n in g , M o n te  
C a rlo  te c h n iq u e s  a re  be in g  e x te n s iv e ly  d e v e lo p e d  c o m m erc ia lly  fo r ra d io th era p y  a p p lic a tio n s  a nd  co n tin u e  to  be  w id e ly  u sed  fo r  re s e a rc h . C o m in g  full c irc le , th e  e x te n s io n s  o f  
E G S  to  lo w e r e n e rg ie s  led to  it be in g  u sed  fo r  s im u la tin g  e le c tro n  tra n s p o rt in th e  S N O  n e u trin o  d e te c to r  a n d  h e n c e  it is a g a in  a  fron t line partic le  p hysics  tool.

1 0 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n
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R é s u m é s  d e s  ses s io n s  o r a l e s

[WE-A8]

(DIAP-DIMP/
DPIA-DPIM )

I n s t r u m e n t a t i o n  a n d  T e c h n i q u e s  i n  B i o m e d i c a l  P h y s i c s  I I  /  

I n s t r u m e n t a t i o n  e t  t e c h n i q u e s  e n  p h y s i q u e  b i o m é d i c a l e  I I

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

10h00 - 12h30

[ R o o m /S a l le  : C o lb o u r n e  ] C h a ir :  R . M aev , U .W in d s o r

W E -A 8 -1 10h 00

U L R IC H  J . K R U L L , U n iv ers ity  o f  Toronto  a t M is s is s a u g a

G e n o m ic  Target Id e n tifica tio n  u s in g  Im a g in g  o f  D is tr ib u te d  G rad ien ts  o f  O lig o n u c le o tid e  P ro b e s  in  C o n jun c tion  w ith  M ic ro flu id ics

T h e  d e te c tio n  o f n uc le ic  a c id s  using b io s en s o rs  a n d  m icro a rray  c h ip s  is n o w  u sed  in m a n y  a p p lic a tio n s  s uch  a s  fo re n s ic  iden tifica tion , s c re en in g  o f  g e n o m e s  fo r  m uta tio n s , an d  
d e te c tio n  a nd  id en tifica tion  o f b a c te r ia  a n d  v iru s e s . O n e  im p o rtan t find ing  is th a t th e  contro l o f  th e  de n s ity  o f  im m o b ilize d  s in g le  s tran d ed  p ro b e  m o le c u le s  c an  be  u sed  to  tu n e  
s e lectiv ity  to  fa c ilita te  d e te c tio n  o f e v e n  s in g le  b a s e  p a ir m is m a tc h e s . T h e  resu lts  a re  n o w  b e in g  im p le m e n te d  to  d e v e lo p  n e w  d e v ic e  te c h n o lo g ie s . O n e  a p p ro a c h  p ro v id es  fo r a  
m u lti-d im e n s io n a l d istribution  o f s e le c t iv e  ch em is try  a t a  s u rfa ce , but in such  a  w a y  th a t th e  c o a tin g s  o f p ro b e  m o le c u le s  a re  con tin u o u s , an d  o p e ra te  to  p ro v id e  g ra d ie n ts  o f  s e le c ­
tiv ity  in o n e  o r m o re  d irec tio n s . S u ch  a  G ra d ie n t R e s o lv e d  In fo rm atio n  P la tfo rm  (G R IP )  is b a se d  on  a  s u rfa c e  th a t is c o a te d  w ith  a  co n tin u o u s  g ra d ie n t o f de n s ity  a n d /o r  s e q u e n c e  
a n d /o r  o rien tatio n  an d  s tru c tu re  o f s s D N A . T h e  loca tio n , e x te n t o f h y b rid iza tio n , an d  s p e e d  o f hyb rid iza tio n  on s uch  a  s u rfa c e  by a  ta rg e t s e q u e n c e  c an  be  u sed  to  identify  and  
q u a n tita tiv e ly  m e a s u re  th e  ta rg e t. T h e  go a l o f th is  re s e a rc h  is to  c o m b in e  q u a n tita tiv e  m icroflu id ics  using e le c tro k in e tic  flo w  w ith  th is  novel fo rm  o f b ioch ip  to  c re a te  a  q u a n tita tiv e  
s en s in g  s y s te m  th a t is su itab le  fo r c o n cu rre n t rap id  a n a ly s is  o f  m u ltip le  n u c le ic  acid  ta rg e ts . W e  a re  d e v e lo p in g  a  m icro flu id ics  p a c k a g e  th a t q u a n tita tiv e ly  d e liv e rs  ta rg e t o lig o n u ­
c le o tid e  to  a  G R IP  ch ip , w ith  d e te c tio n  o f  h ybrid iza tion  be in g  d o n e  in p s e u d o -re a l-tim e  using  e p i- flu o re s c e n c e , c o n fo c a l f lu o re s c e n c e  an d  tim e -re s o lv e d  f lu o re s c e n c e  m e th o d s .

W E -A 8 - 2  1 0 h 3 0

J U A N  J  A L V A R A D O -G IL , U n ivers ity  o f G u e lp h

S tu d y  o f  B lo o d  S e d im e n ta tio n  by  P h o to th e rm a l a n d  O p tica l Techn iques

B lo o d  s e d im e n ta tio n  ra te  is a  usual in d ica to r in c lin ical d iag n o s is , be in g  e s p e c ia lly  he lp fu l a s  an  au xilia ry  m e th o d  in th e  d e te rm in a tio n  o f d is e a s e s . T h e  u s e  o f n e w  te c h n iq u e s  in 
th e  s tudy  o f  th e s e  p h e n o m e n a  w o u ld  pe rm it to  e s tab lish  m o re  a d e q u a te  m e th o d o lo g ie s  a s  w e ll a s  n e w  a p p lic a tio n s  o f th is  c lin ical ind icator. T h e  d y n a m ic s  o f fish b lood s e d im e n ­
ta tion  is s tu d ied  a t re a l tim e  using pho to ac o u s tic , p h o to p yro e lec tric  an d  op tica l te c h n iq u e s . In th e  c a s e  o f p h o to th e rm a l te c h n iq u e s  tw o  c o n fig u ra tio n s  a re  s h o w n , d irec t illum ina ­
tion  o f th e  s a m p le  an d  illum ina tion  o f th e  s u b s tra te  in w h ich  th e  b lood is s tan d in g . It is sh o w n  th a t th e  tim e  e vo lu tion  o f  th e  s ig n a l fo llo w s  a  sec o n d  o rd e r k ine tics , d o m in a te d  by 
th e  c h a n g e  o f  th e  op tica l p ro p e rties  in th e  first c a s e  a n d  by th e  th e rm a l o n e s  in th e  s e c o n d . In th e  c a s e  o f th e  op tica l te c h n iq u e s  th e  s tudy is b a se d  on th e  a n a ly s is  o f light tra n s ­
m iss ion  th ro u g h  th e  b lood . T h e  tra n s m itted  light is s im u lta n e o u s ly  m o n ito re d  by a  v ertic a l a r ra n g e m e n t o f op tical fib re s  c o n n e c te d  to  p h o to d io d es . T h is  te c h n iq u e  perm its  us to  
study  th e  d y n a m ic s  o f s e d im e n ta tio n  a t rea l tim e  an d  a t d iffe re n t h e ig h ts . It is sh o w n  th a t th e  resu lts  fo r th e  p a ra m e te rs  o f s e d im e n ta tio n  d e p e n d  s trongly  on th e  h e ig h t a t w hich  
th e  op tica l fib re s  a re  pos itio n ed . T h is  a llo w s  us to  find th e  o p tim a l h e ig h t a t w h ich  th is  kind o f s tu d ies  cou ld  p rov id e  c o n s is te n t a nd  p re c is e  resu lts . R e su lts  fo r  fish  b e lo ng ing  to  
th re e  e x p e rim e n ta l g ro u p s  tre a te d  w ith  d iffe re n t s u b s ta n c e s  a re  p re s e n te d . T h e  d iffe re n c e s  o b s erv e d  in th e  s e d im e n ta tio n  ra tes  a re  d isc u s se d .

1 1 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé

W E -A 8 - 3  1 1 h 3 0

A N D R Z E J  K O T L IC K I,  U n ivers ity  o f British C o lu m b ia

A p p lie d  R e sea rch  a t  th e  S tru c tu re d  S u rfa ce  P h ys ics  L a b o ra to ry  a t  U B C *

W e  a re  go ing  to  d e s c rib e  th e  p ro jec ts  th a t c o nstitu te  th e  re s e a rc h  cu rren tly  be in g  p e rfo rm ed  in th e  S tru c tu re d  S u rfa c e  P h ys ics  L a b o ra to ry  a t U B C . T h e re  a re  th re e  m a jo r  p ro jects , 
tw o  o f w h ich  a re  qu ite  a d v a n c e d  an d  a re  be in g  partia lly  d e v e lo p e d  by a  U B C  s p in -o ff co m p an y . T h e y  a re  a s  fo llow s: 1 ) T h e  C h a rg e d  Liquid E le c tro -A ctiv e  R e s p o n s e  D isp lay  
(C L E A R ) is a  n e w  re flec tiv e  d isp lay  te c h n o lo g y  w ith  d ra m a tic a lly  in c re a s e d  re fle c ta n c e  d iffe re n c e  b e tw e e n  b lac k  a n d  w h ite  s ta te s  in all lighting con d itio n s  (c o m p a re d  to  a  m o re  tra ­
d itiona l L C D  d isp lay ); 2 )  T h e  H igh  D y n a m ic  R a n g e  (H D R ) d isp lay  is c a p a b le  o f d isp la y in g  light in tensity  o v e r fiv e  o rd e rs  o f  m a g n itu d e , c o m p a re d  to  a  re g u la r  T V  s e t w ith  a  ra n g e  
o f only 2  o rd e rs  o f m a g n itu d e ; a n d  3 ) T h e  n e w  “g re e n ” trip le  illum ination  s y s te m  u s es  a lte rn a tiv e  light so u rce s : s o la r  light an d  th e  light th a t is norm a lly  lost fro m  g a s  fu rn a c e s , a s  
w e ll a s  e le c tric  flu o re s c e n t light. W e  w ill a ls o  shortly  in tro d u c e  s e v e ra l o th e r  p ro jects : th e  “M illis u n ,” a n  illu m in a to r th a t p ro d u c e s  a  w id e  light b e a m  w ith  th e  a n g u la r  c h ara c te ris tic  
o f s o la r light; a  n e w  kind o f in tegratin g  s p h ere ; an  e le c tro s ta tic  a ir  pum p; a n  e le c tro s ta tic  liquid p u m p , an d  a  P ro te in  A d s o rp tio n  S en s o r.

* In collaboration with L.A. Whitehead, M. Mossman and H. Seetzen, University of British Columbia.

W E -A 8 - 4  1 2 h 0 0

L U C  B E A U L IE U , U n iv e rs ité  L a va l e t C e n tre  H o s p ita lie r  U n iv e rs ita ire  d e  Q u é b e c  

S c in tilla tin g  O p tica l F ib e rs  a s  H ig h  P re c is io n , S m a ll A re a  D o s im e te rs  in R a d ia tio n  T h e ra p y*

R a d io th e ra p y  tre a tm e n t p lan n in g  a im s  a t d e liverin g  a  high an d  un ifo rm  d o s e  to  th e  ta rg e t v o lu m e  w h ile  s paring  surro u n d in g  n o rm a l tis s u e s  a s  m uch a s  po ssib le . W ith  th e  a d v e n t  
o f In tensity  M o d u la te d  R a d ia tio n  T h e ra p y  ( IM R T ) th e  tu m o rs  c an  be  literally  d o s e -”p a in te d ”. H o w e v e r  w ith  such  a  p rec is ion , q ua lity  a s s u ra n c e  (Q A ) h a s  b e c o m e  a  long and  
te d io u s  p ro c es s . IM R T  invo lves  a  la rg e  n u m b e r (o v e r 1 0 0 )  o f s m a ll s e g m e n ts . E a c h  s e g m e n t can  h a v e  low  (1 c G y ) to  h igh (fe w  te n s  o f c G y ) d o s e  leve ls . W h ile  Q A  p ro c es s es  
a re  n e c e s s a ry  to  e x p e rim e n ta lly  con firm  th e  d o s e  p re d ic te d  by tre a tm e n t p lan n in g  a lg o rith m s, only a  lim ited  n u m b e r o f so lu tio n s  a re  a v a ila b le  fo r th e  s im u lta n e o u s  m e a s u re m e n t  
o f th e  a b s o lu te  d o s e  in m u ltip le  po in ts  w ith  a  h igh s p atia l reso lu tio n . W e  a re  propos ing  a  n e w  so lu tion  to  th is  p ro b le m  by build ing an  a b s o lu te  d o s e  d e te c tio n  s y s te m  b a s e d  on  
scin tilla ting  op tica l fib e rs . S u c h  d e te c to rs  can  h a v e  a  v ery  sm all d e te c tio n  v o lu m e , c an  be  u sed  in v a r io u s  g e o m e tr ie s  a n d  c an  be  s c a le d  up  to  e as ily  inc lude  a  fe w  h u n d re d s  indi­
v id u a l units . M o re o v e r, sc in tilla ting  fib e rs  a re  w a te r -e q u iv a le n t (th e  m e d iu m  o f re fe re n c e  in rad ia tion  th e ra p y ) a n d  cost on ly  a  fe w  c e n ts  p e r m m . A c o n s is te n t an d  e le g a n t solu tion  
to  th e  p ro b le m  o f su b strac tin g  th e  C e re n k o v  light production  (n o is e  on th e  m e a s u re m e n ts ) h a s  b e en  fo u n d . T h e  m e th o d  is b a se d  on  th e  s im u lta n e o u s  m e a s u re m e n t o f th e  light 
outp u t using  c o lo r filte rs . F u rth e rm o re , using  a  C C D  c a m e ra  s o lv e s  th e  p ro b le m  o f re ad in g  h u n d re d s  o f  such  d e te c to rs  in a  s im p le  a n d  e a s y -to -u s e  fo rm .

* In collaboration with L. Archam bault1>2, L. G ingras1>2, and R. R o y 1, 1 Université Laval et 2 Centre Hospitalier Universita.

1 2 h 3 0 S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A9] Y o u n g  I n v e s t i g a t o r s  i n  C o n d e n s e d  M a t t e r  P h y s i c s  I I  /

(D CM M P/DPM CM ) J e u n e s  c h e r c h e u r s ( s e s )  e n  p h y s i q u e  d e  l a  m a t i è r e  c o n d e n s é e  I I

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

10h00 - 12h30

[ R o o m /S a l le  : B a llr o o m  A  ] C h a ir :  M . C o te , U .M o n tre a l

W E -A 9 -1  1 0 h 0 0

F E D E R IC O  R O S E I,  I IN R S -E M T , U n ivers ity  o f Q u e b e c

C ritica l Is s u e s  in G e /S i N a n o s tru c tu re s : P o s ition ing , In te rm ix in g  a n d  R ipen ing

T h e  grow th  o f G e  on S i s u rfa c e s  p ro c e e d s  acc o rd in g  to  th e  S tra n s k i-K ra s ta n o w  m o d e : a fte r  th e  fo rm a tio n  o f a  3 - 5  m o n o la y e r th ick  w ettin g  layer, 3 D  is lands  n u c le a te  to  partially  
re lie v e  th e  s tra in  d u e  to  th e  4 .2 %  la ttice  m ism a tc h . T h is  grow th  m o d e  is c o m m o n  in h e te ro ep ita x y , a n d  G e - S i  is a  go o d  m o d e l s y s te m  fo r s tudyin g  is land  grow th  in la t t ic e -m is ­
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m a tc h e d  h e te ro s tru c tu re s [1]. W e  m o n ito red  th e  grow th  p ro c es s  in s itu , tak in g  S ca n n in g  T u n n e lin g  M ic ro sc o p y  a n d  L o w  E n e rg y  E le c tro n  M ic ro sc o p y  (L E E M ) m o v ie s . C ritica l issues  
in c lu d e  th e  c on tro lled  position ing  o f G e /S i is la n d s [2], G e - S i  interd iffus ion  p ro c e s s e s [3], a n d  ripen ing  p ro c e s s e s  th a t a ffe ct is lands  a fte r  g ro w th [4]. In th is  p re se n ta tio n  I w ill a d d re s s  
all th re e  iss u e s:

(i) B y using  s te p -b u n c h e d  S i(1 1 1 ) s u rfa c e s  a s  te m p la te s , w e  d e m o n s tra te  th e  s e lf -a s s e m b ly  o f  an  o rd e re d  d istribution  o f  G e  is la n d s  w ith o u t  lithograph ic  p a tte rn ing  [2].
(ii) G e /S i in te rm ix ing  h a s  b e e n  sh o w n  to  be  s ig n if ic a n t[3], but th e  c om position  o f s in g le  is lands  re m a in s  u n k n o w n . H e re  I d e s c rib e  G e - S i  in term ix ing  fro m  in d iv id u a l is lands  m e a s ­

u red  in s itu  using X - R a y  P h o to e m iss io n  E le c tro n  M ic roscopy .
(iii) F ina lly , L E E M  m o v ie s  ta k e n  in s itu  during  p o s t-d e p o s itio n  a n n e a lin g , re ve a l a  su rpris ing  p h e n o m e n o n  o f m e ta s ta b ility [4].

1. F. Rosei, R. Rosei, Surf. Sci. 500, 395 (2002).
2. A. Sgarlata, PD. Szkutnik, A. Balzarotti, N. Motta, and F. Rosei, Appl. Phys. Lett., 83 , 4002 (2003).
3. F. Boscherini, G. Capellini, L. Di Gaspare, N. Motta, F Rosei, S. Mobilio, Appl. Phys. Lett. 76, 682 (2000).
4. F. Ratto, N. Motta, A. Sgarlata, PD. Szkutnik, S. Cherifi, S. Heun, A. Locatelli, M. De Crescenzi, and F Rosei, in preparation.

W E -A 9 - 2  1 0 h 3 0

R O B E R T  K N O B E L ,  Q u e e n ’s U n ivers ity

In te g ra te d  M e ch a n ics  a n d  E le c tro n ic s  a t  th e  N a n o sca le

E xciting  n e w  a d v a n c e s  in fab rica tio n  te c h n o lo g y  a re  a llow ing  re s e a rc h e rs  to  s tart m a k in g  m e c h a n ic a l d e v ic e s  a t th e  n a n o s c a le . T h e  s im p le s t o f such  d e v ic e s , tiny  flexing  b e a m s ,  
w ill re sp o n d  to  v a n is h in g ly  s m all fo rc e s  a t fre q u e n c ie s  up to  th e  m ic ro w a v e  ra n g e . T h e s e  c an  fo rm  th e  h e art o f n o v e l fo rc e  s en s o rs , m o re  s e n s itiv e  sca n n in g  p ro b e  m icro s c o p es  
a n d  in te g ra ted  ra d io -fre q u e n c y  filte rs . O n e  intriguing possib ility  is th a t n a n o m e c h a n ic a l re so n a to rs  a t c ryo g e n ic  te m p e ra tu re s  m a y  a llo w  th e  d e te c tio n  o f q u a n tu m  m e c h a n ic a l 
e ffe c ts  in a  m a cro s co p ic  m e c h a n ic a l o b je c t. A  critical c h a lle n g e  to  re ac h  th is  limit is th e  m e a s u re m e n t o f th e  d is p la c e m e n t, s in c e  ex is ting  te c h n iq u e s  a re  e ith e r  not s en s itive  
e n o u g h  o r d o  not s c a le  w e ll to  s u b -m icro n  s tru c tu res  an d  s u b -K e lv in  te m p e ra tu re s . T h e  e xq u is ite  c h a rg e  s ens itiv ity  o f th e  S in g le  E le c tro n  T ra n s is to r (S E T ),  a s  an  in te g ra ted  n a n o ­
e le c tro n ic  d e v ic e , is w e ll su ited  to  m e a s u re m e n ts  o f q u a n tu m  s y s te m s . I w ill p re se n t m e a s u re m e n ts  exp lo iting  th e  S E T  to  d e te c t th e  d is p la c e m e n t o f a  n a n o m e c h a n ic a l res- 
o n a to r [1]. T h is  c lo s e  couplin g  o f  a  q u a n tu m  e le c tro n ic  s y s te m  w ith  a  (pos s ib ly ) q u a n tu m  m e c h a n ic a l s y s te m  s u g g e s ts  a  fa s c in a tin g  lab o ra to ry  fo r  s tu d ies  o f d e c o h e re n c e , q u a n ­
tu m  contro l a n d  m e a s u re m e n t. I w ill s u rve y  e x p e rim e n ts  p ro p o s ed  to  reach  th e s e  limits.

1. R.G. Knobel and A.N. Cleland, Nature 424, 291 (2003).
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E L D O N  G . E M B E R L Y , S im o n  F ra s e r  U n ivers ity

T h e  S m a lle s t M o le c u la r  S w itch

T h e  fie ld  o f m o le c u la r  e le c tro n ics  c o n c e rn s  itself w ith  th e  s tudy  o f  th e  e le c tro n ic  p ro p e rties  o f  s in g le  m o le c u le s  a tta c h e d  to  e x te rn a l v o lta g e  s o u rce s . M o le c u la r  w ire s  d isp lay  an  
a s s o rtm e n t o f c o n d u c ta n c e  b e h a v io u r a nd  it is th o u g h t th a t th e y  m ay  s o m e d a y  re p la c e  c o n v e n tio n a l s em ic o n d u c to r  d e v ic e s . In th is  ta lk , I w ill d isc u s s  th e  th e o re tica lly  pred ic ted  
sw itch ing  b e h a v io u r o f th e  s m a lle s t m o le c u la r  s w itc h , n a m e ly  a  b e n z e n e -d ith io la te  m o le c u le  b o n d e d  b e tw e e n  a  gold e le c tro d e  a n d  a  s ca n n in g  tu n n e lin g  m ic ro s c o p e . R e m a rk a b ly , 
th e  m o lec u le  c an  ex is t in tw o  d iffe re n t lo w  e n e rg y  c o n fig u ra tio n s  - o n e  c o n ducting  a n d  th e  o th e r no t. F lipp ing  b e tw e e n  th e s e  s ta te s  is p re d ic te d  to  be  in d u ced  v ia  la te ra l m otion  o f 
th e  S T M  tip  o r v o lta g e  p u ls e s . S u ch  a  m e c h a n is m  m ight e x p la in  re c e n t e x p e rim e n ts  th a t h a v e  s e e n  S T M  in d u ced  sw itch ing  using s im ila r m o le c u la r  c o m p o n e n ts .
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F E I  Z H O U , U n iv ers ity  o f British C o lu m b ia  

S p in  C o rre la te d  U ltra C o ld  A to m s

R e c e n t e x p e rim e n ts  on co ld  a to m s  in op tica l tra p s  a n d  op tica l la ttices  h a v e  re v e a le d  m a n y  exc iting  p ro p e rties  o f c o rre la ted  a to m s  w h ich  a re  b e yo n d  th e  s c o p e  o f c o n d en sa tio n  o f 
s p in le s s  a to m s . In th is  ta lk  I o ffe r  an  introduction  to  v a r io u s  sp in  c o rre la ted  s ta te s  o f cold  a to m s  recen tly  in ve s tig a ted . I w ill fo c u s  on  Ising s y m m e tr ie s  in m a n y -b o d y  w a v e  fu n c ­
tio n s  an d  d isc u s s  c o n s e q u e n c e s  in spin  n e m a tic  M o tt s ta te s  (S N M ), S p in  S in g le t M o tt (S S M ) s ta te s  a n d  D im e riz e d  V a le n c e  B ond  C ry s ta l s ta tes  (D V B C ) fo u n d  in v a rio u s  limits.
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[WE-A10] Particle Astrophysics / WEDNESDAY, JUNE 16

(PPDj Astrophysique des particles MERCREDI, 16 JUIN
10h00 - 12h00

[ R o o m /S a l le  : V ic to r ia  ] C h a ir :  W. T r is c h u k , U .T o ro n to
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K E V IN  G R A H A M ,  Q u e e n ’s U n ivers ity

R e c e n t R e su lts  fro m  the  S u d b u ry  N e u tr in o  O b se rva to ry

F ro m  m e a s u re m e n ts  o f th e  flux o f 8B s o la r n e u trin o s , th e  S u d b u ry  N e u tr in o  O b s e rv a to ry  h a s  n o w  m a d e  s ign ifican t con trib u tio n s  to  s o la r a n d  n e u trino  physics  from  both th e  initial 
‘p u re  D 2O ’ a n d  s ec o n d  ‘s a lt ’ p h a s e s . A  s u m m a ry  o f resu lts  to  d a te  w ill be  p ro v id ed  a lo n g  w ith  s o m e  d e ta ils  o f th e  e x p e rim e n ta l p ro c e d u re s  u tilized . A  d e scrip tion  o f d e te c to r  ca li­
b ra tion  a n d  s y s te m a tic  u n certa in ty  e v a lu a t io n s  fo r th e  s alt p h a s e  w ill be  g ive n  includ ing  e n e rg y , re c o n s tru c tio n , a nd  b a ck g ro u n d  e v a lu a t io n s  a n d  w ith  s o m e  e m p h a s is  p laced  on  
th e  d iffe re n c e s  b e tw e e n  neu tro n  re s p o n s e  in th e  first an d  s ec o n d  p h a s e s  o f d a ta  ta k in g . T h e  im p act o f S N O  resu lts  w ill be  w ill be  d isc u s se d  w ith  p a rticu la r fo c u s  p lac e d  on th e  
im p ac t o f th e  flux  resu lts  on n e u trin o  p a ra m e te rs . A  b rie f a c c o u n t o f th e  c u rren t p h a s e  o f  o p e ra tio n  a n d  fu tu re  e x p e c ta tio n s  w ill c o n c lu d e  th e  s es s io n .

W E -A 1 0 -2  1 0 h 3 0

K E N N E T H  J . R A G A N , M c G ill U n ivers ity

S T A C E E  C o n tin u e s  —  VE R ITA S  L ive s !

W e  w ill d isc u s s  th e  c u rren t s ta tu s  o f th e  S T A C E E  an d  V E R IT A S  g ro u n d -b a s e d  g a m m a -ra y  a s tro p h ys ics  pro jec ts . Both a re  b a se d  on th e  p roven  A tm o s p h e ric  C h e re n k o v  
T e c h n iq u e  (A C T ) in w h ich  h ig h -e n e rg y  g a m m a -ra y s  a re  d e te c te d  by o b s erv a tio n  o f th e  C h e re n k o v  light p ro d u c ed  by th e ir  c a s c a d e s  in th e  u p p e r a tm o s p h e re . S T A C E E  s a m p le s  
th e  resu lting  C h e re n k o v  w a v e fro n t using  th e  la rg e  m irrors  o f a  s o la r  re s e a rc h  facility, in p rincip le  a llow ing  lo w e r th re s h o ld s  th a n  h itherto  o b ta in e d  fro m  firs t-g e n e ra tio n  A C T  instru ­
m e n ts . S T A C E E  is c o m p le te  an d  o p e ra tin g  an d  resu lts  w ill b e  p re se n te d  fro m  th e  d a ta  ta k e n  to  d a te . V E R IT A S  is an  a rra y  o f  4  im ag in g  te le s c o p e s , e a c h  o f  w h ich  c re a te s  an  
im a g e  o f th e  C h e re n k o v  s h o w e r  in a  p ixe la ted  c a m e ra . It is n o w  u n d e r construction  in A riz o n a  an d  s c h e d u le d  fo r  c o m p le tio n  in e a r ly  2 0 0 6 . W e  w ill p re s e n t th e  c u rren t s ta tu s  o f 
th e  d e te c to r  a n d  its fo re s e e n  c ap a b ilit ie s , a s  w e ll a s  d a ta  fro m  th e  p ro to typ e  w h ich  h a s  b e e n  recen tly  c o m m is s io n e d .
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108 Physics in Canada May / June 2004



Résumés des sessions orales

W E -A 1 0 -3  1 1 h 1 5

W a v e le n g th  S h ifte r  in th e  H e a v y  W a te r  o f th e  S u d b u ry  N e u trin o  O b s e rv a to ry , E t ie n n e  R o ll in ,  C a rle ton  U n ive rs ity  —  In o rd e r to  h a v e  a c c e s s  to  th e  lo w e r e n e rg y  part o f  th e  
B o ro n-8 s o la r n eu trino  e n e rg y  s p ec tru m , a  p ro p o sal h a s  b e e n  m a d e  to  a d d  w a v e le n g th  s h ifte r m o le c u le s  (W L S ) to  th e  h e a v y  w a te r  o f th e  S u d b u ry  N e u trin o  O b s e rv a to ry  (S N O ).  
W L S  shou ld  in c re a s e  th e  n u m b e r o f pho to n s  d e te c te d  p e r  e v e n t w h ile  k e e p in g  th e  e x te rn a l b a c k g ro u n d s  a t a  low  le v e l. T h is  h a s  th e  po te n tia l to  lo w e r th e  e n e rg y  th re s h o ld  cut 
cu rren tly  u sed  by th e  S N O  c o lla b o ra tio n . M o n te c a rlo  s tu d ies  s h o w  th a t using a  C a rb o s ty r il-1 2 4  so lu tion  a t a  c o n ce n tra tio n  o f 1 ppm , o n e  c an  lo w e r th e  e n e rg y  th re s h o ld  from  
5 .5  to  3 .5  M e V . T h e  p hysics  im p lic a tio n s  o f s uch  a  re duction  w ill b e  d isc u s se d .
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S N O . S N E W S . an d  th e  N e x t G a la c t ic  S u p e rn o v a . C la r e n c e  J . V ir tu e ,  Lau re n tia n  U n iversity, fo r  th e  S N O  C o lla bo ra tion  —  A t y p e  II s u p e rn o v a  re le a s e s  9 9 %  o f its e n e rg y  in th e  
fo rm  o f neu trin o s  o v e r  a  b rie f t im e s c a le  o f te n s  o f s ec o n d s . T h e s e  ne u trin o s  e s c a p e  fro m  th e  p ro to -n eu tro n  s ta r  fo llow ing  co re  c o lla p s e  an d  a re  an  e x c e lle n t w in d o w  into th e  
d y n a m ic s  o f  th e  s u p e rn o v a  p ro c es s  itself, w h o s e  d e ta ile d  u n d e rs tan d in g  is s e e n  a s  o n e  o f  th e  re m a in in g  “g ra n d  c h a lle n g e s ” o f  c o m p u ta tio n a l physics. T h e  S u d b u ry  N e u trin o  
O b s e rv a to ry  (S N O ) is o n e  o f s e v e ra l d e te c to rs  w o rld w id e  c a p a b le  o f  ob s erv in g  g a la c tic  s u p e rn o v a e , th ro u g h  th e  d e te c tio n  o f h u n d re d s  to  th o u s a n d s  o f  n eu trino  in te rac tion  e v e n ts . 
C u rre n t m o d e ls  o f  th e  s u p e rn o v a  p ro c es s  h a v e  robust a n d  d istingu ish ing  fe a tu re s  in th e ir  n eu trino  e n erg y , fla v o u r an d  lum inosity  s p e c tra . S N O ’s c a p a b ilit ie s  to  e x tra c t neu trino  
e n e rg y  a n d  fla v o u r d is trib u tions  a re  th e re fo re  im p o rtan t to o ls  in prov id ing  e x p e rim e n ta l co n stra in ts  to  s u p e rn o v a e  theory . A  ta n ta liz in g  a s p e c t o f s u p e rn o v a  n e u trin o  d e te c tio n  is 
th a t th e  n e u trin o s  p re c e d e , by up  to  10  hours , th e  v is ib le  e rup tion  o f th e  m a n tle  o f th e  star. T h is  po ten tia lly  a llo w s  fo r an  a le rt to  b e  issued  b e fo re  th e  s u p e rn o v a  is o th e rw is e  
d e te c ta b le . T h o u g h  g a la c tic  s u p e rn o v a e  a re  ra re  e v e n ts , occurring  a p p ro x im a te ly  e ve ry  1 0 -5 0  y e a rs , a  fa ls e  a n n o u n c e m e n t fro m  a  n eu trino  d e te c to r  w o u ld  be  v ery  d isrup tive  to  
th e  ob s erv in g  p ro g ra m s  o f a s tro n o m ic a l in stru m en ts  a ro u n d  th e  w o rld . H o w e v e r, a  p ro m p t a n n o u n c e m e n t fo llow ing  on  th e  re a l-t im e  o b s erv a tio n  o f  a  s u p e rn o v a  n eu trino  s ign al 
w o u ld  a ls o  be  a  u n iq u e  o pportun ity  fo r th e  a s tro n o m ic a l c o m m u n ity  to  o b s e rv e  a  n e a r-b y  s u p e rn o v a  w ith  m o d e rn  in s tru m en ts  fro m  th e  e a r lie s t pos sib le  m o m e n t. In o rd e r to  
e n s u re  a  p rom pt a n d  positive  a le rt s e v e ra l n eu trino  d e te c to rs  h a v e  fo rm e d  th e  S u p e rn o v a  E arly  W a rn in g  S y s te m  (S N E W S ). T h is  p re se n ta tio n  w ill ou tlin e  th e  po te n tia l o f  S N O  fo r  
s u p e rn o v a  p hysics  an d  th e  te c h n iq u e s  in p la c e  to  m a x im iz e  th is  sc ien tific  o p portun ity  by prov id ing  a  re lia b le  a n d  tim e ly  a le rt to  th e  a s tro n o m ic a l c o m m u n ity  th roug h  S N E W S .
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P o ss ib le  Tests  o f U n iv e rs a l G ra v ita tio n  a t S h o rt D is ta n c e s , P e te r  W a ts o n , C a rle to n  U n ive rs ity  —  A n u m b e r  o f re ce n t th e o r ie s  h a v e  s u g g e s te d  th a t th e  in v e rs e -s q u a re  law  m ay  
b e  m od ified  a t short d is ta n c e s . C u rre n t e x p e rim e n ta l lim its  s h o w  th a t it is va lid  d o w n  to  a t lea s t 1 5 0 μ : but th e re  a re  e ffe c tive ly  no lim its b e lo w  1 0 μ . W e  s h o w  th a t it is pos sib le  to  
obta in  a  v e ry  w e a k  lim it fo r  s h o rte r d is ta n c e s , a nd  s u g g e s t th a t it m a y  b e  p ossib le  to  u s e  a  “qu a n tu m  p e n d u lu m ” to  go  b e lo w  1 μ.

1 2 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A11]

(DNP-DAMP/

I o n  T r a p s  i n  A t o m i c  a n d  N u c l e a r  P h y s i c s  /

Pièges à ions en physique atomique et nucléaire
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
10h00 - 12h45

[ R o o m /S a l le  : C a m p a ig n  A  ] C h a ir :  K . S h a rm a , U .M a n ito b a
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M A T T H E W  P E A R S O N , T R IU M F  

N u c le a r  P h ys ics  F ro m  Cold, T rapped  A to m s

N e u tra l a to m  tra p s  p ro v id e  a  w e ll lo ca lise d , back ing  fre e  s a m p le  o f co ld  a to m s . In add ition  th e  s a m p le  is both iso top ica lly  a n d  iso m e rica lly  p u re  a n d  he ld  w ith in  a  highly con tro l­
lab le  e n v iro n m e n t. W h e n  c o u p le d , o n -lin e  to  a  ra d io a c tive  b e a m  fac ility  th is  a llo w s  fo r  p rec is ion  a to m ic  s p ec tro s co p y  to  be  p e rfo rm ed  a lo n g  a  c h a in  o f iso to p e s . T h e s e  m e a s u re ­
m e n ts  c an  y ie ld  d e ta ile d  in fo rm ation  on th e  ground  s ta te  n u c le a r  m o m e n ts  a n d  n u c le a r  sp in  a s  w e ll a s  th e  c h a rg e  a nd  m a g n e tis a tio n  d is trib u tions  w ith in  th e  nuc leu s . R e c e n t  
m e a s u re m e n ts  on P o ta s s iu m  iso to p e s  p e rfo rm ed  a t T R IU M F s  T R IN A T  fac ility  w ill be  sh o w n  a lo n g  w ith  fu tu re  p lan s.
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J A M E S  D .D . M A R T IN ,  U n iv ers ity  o f  W a te r lo o

D ip o le -D ip o le  In te ra c tio n s  B e tw e e n  U ltra co ld  R yd b e rg  A to m s*

H ig h ly  e xc ite d  R y d b e rg  a to m s  m a y  strong ly  in te rac t th roug h  d ip o le -d ip o le  c oup lin g . T h u s , te m p o ra ry  exc ita tion  to  R y d b e rg  s ta te s  h a s  b e e n  p ro p o s ed  fo r im p lem e n tin g  q u a n tu m  
g a te s  b e tw e e n  s in g le  n e u tra l a to m s  s toring  q u b its [1], a nd  a s  a  m e a n s  to  e n c o d e  qub its  in s m all c lo u d s  o f  n eu tra l a to m s  (such  a s  in m a g n e tic  m ic ro tra p s )[2]. To in ve s tig a te  th e  
fe a s ib ility  o f th e s e  p ro p o s a ls  w e  h a v e  e x p e rim e n ta lly  s tu d ied  th e  d ip o le -d ip o le  in te rac tio n s  b e tw e e n  cold  R y d b e rg  a to m s . C o ld  R u b id iu m  a to m s  fro m  a  m a g n e to -o p tic a l tra p  a re  
e x c ite d  to  R y d b e rg  s ta te s  using  a  novel m o d e le s s  d y e  laser. T h e  d ip o le -d ip o le  in te rac tio n s  a re  th e n  p robed  using m ic ro w a v e  tra n s itio n s  a n d  s e le c tiv e  fie ld  io n izatio n . B oth re so ­
n a n t an d  n o n -re s o n a n t d ip o le -d ip o le  in te rac tio n s  h a v e  b e en  s tud ied .

1. Jaksch e t al., Phys. Rev. Lett., v. 85, 2208 (2000).
2. Lukin e t al., Phys. Rev. Lett., v. 87, 37901 (2001).
* In collaboration with K. Afrousheh, P. Bohlouli-Zanjani, M. Fedorov and D. Vagale and supported by NSERC, Canada Foundation for Innovation, and Ontario Innovation Trust.
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J E N S  D IL L IN G , T R IU M F

Io n  Traps in N u c le a r  P h ys ics : The U ltim a te  Too l fo r  P re c is io n  E xp e rim e n ts

Ion  tra p s  w h e re  o rig ina lly  d e v e lo p e d  fo r a to m ic  p hysics  p u rp o s es , but w e re  q u ickly  a d a p te d  by th e  n u c le a r  p hysics  c o m m u n ity  d u e  to  its u n iq u e  fe a tu re s  a n d  s tra it fo rw a rd  c o m ­
patibility. S o m e  o f th e  m ost a ttra c tiv e  a ttr ib u te s  is th a t th e s e  tra p s  a llo w  o n e  to  s to re  a  s a m p le  o v e r  an  e x te n d e d  period  o f tim e  in a  v e ry  w e ll d e fin e d  e n v iro n m e n t. T h is  perm its  
long o b s erv a tio n  tim e s , h e n c e  le a d s  to  b e tte r  p recis ion  in th e  m e a s u re m e n ts , o r p ro v id es  fo r add ition  m a n ip u la tio n , o ften  n e c e s s a ry  to  c arry  ou t th e  p ro c e d u re  o f in te res t. Ion  
tra p s  in n u c le a r  p hysics  a re  th e re fo re  m ostly  u sed  fo r e ith e r  h igh p recis ion  e x p e rim e n ts , o r s e rv e  a s  in te rm e d ia te  s te p s  w h e re  a d d itio n a l m a n ip u la tio n  te c h n iq u e s , like coo ling  or 
a c c u m u la tio n , c an  be  a p p lie d . A n  a d d itio n a l a s s e t is th e  g e n e ra l app lic a b ility  o f ion tra p s  to  all c h a rg e d  partic les , p a rticu la rly  im p o rtan t in n u c le a r  physics, w h e re  o n e  h a s  fo r  
e x a m p le  e x c e s s  to  a  broad  v arie ty  o f d iffe re n t iso topes. T h is  ta lk  re v ie w s  th e  v a rio u s  tra p p in g  te c h n iq u e s  a s  c urren tly  u sed  in n u c le a r p hysics  a n d  s h o w s, h o w  an d  w h y  s o m e  o f 
th e  b est p recis ion  e x p e rim e n ts , like C P T -te s ts  a n d  w e a k -in te ra c tio n  S ta n d ard  m o d e l te s t e m p lo y  ion tra p s . A n  o v e rv ie w  o f p re se n t w o rld -w id e  a ctiv ities  is g ive n .

W E -A 1 1 -4 12h 00

R e c e n t A to m ic  M a s s  M e a s u re m e n ts  on N u c le i F a r  F ro m  S tab ility  w ith  th e  C a n a d ia n  P e n n in g  T ra p  M a s s  S p e c tro m e te r , K .S . S h a r m a 1 an d  J .A . C la r k 1,2, R .C . B a r b e r1,
B . B la n k  2 3, C .  B o u d re a u  2 4, F. B u c h in g e r4, J .E . C ra w fo rd  4, S . G u lic k  4, J .C . H a rd y  5, A . H e in z  2 6, J .K .P . L e e  4, A .F . L e va n d  2, B. L u n d g re n  2, R .B . M o o re  4, G. S a v a rd  2,
N . S c ie lz o  2, D . S e w e r y n ia k 2, G .D . S p r o u s e 7, W . T r im b le 2, J . V a z  12, J .C . W a n g  12, Y. W a n g  12, Z .  Z h o u  2, 1 U n ive rs ity  o f  M an itoba ,  2A rg o n n e  N a tio n a l Lab o rato ry , 3C e n tre  
d ’E tu d e s  N u c lé a ire s  d e  B o rd e a u x -G ra d ig n a n , 4 M c G ill U n ivers ity , 5T e x a s  A & M  U nivers ity , 6Y a le  U n ivers ity  an d  7S tony B rook  U n ivers ity  —  T h e  C a n a d ia n  P e n n in g  T ra p  (C P T )  
m a s s  s p e c tro m e te r, installed  a t th e  A T L A S  fac ility  o f th e  A rg o n n e  N a tio n a l La b o ra to ry , w a s  d e s ig n e d  to  be  a b le  to  m e a s u re  th e  m a s s e s  o f a  w id e  v a r ie ty  o f n u c lides , h av ing  h a lf 
- l iv e s  a s  low  a s  5 0 m s , to  a n  a c c u ra c y  a p p ro a c h in g  1 p p b  o f th e  m a s s . S u ch  d a ta  a re  im p o rtan t b e c a u s e  th e y  p rov id e  input to  a s tro p h ys ica l th e o rie s  o f n u c leo s yn th e s is , a llo w
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te s ts  o f  fu n d a m e n ta l s ym m e tr ie s  in th e  s ta n d ard  m o d e l fo r partic le  p hysics  an d  p ro v id e  s trin g en t co n stra in ts  on th e o r ie s  th a t pred ic t n u c le a r  m a s s e s . R e c e n t e n h a n c e m e n ts  to  th e  
in s tru m en t to g e th e r  w ith  th e  resu lts  o f re ce n t p rec is ion  m a s s  m e a s u re m e n ts  a m o n g  proton a n d  n e u tron  rich nuclei w ill be  d isc u s se d .

W E -A 1 1 -5  1 2 h 1 5

Trip artite  E n ta n g le m e n t o f  a  T ra p p e d  A to m  in an  O p tic a l C a v ity *. T .J . H a r m o n , R .I.  T h o m p s o n  a n d  B .C . S a n d e rs , U n ive rs ity  o f  C a lg a ry  —  S in g le -a to m  cav ity  q u a n tu m  e le c tro d y ­
n a m ic s  (Q E D )  is im p o rtan t a t a  sc ien tific  lev e l a s  a  te s tb e d  fo r a to m -fie ld  couplin g  in c o m b in ed  s y s te m s  an d  to  e x p lo re  a to m -fie ld  e n ta n g le m e n t, w h ich  is im p o rtan t fo r  te s ts  o f  
Q E D  a n d  a p p lic a tio n s  to  q u a n tu m  in fo rm ation  s c ie n c e . A t a  te c h n o lo g ica l lev e l, s in g le -a to m  cav ity  Q E D  o ffers  th e  p ro s p ec t o f s in g le -p h o to n  s o u rce s , q u a n tu m  m e m o ry  s to ra g e , 
a n d  q u a n tu m  co m p u tin g . T h e  th e o ry  o f  th e  a to m  in th e  cav ity  is w e ll d e sc rib ed  by th e  J a y n e s -C u m m in g s  m o d e l, w h ich  tre a ts  th e  a to m  a s  an  e le c tric  d ipo le  in te rac tin g  w ith  a  s in ­
g le  m o d e  o f th e  cav ity  fie ld . H o w e v e r, re ce n t p ro g re ss  w ith  tra p p in g  n eu tra l a to m s  an d  ions a llo w s  q u a n tu m  fe a tu re s  o f th e  m otion  to  a ris e . T h e  resu ltan t e le c tro n -p h o to n -p h o n o n  
e n ta n g le m e n t is e sp e c ia lly  in te res tin g  a s  a  m a n ifes ta tio n  o f trip a rtite  e n ta n g le m e n t, w h ich  can  n o w  be  in ve s tig a ted  in cav ity  Q E D . W e  a re  particu la rly  in te res te d  in prob ing  th is  tri­
p artite  e n ta n g le m e n t a n d  p ro p o s e  th e  m e th o d  o f photon  c o in c id e n c e  s p ec tro s co p y  (P C S ),  w h ich  c o m b in e s  fe a tu re s  o f s p ec tra l ho le  burn ing  a n d  photon  corre la tio n  m e a s u re m e n ts , 
fo r  p rob ing  th is  e n ta n g le m e n t. In th e  spec ific  c a s e  o f  a  tra p p e d  ion, c oo led  b e lo w  th e  L a m b -D ic k e  lim it a n d  p os itioned  ins ide  a  cavity , w e  h a v e  d e v e lo p e d  a n  e x a c t, a n a ly tica l 
so lu tion  fo r th e  c oup lin g  o f th e  s inu so id a lly -o s c illa tin g  a to m  to  th e  cav ity  m o d e s  in th e  a d ia b a tic  a p p ro x im a tio n . T h is  resu lt a llo w s  a  d e te rm in a tio n  o f th e  o f  th e  s p e c tru m  a to m -c a v ­
ity s y s te m . P C S  te c h n iq u e s  a re  th e n  e m p lo y e d  to  o b s e rv e  tw o -p h o to n  s p ec tra l s ig n a tu re s  o f  tripartite  e n ta n g le m e n t. W e  d isc u s s  th e  feas ib ility  o f  th is  s c h e m e  in th e  c o n te x t o f 
c u rren t e x p e rim e n ta l cap a b ilitie s .

* This work is being supported by NSERC.

W E -A 1 1 -6  1 2 h 3 0

C a s tin g  L ight on A n tim a tte r: C o ld  A n tih v d ro g e n  w ith  A T H E N A , M a k o to  C . F u jiw a r a ,  R IK E N /T R IU M F  —  Testing  fu n d a m e n ta l s y m m e tr ie s  p lay s  an  im p o rtan t ro le  in o u r u n d e r­
s ta n d in g  o f N a tu re . T h e  A T H E N A e x p e r im e n t ,  loca ted  a t C E R N ’s A n tip ro to n  D e c e le ra to r  (A D ) facility, a im s  to  m a k e  a  p recis ion  te s t o f C P T  s y m m e try  by c o m p arin g  th e  p ro p e rties  
o f hy d ro g en  w ith  th o s e  o f its a n tim a tte r  c o u n te rp art, a n tih y d ro g e n . A fte r  s e v e ra l y e a rs  o f d e v e lo p m e n t, w e  h a v e  a c h ie v e d  o u r initial goa l in 2 0 0 2 : production  o f  a n tih yd ro g en  a t low  
v e lo c ity [1] (s e e  fo r a  re v ie w  [2 ]). W ith  o u r resu lts  s u b s e q u e n tly  c o n firm ed  by a n o th e r A D  e x p e rim e n t, a  n e xt m a jo r  g o a l is la s e r  s p ec tro s co p y  o f co ld  a n tih yd ro g en . I w ill d iscuss  
o u r first p roduction , to g e th e r  w ith  th e  s u b s e q u e n t p ro g re s s [3] an d  th e  p ro s p ec ts  fo r a n tih yd ro g en  sp ec tro sco p y.

1. M. Amoretti e t al., Nature (London) 419, 456 (2002).
2. M.C. Fujiwara e t al., Nucl. Instrum. Method. B 214, 11 (2004).
3. M.C. Fujiwara e t al., Phys. Rev. Lett. 92, 065005 (2004).

1 2 h 4 5  S e s s io n  E n d s  I  F in  d e  la  s e s s io n

[WE-A12]

(D IM PID P IM  )

I m a g i n g  w i t h  P h o t o a c o u s t i c  a n d  P h o t o t h e r m a l  N D E  T e c h n i q u e s  a n d  

M i c r o s c o p i e s  I  Imagerie à l'aide de techniques END et de micro­
scopies photoacoustiques et photothermiques

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

10h00 - 12h30

[ R o o m IS a l le  : S tr a th c o n a  ] C h a ir :  A . M a n d e lis ,  U .T o ro n to

W E -A 1 2 -1  1 0 h 0 0

K IR K  H . M IC H A E L IA N ,  N a tu ra l R e s o u rc e s  C a n a d a

D isp e rse  P h o to a co u s tic  S p e c tro s c o p y  o f  H yd ro ca rb o n s

A  d isp ers iv e  p h o to ac o u s tic  (P A ) s p ec tro s co p y  s y s te m  w a s  c o n stru c ted  fro m  a  4 5 0 -W  X e  lam p , a  0 .1 9 -m  m o n o c h ro m a to r fitted  w ith  th re e  in te rc h a n g e a b le  g ra tin g s, a  m e c h a n ic a l 
c h o p p e r, a n d  a  c o m m e rc ia l P A  c e ll. A fte r  p re am p lifica tio n , s ig n a ls  w e re  d e te c te d  w ith  a  lock-in  a m p lifie r. M a g n itu d e  an d  p h a s e  s p e c tra  o f  a  s e r ie s  o f  o p a q u e , v is c o u s  h y d ro ca r­
bon liquids re v e a le d  th e  e x is te n c e  o f n e a r-u ltra v io le t ab so rp tio n  e d g e s . T h e  w a v e le n g th s  o f th e s e  fe a tu re s  d e p e n d e d  on s a m p le  boiling point a n d  w e re  c o n s is te n t w ith  d a ta  from  
c o n v e n tio n a l tra n s m is s io n  sp ec tro sco p y. D is p e rs iv e  v is ib le  a n d  n e a r-in fra re d  P A  s p e c tra  c o n ta in ed  a d d itio n a l b a n d s  o f  in terest.

W E -A 1 2 -2  1 0 h 3 0

J U N  S H E N , N a tio n a l R e s e a rc h  C o u n c il C a n a d a

P h o to th e rm a l B e a m  D e fle c tio n  Tech n iqu es A p p lie d  to  the  N o n -D e s tru c tive  M e a su re m e n ts  o f  T h e rm o p h ys ica l P ro p e rtie s

P h o to th e rm a l b e a m  de flec tio n  (P B D ), n a m e ly  op tical b e a m  d e flec tio n , is a  re m o te  (n o n co n tac t) te c h n iq u e , w h ich  is s u itab le  fo r s tudyin g  s a m p le s  in a  s e v e re  e n v iro n m e n t. In th e  
tra n s v e rs e  P B D  (o r m ira g e  e ffe c t) s p ec tro m e try , a  p ro b e  b e a m  p ro b e s  th e  g ra d ie n t o f th e  op tica l re frac tiv e  index  in th e  de flec tin g  m e d iu m  a d ja c e n t to  a  s a m p le  s u rfa ce , resu lting  
in th e  d e flec tio n  o f th e  p ro b e  b e a m . T h e  g ra d ie n t o f th e  op tica l re frac tiv e  index  is induced  by th e  te m p e ra tu re  g ra d ie n t fro m  th e  s a m p le  s u rfa c e  to  th e  m e d iu m , an d  th e  te m p e ra ­
tu re  rise in th e  s a m p le  is th e  resu lt o f th e  c o n ve rs io n  o f th e  a b s o rb e d  e le c tro m a g n e tic  exc ita tion  rad ia tio n  into h e a t. T h e  op tica l a nd  th e rm o p h y s ic a l p ro p e rtie s  o f th e  s a m p le , 
th e re fo re , c an  be  m e a s u re d  by m on ito ring  th e  fre q u e n c y  d e p e n d e n c e  (fo r fre q u e n c y -m o d u la te d  e xc ita tio n ) o r th e  tim e  d e p e n d e n c e  (fo r pu lsed  e x c ita tio n ) o f th e  P D  s ig n al. In th is  
p re se n ta tio n , d iffe re n t c o n fig u ra tio n s  o f P B D  a re  in tro d u c e d , a n d  th e  e x p e rim e n ta l resu lts  w ith  th e s e  c o n fig u ra tio n s  a re  p re s e n te d . T h e rm a l e ffu s iv ities  o f d iffe ren t m a te r ia ls  a re  
o b ta in e d  using fre q u e n c y -m o d u la te d  exc ita tio n  m e th o d , a n d  th e rm a l d iffusiv ities  a re  m e a s u re d  w ith  o u r re ce n tly  d e v e lo p e d  s te p  exc ita tio n  te c h n iq u e . T h e rm a l conductiv ity  and  
unit v o lu m e  s p ec ific  h e a t th e n  c an  be  d e d u c e d  fro m  th e rm a l d iffusiv ity  an d  th e rm a l effusivity . C o n s id e ra tio n s  in d e s ig n in g  th e s e  c o n fig u ra tio n s  an d  p e rfo rm ing  e x p e rim e n ts  a re  
a ls o  d isc u s se d .

1 1 h 0 0  C o f fe e  B r e a k  I  P a u s e  c a fé
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M A U R O  M . B A E S S O , U n ivers ity  o f M a rin g a

T im e  R e s o lv e d  T h e rm a l L e n s  fo r  T h e rm o -O p tica l M e a su re m e n ts  in T ranspa ren t M a te ria ls  D u rin g  P h a se  M o d ifica tio n *

T h e  fortie th  a n n iv e rs a ry  o f th e  first o b s erv a tio n  o f th e  th e rm a l len s  e ffe c t w ill o c c u r in 2 0 0 4  an d  certa in ly  is a  tim e  fo r  re flec tio n  on th e  con tribu tion  o f th is  p h e n o m e n o n  to  th e  study  
o f tra n s p a re n t m a teria ls . A s  a  tro u b le s o m e  e ffe ct during  th e  o p e ra tio n  o f  m a n y  la s e rs  o r a s  a  h igh s e n s itiv e  too l fo r n o n -d es tru c tive  c h a ra c te r iz a tio n  o f a n y  kind o f  highly tra n s p a r­
e n t s a m p le s , includ ing  so lids , liquids a nd  g a s e s , th e  th e rm a l len s  s p ec tro m e try  h a s  p ro v id ed  s u b stan tia l in fo rm ation  re g ard in g  th e  th e rm o -o p tic a l p ro p e rties  o f  th e  s tu d ied  m a te r i­
a ls . M e a s u re m e n ts  o f th e  op tical ab so rp tio n  co e ffic ie n t, th e  te m p e ra tu re  c o e ffic ie n ts  o f re frac tiv e  index  an d  op tical path len g th , th e  flu o re s c e n c e  q u a n tu m  e ffic iency, th e  th e rm a l 
diffusiv ity, th e  th e rm a l conductiv ity , e tc , h a v e  b e en  p e rfo rm e d . T h e  e vo lu tion  o f  th e  th e rm a l len s  m e th o d s  fo r n o n -d e s tru c tiv e  s tu d ies  h a s  a llo w e d  n e w  insights  in re ce n t y e a rs  a s  a  
c o n s e q u e n c e  o f th e  in troduction  o f s e v e ra l m o d ific a tio n s  in th e ir  e x p e rim e n ta l s e t up. E xp lo rin g  th e  re m o te  n a tu re  o f th e  te c h n iq u e , s e v e ra l w o rks  h a v e  fo c u s e d  on th e  ab ility  o f  
th e  m e th o d  to  e v a lu a te  th e  s a m p le s  during  th e  te m p e ra tu re  s ca n n in g , th e  ap p lic a tio n  o f e x te rn a l fie ld  an d  a ls o  during  th e  o c c u rre n c e  o f p h o to ch e m ica l re ac tio n . T h e  a im  o f th is  
p re se n ta tio n  is to  h igh light th e  ab ility  a nd  th e  a c c u ra c y  o f th e  th e rm a l lens  m e th o d  fo r s p ec tro s co p ic  m e a s u re m e n ts  p e rfo rm ed  during  th e  s a m p le s  p h a s e  m od ification .
Q u a n tita tiv e  m e a s u re m e n ts  during  p h a s e  tra n s itio n s  in b io m ateria ls , g las s  tra n s itio n s  in p o ly m e rs  an d  th e  p h o to ch e m ica l reac tion  in C r6+ -c o m p le x  so lu tion  w ill be  d isc u s se d . T h e  
fo c u s  w ill b e  th e  reso lu tion  o f th e  m e th o d  a s  c o m p a re d  to  c o n ve n tio n a l m e a s u re m e n ts . F ina lly , to g e th e r  w ith  th e  n e w  p e rs p e c tiv e s  o f fu tu re  w o rk , th e  re ce n t im p ro v e m e n t in th e  
th e rm a l len s  d a ta  a cqu is ition  p ro c e d u re  w ill be  d isc u s se d .

* In collaboration with P.R.B. Pedreira and J. Mura, Departamento de Fjsica, Universidade Estadual de Maring, Brazil.
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M A T T H E W  E . B R IG G S , Los A la m o s  N a tio n a l Lab

O p tica l V e lo c ity -M e a su re m e n t Techn iques F o r  S u p e rso n ic  S u rfa ce s

In te rfe ro m e tr ic  te c h n iq u e s  h a v e  b e e n  u sed  rou tine ly  fo r  m o re  th a n  2 0  y e a rs  to  m e a s u re  v e lo c it ies  o f e xp lo s ive  s h o ck -fro n ts . R e ce n tly , s tru c tu red -lig h t m e a s u re m e n ts  h a v e  b e en  
u sed  fo r  th e  s a m e  p u rp o s e . E xp lo s io n s  a c c e le ra te  s u rfa c e s  to  a s  m uch a s  1 5  k m /s e c  in a  n a n o s e c o n d  o r less , o ften  g e n e ra tin g  m uch  light, la rg e  c h a n g e s  in reflectiv ity , a nd  e je c t­
ing pa rtic le s  o r la y e rs  a t d iffe re n t s p e e d s . I w ill d e s c rib e  th e  cu rren t p e rfo rm a n c e  o f f ib e r-o p tic  d is p la c e m e n t-in te rfe ro m e te rs , F a b re t-P e ro t in te fe ro m e te rs , v e lo c ity  in te rfe ro m e te rs  
(V IS A R ),  a n d  s truc tu red  light, in th is  in te res ting  physica l s p ac e .

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A13] G e n e r a l  R e l a t i v i t y  a n d  G r a v i t a t i o n  I / WEDNESDAY, JUNE 16

(D TP/DPT) Relativité générale et gravitation I MERCREDI, 16 JUIN 
10h00 - 12h30

[ R o o m /S a l le  : K ild o n a n  ] C h a ir :  A . K e m p f, U .W a te rlo o

W E -A 1 3 -1  1 0 h 0 0

G A B O R  K U N S T A T T E R , U n iv e rs ity  o f W in n ip e g

V ib ra tio n a l M o d e s  o f  B la c k  H o le s  a n d  th e ir  Q u a n tu m  G ra v ita tio n a l M ic ro s ta te s

T h e  q u a s i-n o rm a l m o d e s  (Q N M )  a re  c la s s ic a l v ib ra tio n a l m o d e s  o f b lack  h o le s  th a t p lay  an  im p o rta n t ro le  in p red ic tio n s  fo r g ra v ita tio n a l w a v e  e x p e rim e n ts . A  fe w  y e a rs  a g o , H o d  
u sed  s e m i-c la s s ic a l a rg u m e n ts  to  d e r iv e  th e  e n e rg y /a re a  s p ec tru m  o f q u a n tu m  b lac k  ho le s  fro m  n u m e ric a l o b s e rv a tio n s  a b o u t th e ir  Q N M  s p e c tru m . M o re  recen tly  D ry e r  used  
a rg u m e n ts  s im ila r to  th o s e  o f H od  in o rd e r to  fix th e  e lu s iv e  Im m irz i p a ra m e te r  in loop  q u a n tu m  gravity . I re v ie w  a  g e n e ra liz a tio n  o f H o d ’s  a rg u m e n ts  th a t s e e m s  to  s u g g e s t th e  
fa c t th a t th e  Q N M  s p e c tru m  m a y  be  prov id ing  c lu e s  a b o u t b lack  ho le  q u a n tu m  m icro s ta te s  a t lea s t fo r  th e  c a s e  o f  S ch w a rz s c h ild  b lack  ho le s . I w ill a ls o  re v ie w  s o m e  o f th e  e v i­
d e n c e  th a t th is  re la tionsh ip  d o e s  not hold fo r  m o re  c o m p lic a ted  b lac k  ho le s , an d  s p e c u la te  on th e  re a s o n s  fo r th is  a p p a re n t d iscrep en cy .

W E -A 1 3 -2  1 0 h 3 0

R O B E R T  B R U C E  M A N N , U n ivers ity  o f  W a te r lo o

M a ss  C o n jec tu res , E n tro p y  B o u n d s  a n d  th e  d S /C F T  C o rre sp o n d e n ce *

W e  c o n s id e r th e  c la s s  o f  fo u r-d im e n s io n a l T a u b -B o lt(N U T ) s p a c e tim e s  w ith  pos itive  co sm o lo g ic a l c o n stan t an d  n o n -z e ro  N U T  c h a rg e . W e  s h o w  th a t such  s p a c e tim e s  c an  be  th e r ­
m o d y n a m ic a lly  s ta b le  a n d  h a v e  e n tro p ie s  th a t a re  g re a te r  th a n  th a t o f d e  S itte r  s p a c e tim e , in v io la tio n  o f th e  e n tro p ic  N -b o u n d  c o n je c tu re . W e  a ls o  s h o w  th a t th e  m a x im a l m a ss  
c o n je c tu re , w h ich  s ta te s  “a n y  a sy m p to tic a lly  d S  s p a c e tim e  w ith  m a s s  g re a te r  th a n  dS  h a s  a  c o sm o lo g ic a l s in g u la rity ”, c an  be  v io la te d  a s  w e ll. O u r  c a lc u la tio n  o f c o n s e rv e d  m a ss  
a n d  e n tro p y  is b a se d  on  an  e x te n s io n  o f th e  path in tegra l fo rm u la *tio n  to  a s y m p to tic a lly  d e  S itte r  s p a c e tim e s .

* In collaboration with R. Clarkson 1 and M. Ghezelbash 2, 1 University of Waterloo and 2 University of Waterloo.

W E -A 1 3 -3  1 1 h 0 0

D O N  N  P A G E , U n ivers ity  o f  A lb e rta  

P a rtic le  P ro d u c tio n  in a Tunne ling  U n ive rse

R u b a k o v  a n d  V ile n k in , an d  th e ir  c o lla b o ra to rs , h a v e  d e b a te d  w h e th e r  th e re  is c a tas tro p h ic  partic le  production  in a  tu n n e lin g  u n iv ers e . H e re  w e  e x a m in e  th e  toy  m o d e l in w h ich  
o n e  h a s  a  q u a n tiz e d  s c a la r  fie ld  evo lv in g  in a  c la s s ic a l F R W  s p a c e tim e  w h ich  h a s  is a  re a l L o re n tz ian  evo lu tion  fo llo w ed  by a  re a l E u c lid e a n  e vo lu tion  fo llo w ed  by a  fina l real 
L o re n tz ian  evo lu tio n  (a n  L -E -L  m o d e l). W e  find th a t if o n e  c h o o s e s  th e  v a c u u m  s ta te  in th e  a s y m p to tic  past, th e n  fo r m o d e s  w ith  su ffic iently  la rg e  s p a tia l m o m e n tu m , th e  q u a n tu m  
s ta te  d iv e rg e s  w ith in  th e  E u c lid e a n  reg ion . T h e re fo re , th e  a sy m p to tic  past v a c u u m  w o u ld  not g ive  a  p hysical s ta te  in th e  a sy m p to tic  fu tu re  in th is  L -E -L  m ode l.

* In collaboration with S .P  Kim, Kunsan National University.

W E -A 1 3 -4  1 1 h 3 0

E R IC  P O IS S O N , U n ivers ity  o f G u e lp h  

The G ra v ita tio n a l S e lf-F o rce

T h e  g ra v ita tio n a l s e lf-fo rc e  d e s c rib e s  th e  e ffe c t o f a  p a rtic le ’s  o w n  fie ld  on its m otion; w h ile  th e  m otion  is g e o d e s ic  in th e  te s t-m a s s  lim it, it is a c c e le ra te d  to  f irs t-o rd e r in th e  p arti­
c le ’s  m a s s . I w ill re v ie w  th e  fo u n d atio n s  o f  th e  s e lf-fo rc e , a n d  s h o w  h o w  an  in fin ite  fie ld  c an  be  u n a m b ig u o u s ly  d e c o m p o s e d  into a  s in g u la r  p iec e  th a t e x e rts  no fo rc e , a nd  a  
s m o o th  re m a in d e r  th a t is re sp o n s ib le  fo r th e  a c c e le ra tio n . T h e  c o n te x t o f th is  w o rk  is p ro v id ed  by th e  L a s e r  In te r fe ro m e te r  S p a c e  A n te n n a , w h ich  w ill be  s en s itive  to  lo w -fre q u e n ­
cy  g ra v ita tio n a l w a v e s . A m o n g  th e  s o u rce s  fo r th is  d e te c to r  is th e  m otion  o f  sm all c o m p ac t o b je c ts  a ro u n d  m a s s iv e  (g a lac tic ) b lac k  ho le s . To c a lc u la te  th e  w a v e s  e m itte d  by such  
s y s te m s  re q u ire s  a  d e ta ile d  u n d e rs tan d in g  o f th e  m otion , be yo n d  th e  te s t-m a s s  a p p ro x im a tio n .

W E -A 1 3 -5  1 2 h 0 0

K A Y L L  L A K E ,,  Q u e e n ’s U n ivers ity

R e c e n t D e ve lo p m e n ts  in C o m p u te r A lg e b ra  A p p lie d  to  G e n e ra l R e la tiv ity

I re v ie w  s o m e  re ce n t d e v e lo p m e n ts  in c o m p u te r  a lg e b ra  a n d  v is u a liza tio n  a p p lie d  to  g e n e ra l re lativ ity. A s  an  e x a m p le , th e  c la s s ic a l n o tions  o f “R ” an d  “T ” re g io n s  o f s p a c e tim e  
a re  g ive n  in va rian t d e fin ition  an d  e x p lo re d  a w a y  from  s p h e ric a l sym m etry .

1 2 h 3 0 S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A14]

(BSC/SCB)

S y n c h r o t r o n  B i o p h y s i c s :  T h e  C a n a d i a n  L i g h t  S o u r c e  /  

Biophysique au synchrotron : La source de lumière canadienne
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
10h00 - 12h30

[ R o o m /S a l le  : A lb e r t  ] C h a ir :  J . L e p o c k ,  U .W a te rlo o

W E -A 1 4 -1  1 0 h 0 0

W IL L IA M  T H O M L IN S O N , C a n a d ia n  L ight S o u rc e

The C a nad ian  L ig h t S o u rce : O p p o rtu n itie s  in  B io m e d ic a l R e se a rch

T h e  C a n a d ia n  L ight S o u rc e  (C L S ) is in th e  early  p h a s e  o f  o p e ra tio n s . L o c a ted  on  th e  c a m p u s  o f th e  U n ivers ity  o f S a s k a tc h e w a n , th e  C L S  is C a n a d a ’s n a tiona l s ynchro tron  ra d ia ­
tion  fac ility  serv in g  th e  C a n a d ia n  a c a d e m ic , industria l an d  g o v e rn m e n t sc ien tific  c o m m u n itie s . T h e  fac ility  is a  3 rd g e n e ra tio n  high b rig h tn e s s  s o u rc e  o p e ra tin g  a t 2 .9  G e V .
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C o m m is s io n in g  o f th e  fac ility  s ta rted  in th e  a u tu m n  o f 2 0 0 3 . S e v e n  e x p e rim e n ta l b e a m lin e s  a re  in th e  c o m m is s io n in g  o r construction  p h a s e , w ith  full o p e ra tio n  o f th e  sc ien tific  p ro ­
g ra m s  c o m m e n c in g  by th e  en d  o f 2 0 0 4 . T h e s e  b e a m lin e s  include: tw o  in fra red  b e a m lin e s  fo r s p ec tro s co p y  an d  m icroscopy, th re e  soft x -ra y  b e a m lin e s  fo r  s p ec tro s co p y  an d  
m icroscopy, a nd  tw o  hard  x -ra y  lines  fo r  p ro te in  c rys ta llo g ra p h y  a n d  m ic ro -E X A F S . T h is  ta lk  is an  o v e rv ie w  o f th e  C L S  facility , th e  p re se n t s ta tu s  o f th e  s to ra g e  ring p e rfo rm a n c e  
a n d  a  s u m m a ry  o f th e  P h a s e  I b e a m lin e s . In ad d itio n , th e  C a n a d a  F o u n d a tio n  fo r In n o v atio n  h a s  re ce n tly  a g re e d  to  fu n d  a d d itio n a l e x p e rim e n ta l fac ilitie s  an d  th e s e  w ill be  p re ­
s e n te d  a s  w e ll, w ith  e m p h a s is  on  th o s e  o f d irec t in te res t to  b io m ed ic a l re s e a rc h . S e v e ra l e x a m p le s  o f  s ynchro tron  rad ia tio n  b io m ed ic a l re s e a rc h  w ill be  g ive n  to  h igh light th e  
ty p e s  o f p ro g ra m s  to  be  c arried  out a t th e  C L S  in m e d ic a l im ag in g  an d  rad ia tio n  th e ra p y .

W E -A 1 4 -2  1 0 h 3 0

D E A N  C H A P M A N , A n a to m y  a n d  C e ll B io logy, U n ivers ity  o f S a s k a tc h e w a n  

N e w  S o u rce s  o f  X -R a y  Im a g in g  C o n tra s t

N e w  s o u rce s  o f x -ra y  co n tra st th a t rely on p h a s e  o r  p h a s e  re la te d  e ffe c ts  h a v e  b e en  d e v e lo p e d  in th e  p ast s e v e ra l y e a rs . O n e  o f th e  te c h n iq u e s  th a t e xp lo it th e s e  co n tra st m e c h ­
a n is m s  is D iffrac tio n  E n h a n c e d  Im ag in g . T h is  m e th o d  d e v e lo p s  c o n tra s t fro m  x -ra y  re frac tion  a n d  u ltra -s m all a n g le  s ca tte rin g  an d  is eas ily  a p p lie d  using s ynchro tron  x -ra y  
s o u rce s . T h e s e  co n tra st m e c h a n is m s  h a v e  b e e n  sh o w n  to  b e  particu la rly  u sefu l fo r soft tis su e  im ag in g . T h e  p hysics  o f th e s e  m e c h a n is m s  w ill be  d isc u s se d  a lo n g  w ith  e x p e r i­
m e n ta l v e rific a tio n . E x a m p le s  o f th e  c o n tra s t an d  a p p lic a tio n s  to  m a m m o g ra p h y  a n d  o th e r soft tis su e  im ag in g  p ro b le m s  w ill be  p re s e n te d . A  n e w  m e th o d  o f e xtra c tin g  m o re  in for­
m a tio n  fro m  a  s e r ie s  o f im a g e s  is a ls o  p re s e n te d . T h is  m e th o d  in d e p e n d e n tly  e x tra c ts  s c a tte r  in fo rm ation  an d  a ls o  im p ro ve s  th e  re frac tio n  a nd  ab so rp tio n  im a g e s . A ls o , p rogress  
a n d  fu tu re  p lan s  fo r in -la b o ra to ry  s y s te m s  w ill be  briefly  d isc u s se d .

1 1 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé

W E -A 1 4 -3  1 1 h 3 0

F A R ID E H  J A L IL E H V A N D , U n iv ers ity  o f C a lg a ry

X -R a y  A b so rp tio n  S p e c tro s c o p y  in  N a tu ra l S c ie n ce s ; E xp lo r in g  N e w  P o ss ib ilit ie s

E x te n d e d  X -ra y  ab so rp tio n  fin e  s truc tu re  (E X A F S )  s p ec tro s co p y  is an  e le m e n t-s p e c ific  te c h n iq u e , prov id ing  in fo rm ation  on a v e ra g e  in te ra to m ic  d is ta n c e s , th e  n u m b e r a n d  c h e m i­
c a l iden tities  o f n e a r  n e ig h b o rs  a ro u n d  a b so rb e r. T h e  h ydration  o f th e  b io log ica lly  im p o rtan t C a  2+ ion is noto rious ly  d ifficult to  s tudy in solu tion  b e c a u s e  o f  th e  f le x ib le  a nd  d y n a m ­
ic co o rd in a tio n  e n v iro n m e n t. By co m b in in g  E X A F S  resu lts  w ith  m o le c u la r  d y n a m ic s  s im u la tio n s  w e  cou ld  ob ta in  p re c is e  m e a n  C a -O  bond d is ta n c e s , th e  hydration  n u m b er, and  
th e  g e o m e try  o f th e  C a  2+(a q )  s p e c ie s . In living o rg a n is m s  th e  s y n th e s iz e d  p ro te in s  a re  tra n s lo c a te d  a cro s s  cell m e m b ra n e s . T h e  tra n s lo c a tio n  is c a ta ly z e d  by th e  p repro te in  
tra n s lo c a s e , w h e re  S e c A A T P a s e  is a  c en tra l c o m p o n e n t. In a  re ce n t s tudy on th e  s tru c tu re  o f th e  z in c -b in d in g  d o m a in  o f S e c  A, w e  cou ld  c larify  th e  local z in c  s ite  e n v iro n m e n t  
by Z n  K -e d g e  E X A F S . T h e  z in c  a to m  c o o rd in a te s  tw o  c y s te in e  th io la te  g roups , a n  im id a z o le  g roup  o f h istid in e, an d  a  w a te r  m o le c u le . X -ra y  ab so rp tio n  n e a r  e d g e  s truc tu re  
(X A N E S )  s p ec tro s co p y  is a  n o n -d e s tru c tiv e  te c h n iq u e , g iving  in fo rm ation  on  th e  ox id atio n  s ta te , e le c tro n ic  con figura tion  a n d  bond ing  o f th e  a b so rb e r. By app ly in g  su lfu r X A N E S  
on  w o o d e n  c o res  fro m  th e  17 th c en tu ry  S w e d is h  w a rs h ip  Vasa, w e  cou ld  re v e a l th e  c a u s e  o f high a cid ity  a n d  s alt p rec ip ita tion  on th e  w o o d  (N a tu re  2 0 0 2 , 415 , 8 9 3 -8 9 7 ) .  O u r  
resu lts  s h o w  th a t la rg e  a m o u n ts  o f  su lfu r in re d u ce d  fo rm s  w ith in  th e  m oist w o o d  a re  be in g  o x id ize d  to  su lfuric  ac id , w h ich  e v e n tu a lly  w ill c a u s e  w o o d  d e g ra d a tio n . S u lfu r X A N E S  
s p ec tro s co p y  c an  a ls o  re v e a l, on a  m o le c u la r  bas is , th e  e ffe c ts  o f s o u r g a s  e x p o s u re  on su lfu r m e ta b o lis m  in in tact p lan t lea v es .

W E -A 1 4 -4  1 2 h 0 0

K E N N E T H  K .S .  N G , U n iv ers ity  o f  C a lg a ry  

P ro te in  C ry s ta llo g ra p h y  an d  A n tiv ira l D ru g  D e s ig n

A w id e  ra n g e  o f  v iru s e s  a re  re sp o n s ib le  fo r m e d ic a lly  an d  e c o n o m ic a lly  im p o rtan t d is e a s e s  in p lan ts  an d  a n im a ls . T h e  p o s itive -s tra n d  R N A v ir u s e s  c o n stitu te  a  evo lu tio n a rily  re la t­
e d  g roup  o f o rg a n is m s , includ ing  th e  p a th o g e n s  re sp o n s ib le  fo r  polio , h epatitis  A , C  an d  D , v ira l g a s tro en te ritis  (N o rw a lk  V iru s ), v ira l m e n in g itis  (W e s t N ile  V iru s ) a n d  S e v e re  A c u te  
R e s p ira to ry  S y n d ro m e  (S A R S  C o ro n a v iru s ). N o v e l an tiv ira l d rug  tre a tm e n ts  a re  urgen tly  n e e d e d  fo r  m o s t o f th e s e  d is e a s e s , b e c a u s e  exis ting  o r  a lte rn a tiv e  th e ra p e u tic  a p p ro a c h ­
e s  a re  not e ffe c tive . O u r  a p p ro a c h  to  th e  d e v e lo p m e n t o f novel an tiv ira l drug  tre a tm e n ts  is th ro u g h  th e  s tru c tu ra l a n a ly s is  o f  v ira l p ro te in s  using X -ra y  c rys ta llo g ra p h y . By o b ta in ­
ing s tru c tu res  o f v ira l p ro te in s  a n d  th e ir  c o m p le x e s  w ith  s u b s tra te s  o r b ind ing  p a rtn e rs  a t n e arly  a to m ic  reso lu tion , it is pos sib le  to  in fe r m a n y  o f th e ir  im p o rtan t c h e m ic a l an d  b io ­
log ica l fu n c tio n s . U n d e rs ta n d in g  th e  s truc tu re  an d  m e c h a n is m  o f v ira l p ro te in s  in turn  a llo w s  fo r  th e  d es ign  a n d  s yn th es is  o f novel c h e m ic a l m o le c u le s  th a t b ind to  th e  p rote in  a nd  
in te rfe re  w ith  a  func tion  o f th e  p rote in  th a t is im p o rtan t fo r th e  life cyc le  o f th e  v iru s . If e ffe c tiv e  in a  b io log ica l settin g , th e s e  c o m p o u n d s  c an  be  c o n s id e re d  c a n d id a te  an tiv ira l 
dru g s . C ry s ta llo g ra p h ic  a n a ly s is  o f c o m p le x e s  fo rm e d  b e tw e e n  v ira l p ro te in s  an d  th e s e  no v e l, d e s ig n e d  c h e m ic a l c o m p o u n d s  a llo w s  fo r  th e  re fin e m e n t a n d  fu rth e r im p ro v e m e n t  
o f th e  d e s ig n  o f s e c o n d -g e n e ra t io n  c o m p o u n d s , a n d  fu rth e r  ite ra tio n s  o f  th is  cyc le  o f  d e s ig n , s yn th es is  an d  a n a ly s is  hopefu lly  le a d s  to  th e  production  o f th e ra p e u tic a lly  e ffe c tive  
an tiv ira l d ru g s . C u rre n t w o rk  on th e  N o rw a lk  V iru s  p o ly m e ra s e  w ill be  d isc u s se d  in re la tion  to  th is  ov era ll s c h e m e .

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A15] I m a g i n g  i n  M u l t i p l e  W a v e l e n g t h s  -  C o n t r i b u t e d  /

(CASCA) Imagerie dans des longueurs d’ondes multiples - contribuées
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
10h15 - 11h00

[ R o o m /S a l le  : C a m p a ig n  B  ] 

W E -A 1 5 -1  1 0 h 1 5

C h a ir :  R . B o n d , C ITA

T h e  E vo lu tion  o f  th e  G a la x y  Lum inos ity  Fun ctio n  an d  C o s m ic  S ta r  F o rm a tio n  H is to ry  fro m  z ~ 4  to  z ~ 1 .7  using M u ltiw a v e le n g th  Im a g in g , M a r c in  S a w ic k i,  N a tio n a l R e sea rch  
C o u n c il —  I w ill p re se n t resu lts  fro m  an  e x tre m e ly  d e e p  U G R I g ro u n d -b a s e d  im ag in g  s u rve y  on K e ck . T h e s e  m u ltiw av e le n g th  o b s e rv a tio n s  u s e  th e  id en tica l filte r s e t an d  w e ll-  
c h a ra c te r iz e d  s e le c tio n  te c h n iq u e s  e m p lo y e d  by S te id e l an d  c o lla b o ra to rs  to  s e le c t s ta r-fo rm in g  g a la x ie s  a t z ~ 4  an d  z ~ 3 ,  a n d  inc lude  a  v e ry  re ce n t e x ten s io n  o f th e  te c h n iq u e  into  
th e  “redsh ift d e s e r t” a t z ~ 2 .2  a nd  z ~ 1 .7. In co n tra st to  p re v io u s  w o rk , o u r s u rve y  re a c h e s  typ ica lly  ~ 1 .5  m a g n itu d e s , o r a  fa c to r  o f 4 , d e e p e r, a n d  so p ro b e s  w ell into th e  fa in t en d  
o f th e  g a la x y  lum inosity  fun c tio n . W e  p re se n t th e  first robust m e a s u re m e n ts  o f th e  U V  g a la x y  lum inosity  func tion  a t z ~ 2 ,  an d  o f th e  fa in t e n d  o f th e  lum inosity  func tion  a t z ~ 4 . O u r  
d a ta  s h o w  th a t th e  fa in t en d  o f th e  lum inosity  function  a p p e a rs  to  be  evo lv in g  w ith  lo o k b ac k  tim e , w h ile  th e  bright en d  re m a in s  v irtua lly  u n c h a n g e d . I w ill d iscuss  th is  d iffe ren tia l 
evo lu tio n  o f th e  lum inosity  func tion  a n d  th e  pos sib le  m e c h a n is m s  th a t c an  b e  re sp o n s ib le  fo r it.

W E -A 1 5 -2  1 0 h 3 0

M u lti-W a v e b a n d  Im ag in g  o f th e  M o s t D is ta n t B lack  H o le s * , C h r is  W i l lo t t ,  H e rzb e rg  In s titu te  o f  A s tro p h y s ic s  —  T h e  high op tica l lum in o sitie s  o f th e  m ost d is tan t q u a s a rs  know n  
in fe r b lack  ho le  m a s s e s  g re a te r  th a n  a  billion s o la r  m a s s e s  po w e rin g  th e s e  ob je cts . If loca l c o rre la tio n s  b e tw e e n  b lack  ho le  m a s s  an d  d a rk  m a tte r  h a lo  m a s s  e x te n d  to  redsh ift 6, 
th e n  th e s e  q u a s a rs  p inpoin t th e  lo ca tio n s  o f  th e  first m a s s iv e  s tru c tu res  to  h a v e  fo rm e d . I w ill d isc u s s  h o w  im ag in g  o b s e rv a tio n s  a t v a rio u s  w a v e b a n d s  rang in g  fro m  th e  op tical 
th ro u g h  th e  s u b -m illim e tre  to  th e  rad io  e n a b le  us to  in fe r physical p a ra m e te rs  o f th e s e  s y s te m s  s uch  a s  b lac k  ho le  m a s s , s ta r  fo rm a tio n  ra te  a n d  d a rk  m a tte r  ha lo  m a ss .

* This work is being supported by NR.

W E -A 1 5 -3  1 0 h 4 5

T h e  R e d -S e q u e n c e  C lu s te r  S u rv e y s *, H o w a r d  Y e e , U n ive rs ity  o f  Toronto  —  G a la x y  c lu s te rs  a t high redsh ift p rov id e  th e  larg e s t le v e ra g e  in both th e  d e te rm in a tio n  o f c o sm o lo g i­
c a l p a ra m e te rs  a nd  th e  s tudy  o f c lu s te r  fo rm a tio n  an d  e v o lu tio n . T h e  R e d -S e q u e n c e  C lu s te r  S u rv e y  1 (R C S 1 )  is a  c o m p le te d  1 0 0  sq . d e g . op tica l im ag in g  s u rve y  d e s ig n e d  to  c re ­
a te  a  la rg e  s a m p le  o f g a la x y  c lu s te rs  a t z ~ 1 , w ith  th e  p rim ary  g o a l o f m e as u rin g  th e  m a s s  d e n s ity  an d  s ig m a-8 p a ra m e te rs . W ith  th e  n e w  C F H T  M e g a C a m  c a m e ra  an d  th e  s u c ­
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c es s fu l d e m o n s tra tio n  o f th e  re d -s e q u e n c e  m e th o d  u sed  fo r R C S 1 , w e  h a v e  b e g u n  th e  n e xt g e n e ra tio n  op tica l c lu s te r su rvey , th e  R C S 2  —  a  1 0 0 0  sq . d e q . s u rve y  w ith  th e  g o a l o f 
m e as u rin g  th e  e q u a tio n  o f s ta te  p a ra m e te r  w , v ia  th e  evo lu tio n  o f th e  c lu s te r m a s s  fun c tio n . T h is  su rve y  w ill po ten tia lly  c re a te  a  s a m p le  o f a  fe w  tim e s  1 0 ,0 0 0  c lus te rs  up to  th e  
redsh ift o f  1, p rov id ing  co n stra in ts  in th e  w -O m e g a m  p la n e  w ith  s im ila r u n c erta in tie s  a s  th a t o f S n e  p ro jec ts  s uch  a s  C F H -L S . A  s e c o n d a ry  b e n efit w ill b e  th e  d isc o v ery  o f  5 0 -1 0 0  
n e w  s trong lens ing  c lu s te rs  -  an  im p o rtan t n e w  too l fo r s tudyin g  re in io za tio n  a n d  th e  v e ry  e a r ly  s ta g e s  o f g a la x y  fo rm a tio n . I  w ill d e s c rib e  s o m e  resu lts  fro m  th e  R C S 1 , an d  th e  
p ro s p ec ts  fo r  th e  R C S 2 .

* This work is being supported by NSERC, U of Toronto, CRC.

1 1 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A16]

(D OP-D AM P/
DOP-DPAM)

Ultrafast Laser Applications / 
Applications des lasers ultra-rapides

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

10h30 - 12h30

[ R o o m /S a l le  : B a llr o o m  C  ] C h a ir :  W .-K. L iu ,  U .W a te rlo o

W E -A 1 6 -1 1 0 h 3 0

T A R A  M  F O R T IE R , U n iv ers ity  o f C o lo ra d o  

C a rrie r-E n ve lo p e  P h a se  S ta b ilize d  M o d e io c k e d  La se rs

B y  d ra w in g  on  th e  te c h n iq u e s  o f s in g le -fre q u e n c y  la s e r  s ta b iliza tio n  a n d  on im p ro v e m e n ts  o f u ltra fa st lasers , p h a s e  s ta b iliza tio n  o f T i:s ap p h ire  la s e rs  h a s  led to  g re a t a d v a n c e s  in 
both th e  fie ld s  o f  op tica l fre q u e n c y  m etro lo g y  a nd  u ltra fa st s c ie n c e . I  w ill s p e a k  a b o u t th e  d e v e lo p m e n t o f  th e  te c h n o lo g y  an d  th e  app lic a tio n  o f m o d e lo c k e d  la s e r  s ta b iliza tio n  to  
both th e s e  d o m a in s . T o w a rd s  th e  latter, th e  highly p h a s e -c o h e re n t pu ls e  tra in  o f th e  la s e r  h a s  b e e n  e m p lo y e d  in th e  exp lo ra tio n  o f q u a n tu m  in te rfe re n c e  contro l in s e m ic o n d u c ­
to rs , w ith  th e  a im  o f d e ve lo p in g  a  p h a s e  s e n s itive  p h o to d e te c to r  fo r  s im p lification  o f  th e  la s e r  s ta b iliza tio n  s c h e m e . A s  a n  ap p lic a tio n  to  th e  fo rm e r I  w ill a  p h a s e  s ta b le  o c ta v e  
sp an n in g  T i:s ap p h ire  la s e r  th a t is a  possib le  c a n d id a te  a s  a  tra n s fe r  o sc illa to r fo r  a n  a ll-o p tica l c lock.

W E -A 1 6 -2  1 1 h 0 0

S im u la tio n  o f  F e m to s e c o n d  L a s e r  A b la tio n  o f S ilic o n , R o m a n  H o le n s te in ,  R . F e d o s e je v s  a n d  Y .Y . Tsui U n ive rs ity  o f  A lb e rta  —  F e m to s e c o n d  la s e r  a b la tio n  is a n  im portan t 
p ro c es s  in th e  m icro m a ch in in g  an d  n a n o m a c h in in g  o f m ic ro e lec tro n ic , o p to e le c tro n ic , b iophoton ic  a nd  M E M S  c o m p o n e n ts . T h e  p ro c es s  o f la s e r  a b la tio n  o f s ilicon is be in g  s tu d ­
ied on an  a to m ic  leve l using m o le c u la r  d y n a m ic s  (M D ) s im u la tio n s . W e  p re se n t on  a b la tio n  th re s h o ld s  fo r  G a u s s ia n  la s e r  pu ls es  o f 7 0 0  -  8 0 0  nm  a nd  in th e  ra n g e  o f a  fe w  h u n ­
d red  fe m to s e c o n d s  in du ra tio n . A b s o rp tio n  oc cu rs  into a  hot e le c tro n  bath w h ich  th e n  tra n s fe rs  e n e rg y  into th e  crys ta l la ttice . T h e  s im u la tio n  box is a  n a rro w  co lu m n  a p p ro x im a te ­
ly 6 nm  x 6 nm  x 8 0  nm  w ith  perio d ic  b o u n d a rie s  in th e  x  a n d  y tra n s v e rs e  d irec tio n s  an d  a  1 -D  h e a t flo w  m o d e l a t th e  bo ttom  c o u p led  to  a  h e a t ba th  to  s im u la te  an  infin ite  bulk  
m e d iu m . A  m od ified  S tillin g e r-W e b e r po ten tia l is u sed  to  m o d e l th e  s ilicon a to m s .

1 1 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé

W E -A 1 6 -3  1 1 h 4 5

E V G E N Y A .  S H A P IR O ,N a t io n a l  R e s e a rc h  C o u n c il

S h a p in g  M o le c u la r  W a vepa cke ts  b y  A C  S ta rk  S h ifts

F ro m  a  w a v e p a c k e t p e rs p e c tiv e , q u a n tu m  d y n a m ic s  a re  v ie w e d  a s  a  flo w  o f p robab ility  an d  p h a s e  - in c o n tra s t w ith  a  fe w -le v e l d y n a m ic s . Try ing  to  contro l such  p ro c e s s e s , w e  
h a v e  to  th in k  in te rm s  o f a pp ly ing  c o o rd in a te -d e p e n d e n t p o te n tia ls  ra th e r th a n  in te rm s  o f le v e l-b y - le v e l a d d res s ab ility . I sh a ll d e s c rib e  contro l o f q u a n tu m  w a v e p a c k e ts  using  th e  
c o m b in a tio n  o f  c o o rd in a te -d e p e n d e n t A C  S ta rk  shifts  induced  by short la s e r  p u ls es  (p h a s e  k icks) a nd  fre e  evo lu tio n . T h is  a p p ro a c h  re s e m b le s  s h ap in g  w a v e p a c k e ts  o f light in 
op tics . L ike  sp atia l light m o d u la to rs  in op tics, th e  to o ls  u sed  a llo w  a rb itrary  s h ap in g  o f m o le c u la r  w a v e p a c k e ts  v ia  in te rfe re n c e  o f e ffe c tiv e  e ig e n s ta te s  o f th e  s o -c a lled  re v iv a l-  
s c a le  e vo lu tio n . T h e  n u m b e r o f  such  e ig e n s ta te s  is d e te rm in e d  by th e  a c c u ra c y  o f  contro l w e  a re  in te res te d  in. N u m e r ic a l a n d  e x p e rim e n ta l e x a m p le s  s h o w  h o w  th is  te c h n iq u e  
a llo w s  o n e  to  contro l m o le c u la r  a lig n m e n t a n d  o rien ta tio n . N e x t, I shall d isc u s s  re la tion  o f th e  w a v e p a c k e t contro l to  q u a n tu m  in fo rm ation  p ro c es s in g . It w ill be  sh o w n  h o w  s e v e r ­
a l q u a n tu m  bits c an  be  e n c o d e d  in th e  s h a p e  o f a  s in g le  w a v e p a c k e t, an d  h o w  th e  contro l c an  be  im p le m e n te d  a s  a  q u a n tu m  c o m p u ta tio n .

W E -A 1 6 -4  1 2 h 1 5

F e m to s e c o n d  E le c tro n  D iffraction  an d  th e  Q u e s t fo r  th e  “M o le c u la r  M o v ie ”* , B r a d le y  J . S iw ic k ,  Jas o n  R . D w y er, R o b e rt E . J o rd an , C h ris to p h  H e b e is e n , R .J . D w a y n e  M iller, 
U n ive rs ity  o f  Toronto  —  O n e  o f th e  g re a t e x p e rim e n ta l c h a lle n g e s  in p hysics  an d  c h em is try  is to  ob ta in  a  re a l-t im e  v ie w  o f c h e m ic a l re ac tio n s  by reso lv ing  th e  n u c le a r  m otions  
th a t a c c o m p a n y  th e  b re ak in g  an d  m a k in g  o f c h e m ic a l b o n d s  in th e  trans ition  s ta te  reg ion  b e tw e e n  re a c ta n t an d  product s u rfa c e s . T h e  re ce n t d e v e lo p m e n t o f t im e -re s o lv e d  d if­
fra ctio n  te c h n iq u e s  -  both x -ra y  a n d  e le c tro n  -  w ith  u ltra fast te m p o ra l reso lu tion  h a s  o p e n e d  up s uch  a  d irec t w in d o w  on th e  t im e -e v o lv in g  a to m ic  con fig u ra tio n  o f m o le c u le s  an d  
so lids . O u r  g ro u p  h a s  d e v e lo p e d  a  p h o to -a c tiv a te d  e le c tro n  s o u rc e  c a p a b le  o f produc ing  s u b -5 0 0  fe m to s e c o n d  e le c tro n  pu ls es  th a t con ta in  su ffic ien t n u m b e rs  o f e le c tro n s  to  
a llo w  th e  s tudy  o f e v e n  irrev ers ib le  s truc tu ra l d y n a m ic s . T h e  first s tudy e m p lo y in g  th is  ‘e le c tro n  g u n ’ w a s  to  in ve s tig a te  th e  s tro n g ly -d rive n , la s e r  in d u ced  so lid -liqu id  p h a s e -tra n s i­
tion  in po lycrysta lline  a lu m in u m  a s  a  m o d e l trans ition  s ta te  p ro c es s . W e  a re  a b le  to  s e e , in re a l-t im e , th e  loss o f th e  lo n g -ra n g e  o rd e r p re se n t in th e  c rys ta llin e  p h a s e  an d  th e  
e m e rg e n c e  o f th e  liquid s tru c tu re  w h e re  only s h o rt-ra n g e  a to m ic  c o rre la tio n s  a re  p re se n t. T h e  s ens itiv ity  an d  te m p o ra l reso lu tion  w a s  su ffic ien t to  c a p tu re  th e  tim e -d e p e n d e n t  
rad ia l d istribution function  o f th e  m a te r ia l a s  it e v o lv e d  fro m  th e  solid  to  liquid s ta te  in 3 .5  ps. T h e  rap id ity  o f th e  s truc tu ra l trans ition  in a lu m in u m  co n tra sts  s trongly  w ith  th e  c a s e  
o f go ld , w h e re  th e  t im e -s c a le  fo r  th e  p h a s e  tran s itio n , u n d e r e q u iv a le n t c ond itions , is lo n g e r th a n  10  ps. T h e s e  o b s e rv a tio n s  p ro v id e  an  a to m ic -le v e l d e scrip tion  o f th e  m elting  
p ro c es s  a n d  re p re s e n t th e  first in s tan c e  o f e le c tro n  d iffraction  p e rfo rm ed  w ith  su b p ico s e co n d  te m p o ra l reso lu tion .

* This work is being supported by Bradley Siwick.

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A17] Radiation Dosimetry / WEDNESDAY, JUNE 16

(C OM P/O CPM ) Dosimétrie des rayonnements MERCREDI, 16 JUIN 
10h30 - 12h30

[ R o o m /S a l le  : B a llr o o m  B  ] C h a ir :  K . S ix e l, S u n n y b ro o k /U .T o ro n to

W E -A 1 7 -1  1 0 h 3 0

A c c u ra c y  in D o s e  C a lib ra tio n  o f F r ic k e -X v le n o l O ra n g e  G e ls  using  O p tic a l C T  S c a n n in g . K . J o rd an  a n d  J .J . B a t t is ta ,  Lon d o n  R e g io n a l C a n c e r C entre , L o n d o n  H e a lth  S c ie n c e s  
C e n tre , an d  U n iv ers ity  o f  W e s te rn  O n ta r io  —  T h re e -d im e n s io n a l (3 D ) d o s im e try  is u s ed  m o re  fre q u e n tly  to  v erify  d o s e  d is trib u tions  p ro d u c ed  by c o n fo rm a l ra d io th era p y  te c h ­
n iq u e s . In o u r w o rk , w e  record  d o s e  d is trib u tions  in F r ic k e -X y le n o l O ra n g e  g e la tin e  a n d  th e n  u s e  op tica l C T  sca n n in g  to  re ad  th e  e x p o s e d  g e l. T h e  b est a c c u ra c y  is cu rren tly  
o b ta in e d  w ith  a  pencil b e a m  la s e r  s c a n n e r  (λ  =  5 9 4  n m ). W e  a re  a ls o  d e ve lo p in g  a  fa s te r  ro ta te -o n ly  s y s te m  w ith  a  p la n a r d iffu se  L E D  light s o u rce  (λ  =  5 9 0  n m ), a n d  C C D  c a m ­
e ra  fo r  cap tu rin g  op tica l tra n s m is s io n  d a ta . T h e  e n tire  ge l c y lin d e r (1 0  c m  d ia m e te r  x  1 0  cm  long) is s c a n n e d  in 4 0  m in u te s  w ith  a n  isotrop ic  s p a tia l reso lu tion  o f  0 .5  m m  
(i.e . 2 0 0  d o s e  s lic es ). O u r  d o s e  c a lib ratio n  p ro c e d u re  in vo lv e s  (a ) go o d  contro l o f  th e  th e rm a l h istory  o f th e  g e ls  during  fa b rica tio n  a nd  s to ra g e , (b ) in d e p e n d e n t ca lib ra tio n  o f  th e
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op tica l s c a n n e r  in te rm s  o f reco n s tru c te d  a tte n u a tio n  co effic ie n ts  (μ ) using re fe re n c e  liquid s o lu tions  (a g re e m e n t < 1 % ), a nd  (c ) using  th e  d e p th -d o s e  c u rve  o f  a  12 M e V  e le c tro n  
b e a m  to  p ro v id e  a  s in g le  s e lf-c o n s is te n t ca lib ra tio n  w ith  a  w id e  ra n g e  o f d o s e s  tra c e a b le  to  a  s ta n d ard  ion izatio n  c h a m b e r. T h is  p ro c e d u re  a ls o  d e te rm in e s  th e  ge l sensitiv ity  and  
linearity  (Δ μ /  Δ D  =  0 .1  c m -1 p e r G y ), a s s e s s e s  s p a tia l un iform ity  a n d  te m p o ra l re s p o n s e  (i.e . d o s e  ra te  a n d  fra ctio n atio n  e ffe c ts ). W e  a c h ie v e  good  a g re e m e n t in local a b so lu te  
d o s e  (<  3  %  fo r D max o f 3  G y, an d  < 1 m m  o ffse t in e le c tro n  d e p th -d o s e  c u rv e s ). In con clu s io n , w e  d e m o n s tra te  c lin ical a p p lic a tio n s  o f 3 D  ge l d o s im e try  to  m e g a v o lta g e  x -ra y  
IM R T , includ ing  to m o th era p y .

W E -A 1 7 -2  1 0 h 4 5

N M R  R e la x o m e try  S tu d y  a n d  G ra v im e tric  A n a ly s is  o f an  A q u e o u s  P o ly a c ry la m id e  D o s im e te r  W ith o u t G e la t in *, S . B a b ic  an d  L.J. S c h re in e r, Q u e e n ’s  U n ive rs ity /K R C C  —  In c o n ­
fo rm a l rad ia tio n  th e ra p y , a  h igh d o s e  is g ive n  sp ec ifica lly  to  a  ta rg e t v o lu m e  to  in c re a s e  th e  p robab ility  o f c u re , a n d  c a re  is ta k e n  to  m in im ize  th e  d o s e  to  s u rround ing  h e a lth y  tis ­
s u e . T h e  te c h n iq u e s  u sed  to  a c h ie v e  th is  a re  v e ry  c o m p lic a te d  an d  th e  p re c is e  verific atio n  o f th e  resu lting  th re e -d im e n s io n a l (3 D ) d o s e  d istribution  is re q u ire d . P o ly a c ry la m id e  
g e la tin  (P A G ) d o s im e te rs  w ith  M R I a nd  op tica l C T  p rov id e  th e  re qu ired  3 D  d o s im e try  w ith  h igh s p atia l reso lu tion . T h e  s tudy o f  th e  fu n d a m e n ta l p ro p e rties  o f th e  ra d ia tio n -in d u ce d  
p o ly m e riza tio n  in P A G  d o s im e te rs  is c o m p lic a ted  by th e  p re s e n c e  o f  th e  b a ck g ro u n d  g e la tin  m a trix . W e  h a v e  d e v e lo p e d  a  g e la tin -fre e  m o d e l s y s te m  fo r th e  s tu d y  o f th e  basic  
ra d ia tio n -in d u c e d  p o ly m e riza tio n  in PAG . In th is  p re se n ta tio n , w e  s h o w  resu lts  o f in ve s tig a tio n s  on g e la tin -fre e  d o s im e te rs  co n ta in in g  e q u a l a m o u n ts  o f a c ry la m id e  and  
N ,N ’m e th y le n e -b is a c ry la m id e  (n a m e d  A q u e o u s  P o ly a c ry la m id e , A P A ). T h e  A P A  d o s im e te rs  w e re  p re p a re d  w ith  fo u r d iffe re n t to ta l m o n o m e r c o n c e n tra tio n s  (2 , 4 , 6, an d  8%  by  
w e ig h t). N M R  s p in -sp in  a n d  s p in -la ttice  p roton  re la x a tio n  m e a s u re m e n ts  a t 2 0  M H z , a n d  g ra v im e tric  a n a ly s e s  p e rfo rm ed  on all fo u r d o s im e te rs , s h o w  a  c o n tin u o u s  d e g re e  o f  
p o ly m e riza tio n  o v e r th e  ra n g e  o f d o s e  0 -2 5  G y. T h e  p o ly m e r fraction  m e a s u re m e n ts  a re  su p p o rte d  by g a s  c h ro m a to g ra p h y  s p e c tro m e try  m e a s u re m e n ts  on th e  n o n -p o ly m e rize d  
m o n o m e r c o m p o n e n ts  in a  2 %  by w e ig h t A P A  d o s im e te r. T h e  d e v e lo p e d  N M R  m o d e l e x p la in s  th e  re la tio n s h ip  o b s e rv e d  b e tw e e n  th e  re la x a tio n  d a ta  a n d  th e  a m o u n t o f c ro ss - 
linked  p o ly m e r fo rm e d  a t e a c h  d o s e . T h is  m o d e l c an  be  e x te n d e d  w ith  g e la tin  re la x a tio n  d a ta  to  p rov id e  a  fu n d a m e n ta l u n d e rs tan d in g  o f ra d ia tio n -in d u c e d  p o ly m e riza tio n  in th e  
c o n v e n tio n a l P A G  d o s im e te rs .

* This work is being supported by CIHR, OCITS, CCO/Nordion.
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P re lim in a ry  S tu d y  o f th e  M A G IC  G e l D o s im e te r  U s ing  X -ra y  C o m p u te d  T o m o g ra p h y , M ic h e lle  N ie ls e n  an d  B. K e ller, Toronto S u n n yb ro o k  R e g io n a l C a n c e r C e n tre  —  T h is  study  
p re s e n ts  s o m e  feas ib ility  in ve s tig a tio n s  o f  M A G IC  g e l u sed  a lo n g  w ith  x -ra y  C T  a s  th e  re a d -o u t te c h n iq u e . It h a s  b e e n  e s ta b lis h e d  th a t C T  c an  be  u sed  to  re a d o u t p o ly ac ry la m id e  
g e ls  (P A G s ). M A G IC  (m e th a cry lic  a nd  a sc o rb ic  acid  in g e la tin  in itiated  by c o p p e r) ge l is a  re la tive ly  new , e a s y  to  m a n u fa c tu re  n o rm o x ic  p o ly m e r g e l fo rm u la tio n . T h e  g e ls  w e re  
m a n u fa c tu re d  a nd  irrad ia te d  using e ith e r  a  6M V  photon  b e a m  o r an  Ir192 H D R  s o u rce . T h e  g e ls  w e re  im ag e d  p re  a n d  post irrad ia tion  using a  P ic k e r C T  s im u la to r a nd  s o ftw a re  
w a s  d e v e lo p e d  to  filte r an d  s u b tra c t th e  p re -irra d ia te d  im a g e s  fro m  p o s t-irra d ia te d  im a g e . F o r  th e  e x te rn a l b e a m  irrad ia tion , 20 m l p las tic  c y lindrica l v ia ls  c o n ta in ing  th e  ge l w e re  
irrad ia te d  to  v ary in g  d o s e s  using a  p a ra lle l o p p o s e d  irrad ia tion  g e o m e try  w ith  th e  v ia ls  im m e rs e d  in a  w a te r  filled c on ta in er. D o s e  re sp o n s e  c u rv e s  w e re  g e n e ra te d  w h e re  a  
c h a n g e  in C T  n u m b e r w a s  p lo tted  a s  a  func tion  o f rad ia tio n  d o s e . T h e  sensitiv ity  o f th e  ge l w a s  m e a s u re d  to  be  0 .2 5  ±  0 .0 1  D H U  G y  -1. T h e  H D R  g e ls  w e re  irrad ia te d  w ith  e ith e r  
a  po in t o r line  s o u rce  g e o m etry . C a lib ra tio n  c u rve s  w e re  g e n e ra te d  w h e re  th e  c h a n g e  in C T  n u m b e r w a s  plo tted  a s  a  func tion  o f  d is ta n c e  a w a y  fro m  th e  H D R  c a th e te r. Iss u e s  o f 
C T  d o s e  an d  g e l s ens itiv ity  w ill be  d isc u s se d . F u tu re  s tu d ies  w ill fo c u s  on  sen s itiz in g  ge l d o s im e te rs  to  x -ra y  C T  in o rd e r to  m a k e  th is  re a d o u t te c h n iq u e  c lin ically  v ia b le .
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C o m p a ris o n  o f S c in tilla ting  F ib e rs  fo r In cre a s in g  th e  S ig n a l to  N o is e  R a tio  o f S c in tilla to r D o s im e te rs * , L u c  B e a u l ie u 1, L. A r c h a m b a u lt1, S . L a m b e rt-G ira rd  1, J. A r s e n a u lt1,
L . G in g r a s 1, S .A . B e d d a r2, M .D . A n d e rs o n  2 a n d  R . R o y  3, 1 C e ntre  H o s p ita lie r  U n ive rs ita ire  d e  Q uébec, 2 C a n c e r  C e n te r  a n d  3 U n iv e rs ité  L a va l —  P u rp o se : p las tic  scin tilla tors  
d isp la y  e x c e lle n t p ro p e rties  th a t cou ld  su its  th e  m ost d e m a n d in g  a p p lic a tio n s  (IM R T , rad io su rg ery , 4 D  ra d io th e ra p y ) w ith  s e n s itiv e  v o lu m e s  a s  lo w  a s  0 .0 0 1  c m 3. T h e  lim itation o f 
scin tilla ting  s y s te m s  is th e  low  s ig n a l to  n o is e  ratio  (S N R )  m ostly  resu lting  fro m  th e  u n d e s ire d  C e re n k o v  rad ia tio n  in th e  light g u id e  linking th e  scin tilla to r to  th e  ph o to d etec to r. 
M e th o d s  a n d  m a teria ls : T h e o re t ic a l e va lu a tio n  o f scin tillating  fib e rs  c o m p a re d  to  s im p le  sc in tilla to rs  w a s  d o n e , fo llo w ed  by an  e x p e rim e n ta l c o m p aris o n  o f light production  and  
e m is s io n  s p e c tru m . It w a s  d o n e  w ith  fib e rs  fro m  B icron  an d  K u ra ra y  m a n u fa c tu re rs  w ith  d ia m e te rs  fro m  0 .5  to  3  m m  an d  sc in tilla tion  p e a k  b e tw e e n  4 3 0  an d  5 3 0  nm . R esu lts : 
W a te r  e q u iv a le n c e  o f scin tillating  fib e rs  w a s  o v e r  9 7  %  fo r  1 m m  d ia m e te r . C o llec tio n  e ffic iency  fo r a  1 c m  long fib e r  is b e tw e e n  1 .7  a n d  3 .9  tim e s  th a t o f a  s ta n d ard  scintillator, 
d e p e n d in g  on  th e  light g u id e  n u m e ric a l a p e rtu re . It c an  be  fu rth e r  in c re a s e d  using m u ltic la d d in g . F ib e rs  fro m  both c o m p a n y  s h o w s  a  h ig h e r production  e ffic ie n c y  fo r  th e  b lue  
f ib e rs  (4 3 0  n m ) c o m p a re d  to  th e  g re e n  o n e s  (5 3 0  n m ). F o r th e  s a m e  w a v e le n g th  p e a k , th e  light production  fo r  th e  tw o  c o m p a n ie s  w a s  c o m p a ra b le  e v e n  th o u g h  K u ra ray  fibers  
w e re  m u ltic la d . C o n c lu s io n : S c in tilla ting  fib e rs  a re  a n  a lte rn a tiv e  to  s ta n d ard  scintillator. T h e y  c an  in c re a s e  th e  light co llection  e ffic ie n c y  a n d  th e re fo re  in c re a s e  th e  S N R  o f such  
d o s im e te r. E v e n  if th e  g re e n  fib e rs  p ro d u c e  less  light th a n  th e  b lue  o n e s , th e  h ig h e st w a v e le n g th  a llo w s  a  b e tte r  s e p a ra tio n  b e tw e e n  th e  s ign al a nd  C e re n k o v  light w h ich  is m ore  
in te n se  a t lo w er w a v e le n g th s .

* This work is being supported by NSERC.
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A  T iss u e  E q u iv a le n t P la s tic  S c in tilla to r B a se d  D o s im e try  S y s te m  fo r V erific atio n  o f IM R T  D o s e  D is trib u tio n s , M . P e te r  P e t r ic  12, J a m e s  L. R o b a r3, B re n d a  G . C la r k 12, 1 U n ive rs ity  
o f  B ritish  C o lum bia , 2 B C  C a n c e r A g e n c y  a n d  3 N o v a  S c o tia  C a n c e r  C e n tre  —  In tensity  m o d u la ted  rad ia tio n  th e ra p y  ( IM R T )  p ro v id es  im p ro ve d  ta rg e t c o v e ra g e  a n d  n orm al tis su e  
sp arin g  c o m p a re d  w ith  c o n fo rm a l ra d io th era p y . In sp ite  o f th e s e  a d v a n ta g e s , qua lity  a s s u ra n c e  is m o re  c h a llen g in g  fo r  th e  c o m p le x  flu e n c e  m a p s  u sed  in IM R T  a n d  verific atio n  o f 
d o s e  d is trib u tions  c an  be  la b o u r-in te n s iv e  a n d  tim e  c o n su m in g . A n  IM R T  d o s e  verific atio n  s y s te m  h a s  b e e n  d e v e lo p e d  using tis su e  e q u iv a le n t p las tic  scin tilla to r th a t p ro v id es  an  
e a s y  to  u s e , rap id  e le c tro n ic  an d  d irec tly  d ig ita l d o s e  m e a s u re m e n t o f a  2 D  p la n e  p e rp e n d ic u la r  to  th e  b e a m . T h e  s y s te m  consis ts  o f a  w a te r-fille d  lucite  p h a n to m  w ith  a  scin tilla ­
to r  s c re e n  built into th e  top . T h e  p h a n to m  c o n ta in s  a  p las tic  m irror to  re flec t scin tillation  light to w a rd s  a  v ie w in g  w in d o w  w h e re  it is c ap tu red  using a  C C D  c a m e ra  a n d  a  pe rso n a l 
c o m p u te r. T h is  c o m p u te r  is linked  to  th e  M U  s ig n a l o f  th e  lin e a r  a c c e le ra to r  a n d  th e  c a m e ra  in te g ra tes  th e  scin tilla tion  light a n d  p ro d u c es  a  c u m u la tiv e  im a g e  fo r  e v e ry  M U  d e liv ­
e re d  th e re b y  a ls o  prov id ing  te m p o ra l d o s e  de p o sitio n  in fo rm ation . O p tic a l photon  s p re a d  is a c c o u n te d  fo r  by d e -c o n vo lv in g  a  g la re  k ern e l fro m  th e  ra w  im a g e s  an d  s y s te m  c a li­
b ration  is p e rfo rm ed  using  rad ia tion  fie ld s  o f know n  d o s e  d istrib u tions . IM R T  d o s e  d is trib u tions  acq u ire d  using  th e  s y s te m  w e re  v erifie d  using film  d o s im e try  a n d  a  h igh reso lu tion  
m in i-io n izatio n  c h am b e r. In  add ition  to  prov id ing  in s ta n ta n e o u s  dig ita l m e a s u re m e n ts  o f th e  d o s e  d is trib u tions  w ith  te m p o ra l d e position  in fo rm ation , th e  u s e  o f tis su e  e q u iva len t  
scin tilla to r w h ich  d o e s  not p ertu rb  th e  rad ia tion  b e a m  during  m e a s u re m e n t m e a n s  th e  d o s e  d e te c te d  by th is  s y s te m  is an  a c c u ra te  re p res en ta tio n  o f th e  d o s e  d e liv e re d  to  th e  ta r­
ge t.
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D e v e lo p m e n t o f a  N o v e l L iquid  Io n izatio n  C h a m b e r  fo r  R a d ia tio n  D o s im e try . K .J . S te w a r t  a n d  J.P . S e u n tje n s , M o n tre a l G e n e ra l H o sp ita l, M c G ill U n ive rs ity  H e a lth  C e n tre  —  T h is  
w o rk  in ve s tig a tes  th e  c h ara c te ris tics  o f a  novel liquid ion izatio n  c h a m b e r  c urren tly  u n d e r d e v e lo p m e n t a s  a  high a c c u ra c y  re fe re n c e  d o s im e te r. L iqu id -filled  ion izatio n  c h a m b e rs  
h a v e  m a n y  po ten tia l a d v a n ta g e s  o v e r  tra d itio n a l a ir-filled  c h a m b e rs . T h e s e  inc lude  a llow ing  fo r  a  s m all s e n s itiv e  v o lu m e  w h ile  m a in ta in in g  a  high s ig n al, lo w  p e rtu rba tion  e ffe c ts  
a n d  v ery  little e n e rg y  d e p e n d e n c e . A d o s im e te r  w ith  s uch  c h ara c te ris tics  w o u ld  be  particu la rly  usefu l in IM R T  o r  s m all fie ld  dos im etry . W e  h a v e  co n stru c ted  tw o  g u a rd e d  liquid  
ion izatio n  c h a m b e rs . T h e  G L IC -0 2  h a s  C 5 5 2  con d u ctin g  p las tic  e le c tro d e s , a  s en s itive  v o lu m e  o f  a p p ro x im a te ly  1 m m 3 a n d  a  p la n e -p a ra lle l d e s ig n . T h e  s en s itive  liquid u sed  is 
iso o c ta n e . T h e  p ro p e rties  o f th e  G L IC -0 2  a s  an  a ir-filled  d e v ic e  h a v e  b e e n  in ve s tig a ted  fo r 6 an d  18  M V  photon  b e a m s . In te rm s  o f c a lib ra tio n  fac to r, ion re c o m b in a tio n  an d  e n e r ­
gy  d e p e n d e n c e , th e  G L IC -0 2  h a s  c h a ra c te ris tic s  e q u iv a le n t to  th e  E xra d in  A 1 4 P , a  c o m m e rc ia l a ir-filled  c h a m b e r  w ith  a  s im ila r s e n s itiv e  v o lu m e . A s  w e ll, th e  polarity  e ffe c t o f th e  
G L IC -0 2  is s ign ifican tly  s m a lle r  th a n  th a t o f th e  A 1 4 P . W e  h a v e  a ls o  filled th e  G L IC -0 2  w ith  iso o cta n e  a n d  e x a m in e d  th e  stab ility  o f  its re s p o n s e  in a  60C o  b e a m . B e c a u s e  o f v a r i­
a tio n s  in th e  G L IC -0 2  re s p o n s e , w e  a re  inves tigating  a  n e w  c h a m b e r  d e s ig n , th e  G L IC -0 3 , w h ich  is o f s im ila r d im e n s io n s  but h a s  g ra p h ite  e le c tro d e s . W e  a re  d e te rm in in g  th e  
e ffe c t o f s e v e ra l p a ra m e te rs  includ ing  e le c tro d e  m a te r ia l, o p e ra tin g  con d itio n s  such  a s  th e  leng th  o f tim e  v o lta g e  is a p p lie d  to  th e  c h a m b e r  a nd  th e  irrad ia tion  tim e  an d  con tro lled  
im p u rities  such  a s  o x yg e n  on th e  stab ility  o f th e  liqu id -filled  c h a m b e r  re sp o n s e
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R e s p o n s e  o f a  M O S F E T  fo r 5 0  k e V  to  5  M e V  In c id e n t R a d ia tio n  a n d  its Im p a c t in R a d io th e ra p y  M e a s u re m e n ts *, L o u is  A r c h a m b a u lt ,  L. G in g ra s , J .F . C a rrie r, R . R o y  a n d  L. 
B e a u lie u , U n ive rs ité  Lava l, H ô te l D ie u  de  Q u é b e c  —  P u rp o se : W ith  th e ir  e x c e lle n t s p atia l reso lu tion , M O S F E T ’s a re  u sed  in th e  e va lu a tio n  o f  IM R T  tre a tm e n ts . W ith  th e  large  
n u m b e r o f fie ld s , s c a tte re d  rad ia tio n  is s ign ifican tly  h ig h e r in IM R T  th a n  in s ta n d ard  ra d io th era p y . T h o s e  pa rtic le s  a re  les s  e n e rg e tic  th a n  th e  p rim ary  con tribu tion  an d  th e re fo re  
cou ld  in d u c e  an  o v e r  re s p o n s e  in th e  s ilicon s e n s itive  a re a  o f  a  M O S F E T . M e th o d s  an d  m a teria ls : G E A N T 4 , a  M o n te  C a rlo  too lk it re ce n tly  v a lid a te d  fo r m e d ic a l p hysics , w a s  
u sed  to  a n a ly z e  d o s e  de p o s itio n  ins ide  th e  M O S F E T  c o m p a re d  to  th e  d e position  in a  s im ila r w a te r  v o lu m e . P h o to n  b e a m s  b e tw e e n  0 .0 5  a n d  5  M e V  w e re  s en t d irec tly  o r  in d irec t­
ly on  th e  d o s im e te r. E le c tro n  s p e c tra  re ac h in g  th e  a c tiv e  a re a  w e re  e v a lu a te d  fo r d iffe re n t d e p th s  a n d  fo r d iffe re n t out o f fie ld  d is ta n c e s . R esu lts : It w a s  fo u n d  th a t d o s e  d e p o s i­

114 Physics in Canada May / June 2004



Résumés des sessions orales

tion  by e le c tro n s  ins ide  th e  M O S F E T  could b e  c lass ified  acc o rd in g  to  th e  e le c tro n s  e n e rg ie s . F o r e le c tro n s  o f 1 M e V  an d  h igher, th e  d o s im e te r  o p e ra te s  in o p tim a l con d itio n s  w ith  
a  re s p o n s e  s im ila r to  w ate r. B e tw e e n  1 M e V  a nd  1 0 0  keV , th e  d iffe re n c e  b e tw e e n  w a te r  a nd  s ilicon c ro ss  s e c tio n s  g e n e ra te s  an  in cre a s in g  o v e r re s p o n s e  th a t re a c h e s  31 %  at 
1 0 0  keV . B e lo w  th a t, th e  a c tiv e  a re a  th ic k n e s s  b e g in s  to  p lay  an  im p o rtan t ro le, s in c e  m o re  e le c tro n s  a re  s to p p e d  in it, but not in w ate r, th u s  c au s in g  d isc re p a n c ie s . C o n c lu s io n :  
E v e n  if th e re  is an  in cre a se d  p re s e n c e  o f lo w  e n e rg y  rad ia tio n  in an  IM R T  tre a tm e n t, M O S F E T ’s cou ld  still be  u sed  fo r  v erific a tio n s , but a  c au tio u s  ca lib ratio n  is re q u ire d  an d  
u s ers  should  b e  a w a re  o f a n  o v e r  re s p o n s e  to  th e  s c a tte re d  rad ia tio n .

* This work is being supported by NSERC.
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E va lu a tio n  o f  th e  W a te r  E q u iv a le n c e  o f S o lid  W a te r  M o d e l 4 5 7  fo r P h o to n  a n d  E le c tro n  M e a s u re m e n ts  in T G -5 1  P ro to c o l, N . V id e la ,  D . B e a c h e y , A . F u n g , A . N ic o  a nd  R . 
T k a c z y k , Toronto S u n n yb ro o k  R e g io n a l C a n c e r C e n tre  —  T G -5 1  protoco l re c o m m e n d s  th a t w a te r  be  u sed  a s  th e  s ta n d ard  p h a n to m  m a teria l fo r c lin ical dos im etry . T h e  u s e  o f 
p las tic  is not part o f th e  pro toco l. In th is  s tudy  th e  w a te r  e q u iv a le n c y  o f  solid w a te r  fo r pho to n s  (6, 10  an d  1 8  M V )  an d  e le c tro n s  (5  to  21 M e V )  w a s  e v a lu a te d  using T G -5 1 p ro -  
to c o l. T h e  a b s o rb e d  d o s e  to  w a te r  w a s  c a lc u la te d  fro m  ion izatio n  m e a s u re m e n ts  p e rfo rm ed  in both p h a n to m s  a t a  d e p th  o f 10  cm  fo r photon  b e a m s  a n d  a t th e  d e p th  o f  dref fo r  
e le c tro n  b e a m s . T h e  d e te c to rs  co n sis te d  o f m u ltip le  F a rm e r  ty p e  cylindrica l ion c h a m b e rs  N E -2 5 7 1 -0 .6 c c  fo r th e  photon  b e a m  m e a s u re m e n ts . T h e s e  c h a m b e rs  w e re  c ro s s -c a li­
b ra te d  in a  C o b a lt b e a m  a g a in s t a  p rim ary  s ta n d a rd , a ls o  a  cylindrica l N E -2 5 7 1  ion c h a m b e r  o rig inally  c a lib ra ted  a t N R C . T h e  N D ca lib ratio n  fa c to rs  o f  all th e  c y lindrica l c h a m b e rs  
u sed  in th is  s tu d y  w e re  w ith in  0 .5 %  o f th e  p rim ary  s ta n d a rd . F o r th e  e le c tro n  b e a m  m e a s u re m e n ts , tw o  pa ra lle l p lan e  ion c h a m b e rs : M a rk u s  P T W N  2 3 3 4 3  a n d  th e  A ttix  m ode l 
4 5 4  w e re  u sed  fo r  d e te c tio n . Both c h a m b e rs  w e re  a ls o  c ro s s -c a lib ra te d  a g a in s t th e  p rim ary  s ta n d ard  using th e  T G -3 9  pro toco l o f th e  A A P M . T h e  a b s o rb e d -d o s e  ra tios  
(w a te r/s o lid  w a te r )  d e c re a s e  a s  th e  photon  e n e rg y  in c re a s e s . T h e  s p re a d  in th e  ra tio  re m a in e d  w ith in  ±  0 .5 %  fo r  a ll photon  e n e rg ie s . In  th e  c a s e  o f th e  e le c tro n  b e a m  th e  
s p re a d  in th e  ra tio  o f w a te r /s o lid  w a te r  is m uch larger, up to  ±  3 % . T h e  e le c tro n  b e a m  ratio  s h o w ed  an  in c re a s e  a s  th e  e n e rg y  o f th e  e le c tro n  in c re a s e s . T h e  c o nclus ion  o f th is  
w o rk  is th a t th o s e  resu lts  a re  c o n s is te n t a n d  s y s te m a tic  an d  th e re fo re , solid  w a te r  c an  be  u sed  a s  a  re p la c e m e n t o f w a te r  in rou tine  qua lity  a s s u ra n c e  w ork .

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A18] CASCA Carlyle S. Beals Award Lecture /
(CASCA) Conférence du Prix Carlyle S. Beals de la CASCA

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

11h00 - 11h45

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  G. H a rr is ,  U .W a te rlo o

W E -A 1 8 -1  1 1 h 0 0

E R N E S T  R . S E A Q U IS T ,  U n iv ers ity  o f Toronto

The G a la xy  M 8 2  - a R o se tta  S tone  fo r  the  S ta rb u rs t P h en o m e n o n

S ta rb u rs t activ ity  in g a la x ie s  is cu rren tly  th e  fo c u s  o f m uch  a tte n tio n , both in th e  loca l a n d  e arly  u n iv ers e . O n e  re as o n  is th a t it n o w  a p p e a rs  th a t such  activ ity  w a s  th e  p rim ary  
m o d e  fo r  s ta r  fo rm a tio n  in th e  first g e n e ra tio n s  o f g a la x ie s , fo r  e x a m p le  th e  u ltra  lu m in o u s  in fra red  em itting  g a la x ie s  d e te c te d  a t h igh red shift in s u b -m m  s u rve ys . T h o u g h  s ta r fo r­
m a tio n  is less  co m m o n  in th e  u n iv ers e  to d a y , th e  loca l u n iv ers e  p ro v id es  th e  b est m e a n s  to  e x p lo re  th e  s ta rb urst p h e n o m e n o n  a t h ig h e r reso lu tion  a n d  to  u n d e rs tan d  th e  d e ta ile d  
p ro c e s s e s  re sp o n s ib le . T h e  g a la x y  M 8 2  w a s  know n  a s  a  n e arb y  p e cu lia r s y s te m  long b e fo re  th e  s ta rb u rst p h e n o m e n o n  b e c a m e  a  p la y e r on th e  c o sm o lo g ic a l s ta g e . A s  m ore  
a n d  m o re  d a ta  e m e rg e d  to  pe rm it an  u n d e rs tan d in g  o f  th is  p e cu lia r g a la x y  th ro u g h o u t th e  1 9 6 0 ’s 7 0 ’s  a n d  8 0 ’s , it b e c a m e  in cre a s in g ly  c le a r  th a t th e  in te n se  activ ity  in th is  s ys te m  
s e e n  in a ll w a v e b a n d s  re flec t an  a n o m a lo u s ly  high ra te  o f s ta r  fo rm a tio n , possib ly  linked  to  g a la x y  in te rac tio n . M y  lec tu re  w ill tra c e  th e  m ile s to n e s  during  th is  p eriod , by w h ich  w e  
c a m e  to  u n d e rs tan d  M 8 2 ’s ro le  a s  a  “R o s e tta  S to n e ” o f th e  s ta rb u rst p h e n o m e n o n , an d  h o w  it c o n tin u e s  to d a y  to  set th e  p a c e  fo r u n d e rs tan d in g  th e  m e c h a n is m s  w h ich  p rom ote  
a n d  inhibit e xp lo s ive  s ta r  fo rm a tio n .

1 1 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-A19] New Directions in Imaging / WEDNESDAY, JUNE 16

(CASCA) Nouvelles orientations en imagerie MERCREDI, 16 JUIN 
11h45 - 12h30

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  T. L a n d e c k e r , N R C

W E -A 1 9 -1  1 1 h 4 5

C ro s s in g  T h e  D isc ip lines : U s in g  M e d ic a l Im a g in g  S o ftw a re  F o r D o ing  A s tro n o m ic a l Im a g e  A n a ly s is , Ia n  C a m e r o n  an d  J .L . W e s t, U n ive rs ity  o f  M a n ito b a  —  T h o u g h  d iffering  in 
a p p ro a c h , both a s tro n o m ic a l an d  m e d ic a l im a g e  a n a ly s is  s h a re  m a n y  co m m o n  te c h n iq u e s  a n d  c h a lle n g e s . H a v in g  had  e x p e r ie n c e  using  th e  Im a g e J  p ro g ra m  fro m  N IH  fo r C C D  
c a m e ra  con tro l a nd  im a g e  acq u is itio n , w e  fe e l it is w o rth w h ile  to  fu rth e r  e x p lo re  th e  fe a s ib ility  o f using m e d ic a l im ag ing  s o ftw a re  fo r  d o ing  a s tro n o m y, an d  in th e  p ro c es s  b enefiting  
fro m  n e w  a p p ro a c h e s  fo r  do ing  s o m e  co m m o n  as tro n o m ic a l im a g e  p ro c es s in g  ta s k s . W e  p re se n t a  c o m p aris o n  o f  th e  s ta n d ard  a s tro n o m ic a l im a g e  p ro c es s in g  p a c k a g e , IR A F , 
w ith  th e  fre e ly  a v a ila b le  m e d ic a l im a g e  p rocess ing  p a c k a g e , Im a g e J . W e  c o m p a re  th e  im a g e  a n a ly s is  a n d  v is u a liza tio n  c a p a b ilit ie s  a s  w e ll a s  th e  q u a n tita tiv e  resu lts  p roduced  
fro m  th e s e  s o ftw a re  p a c k a g e s .

W E -A 1 9 -2  1 2 h 0 0

S m e a r  F itting: A  N e w  D e co n vo lu tio n  M e th o d  F o r In te rfe ro m e try , R o b  R e id , D R A O /H IA /N R C  —  In te rfe ro m e te rs  m e a s u re  th e  F o u rie r  tra n s fo rm  o f th e  im a g e  p la n e , but ra re ly  can  
a  go o d  im a g e  be  o b ta in e d  s im p ly  by co m p u tin g  th e  F F T  o f  th e  m e a s u re m e n ts , b e c a u s e  th e  m e a s u re m e n ts  a re  typ ica lly  a n  in co m p le te  s a m p le . D e -c o n v o lu tio n  te c h n iq u e s  w o rk  
by inco rp orating  a d d itio n a l c o n stra in ts , such  a s  loca lity  o r s m o o th n e s s  in th e  fina l im a g e . S m e a r  fitting is a  n e w  d e -c o n vo lu tio n  m e th o d  th a t m a k e s  its co n stra in ts  d o u b le  a s  a  
m o d e l, w ith  u n c erta in tie s , o f th e  s o u rc e . In fa c t it c an  b e  v ie w e d  a s  a  too l fo r eas ily , o r e v e n  a u to m a tica lly , p roducing  a nd  fitting a  m o d e l fo r  a  s o u rc e . I p ro p o s e  th a t such  m o d e l-  
b a s e d  co n stra in ts  a re  not on ly  m o re  sc ien tifica lly  usefu l th a n  th e  o n e s  u sed  in tra d itio n a l d e -c o n vo lu tio n  m e th o d s , but a ls o  m o re  a p p ro p ria te  fo r  im ag in g . A n  a d d itio n a l b e n e fit o f 
s m e a r  fitting is th a t it typ ica lly  a c h ie v e s  m uch s h a rp e r (re lia b le ) reso lu tion  th a n  C L E A N , w h ile  s im u lta n e o u s ly  avo id in g  th e  m ost s e rio u s  p ro b le m s  th a t can  a r is e  w ith  C L E A N  o r tra ­
d itiona l m a x im u m  e n tro p y  o r m o d e l fitting d e -c o n vo lu tio n . I w ill s h o w  s o m e  e x a m p le s  fro m  rad io  a s tro n o m y, an d  e xp la in  w h y  th e  fa m o u s  R a y le ig h  criterion  (reso lu tio n  =  w a v e ­
leng th  /  b a s e lin e ) is in ap p ro p ria te  fo r in te rfe ro m ete rs .

* This work is being supported by University of Toronto, NRC, and NSERC.

W E -A 1 9 -3  1 2 h 1 5

O n  P red ic tin g  th e  P o la riza tio n  o f L o w -fre q u e n c y  E m is s io n  by D iffu se  In te rs te lla r  D u s t* , P e te r  M a r t in ,  CITA, U n ive rs ity  o f  Toronto  —  S e v e ra l o f th e  c u rren t an d  n e x t-g e n e ra tio n  
c o sm ic  m ic ro w a v e  b a ck g ro u n d  (C M B ) e x p e rim e n ts  h a v e  p o la rim e tric  c apab ility  (inc lud ing  th e  P la n c k  S u rv e y o r fo r w h ich  C a n a d ia n  p artic ipa tion  is fu n d e d  by th e  C S A ),  prom ising  
to  ad d  to  th e  fin e s s e  o f p rec is ion  c osm ology . O n e  o f th e  c o n ta m in a tin g  G a la c t ic  fo re g ro u n d s  is th e rm a l e m is s io n  by dust. S in c e  op tica l in te rs te lla r p o la riza tio n  is c o m m o n ly  s e e n , 
fro m  d iffe ren tia l extinc tion  by a lig n e d  a s p h e ric a l dus t partic les , it s e e m s  likely th a t th e  th e rm a l e m iss io n  w ill be  p o la riz e d . In d e e d , in th e  G a la c t ic  p lan e  a nd  in d a rk  (m o le c u la r)  
c lo u d s , dus t e m is s io n  in th e  in fra red  an d  s u b m illim etre  h a s  b e en  m e a s u re d  to  b e  p o la rize d . It s e e m s  likely th a t th e  fa in t d iffu se  c irrus  e m is s io n , o f  m o re  in te res t (a n d  n u is a n c e ) to  
C M B  e x p e rim e n ts , w ill be  p o la rize d  too . W e  d isc u s s  h o w  w e ll th e  a m o u n t o f p o la riza tio n  o f th is  c o m p o n e n t can  b e  p re d ic te d , m a k in g  u s e  o f w h a t is know n  a b o u t op tical (and  
in fra red  a n d  u ltrav io le t) in te rs te lla r p o la riza tio n . S o m e  co n stra in ts  on a n o m a lo u s  m ic ro w a v e  e m is s io n  fro m  sp in n in g  dus t c an  b e  m a d e  th roug h  p o la rim e try  a s  w e ll.

* This work is being supported by NSERC and CSA.

1 2 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n
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Or a l  Se s s io n  A b s tr a c ts

[WE-A20]

(CAP/ACP)

N e w  F a c u l t y  L u n c h e o n  w i t h  N S E R C  /

Déjeuner pour les nouveaux professeurs avec le CRSNG
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
12h30 - 13h30

[ R o o m /S a l le  : P r iv a te  D in in g  R o o m  ] C h a ir :  W. D a v id s o n ,  N R C

[WE-A21]

(CASCA)

C I T A  A n n u a l  G e n e r a l  M e e t i n g  /  

Assemblée générale de CITA
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
12h30 - 13h30

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  R . B o n d ,  C ITA

[WE-P1]

(C AP-CO M P/ 
ACP-OCPM  )

C A P / C O M P  P .  K i r k b y  M e m o r i a l  M e d a l  W i n n e r  /  

Récipiendaire de la médaille commémorative P. Kirkby de 
l'ACP/OCPM

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

13h30 - 14h15

[ R o o m /S a l le  : V ic to r ia  ] C h a ir :  M . S te in itz ,  S t. F r a n c is  X a v ie r  U .

W E -P 1 -1 1 3 h 3 0

R O B E R T  C . B A R B E R , U n iv ers ity  o f M a n ito b a  

IU P A P  - A  B r ie f  In troduc tio n

T h e  In te rn a tio n a l U n io n  o f P u re  a nd  A p p lie d  P h ys ics  w a s  fo rm e d  in 1 9 2 2  a n d  is o n e  o f  th e  o ld e s t in te rn a tio n a l s cien tific  o rg a n iz a tio n s . Its  m a in  p u rp o s e  is th e  prom otion  o f in te r­
n a tio n a l sc ien tific  e x c h a n g e  in physics. It d o e s  th is  by s ponso ring  in te rn a tio n a l c o n fe re n c e s  th a t a ttra c t a  w id e r  c o n stitu en cy  th a n  th o s e  o f n a tio n a l c o n fe re n c e s  a n d  by im p le m e n t­
ing th e  p rincip le  o f th e  fre e  in te rn a tio n a l c ircu latio n  o f sc ien tis ts . W h ile  its o rg a n iza tio n  is c en tred  a ro u n d  a  re p re s e n ta tiv e  s e t o f  c lass ic  d isc ip lines , it is a d a p tin g  its s tru c tu re  to  
re sp o n d  to  a  n u m b e r o f n e w  c h a lle n g e s , no tab ly  th o s e  a ro u n d  big s c ie n c e  an d  in te rn a tio n a l c o o p e ra tio n . A n  o v e rv ie w  o f th e  o rg a n iza tio n  a n d  its c u rren t a c tiv ities  w ill b e  p re s e n t­
e d .

1 4 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P2]

(C O M P/O C P M  )

R a d i a t i o n  T r e a t m e n t  D e l i v e r y  /  

Exécution de la radiothérapie
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
13h30 - 15h00

[ R o o m /S a l le  : A lb e r t  ] C h a ir :  D . V ig g a rs , C a n c e rC a re  M a n ito b a

W E -P 2 -1  1 3 h 3 0

S u rfa c e  an d  P e rip h e ra l S u r fa c e  D o s e  on th e  P ro s ta te  IM R T T r e a tm e n t , J a m e s  C .L .  C h o w , G rig o r G rig o ro v  an d  R o b  B . B a rn e tt, G ra n d  R iv e r  R e g io n a l C a n c e r C e n te r  —  
S u rfa c e  an d  p e rip h e ra l s u rfa c e  d o s e  o f a  f iv e -b e a m  p ro s ta te  In tensity  M o d u la te d  R a d ia tio n  T h e ra p y  ( IM R T )  a n d  c o n ve n tio n a l fo u r -b e a m  box irrad ia tio n s  using m u ltile a f co llim a to r  
(M L C ) w e re  m e a s u re d . T h e  a im  is to  in ve s tig a te  h o w  th e  d y n a m ic  m o v e m e n t o f M L C  v a r ie s  w ith  th e  con fig u ra tio n  o f th e  linac  h e a d . T h is  m a y  a ffe c t th e  h e a d  le a k a g e  a n d  s e c ­
o n d a ry  c o llim a to r sca tte rin g  con tribu ting  to  th e  s u rfa c e  a n d  p e rip h era l s u rfa c e  d o s e  o f th e  pa tien t. A ty p ic a l  f iv e -b e a m  p ro s ta te  IM R T  p lan n in g  a n d  irrad ia tion  c arried  out on a  C T  
s c a n n e d  R a n d o  P h a n to m  w e re  e x a m in e d . C a lib ra te d  M O S F E T  d e te c to rs  w e re  p lac e d  w ith  e q u a l d is tan c e  a lo n g  a  tra n s v e rs e  s u rfa c e  line  a t th e  c e n tra l a x is  o f th e  b e a m  a ro u n d  
th e  p h a n to m  s u rfa c e  (left, a n te r io r  an d  right) in o rd e r  to  m e a s u re  th e  s u rfa c e  d o s e . T h e  d e te c to rs  on th e  tra n s v e rs e  s u rfa c e  line w e re  th e n  sh ifted  to w a rd s  th e  in fe rio r to  5  an d  10  
c m  fro m  th e  c en tra l a x is  o f th e  b e a m  an d  th e  m e a s u re m e n t w a s  re p e a te d . A  c o n ve n tio n a l fo u r -b e a m  box p lan n in g  a n d  irrad ia tion  w e re  a ls o  d o n e  on  th e  p h a n to m  w ith  th e  s a m e  
P a tie n t T a rg et V o lu m e , an d  th e  s a m e  m e a s u re m e n ts  w e re  c arried  out fo r c o m p aris o n . P e r ip h e ra l s u rfa c e  d o s e s  fo r  th e  IM R T  an d  c o n ve n tio n a l fo u r -b e a m  irrad ia tio n s  w e re  m e a s ­
u red  up to  3 0  cm  in fe rio r fro m  th e  c en tra l a x is  o f  th e  b e a m  a lo n g  th e  p h a n to m ’s sag itta l s u rfa c e  line. W e  foun d  th a t th e  f iv e -b e a m  IM R T  irrad ia tion  g ive s  m o re  s u rfa c e  a n d  p e rip h ­
e ra l s u rfa c e  d o s e s  th a n  th o s e  o f th e  c o n ve n tio n a l fo u r -b e a m .”

W E -P 2 -2  1 3 h 4 5

M ix e d  IM R T  a n d  C o n v e n tio n a l F o u r-B e a m  Box T re a tm e n t on P ro s ta te  C a n c e r , G r ig o r o v  N . G r ig o r ,  J a m e s  C .L . C h o w  a nd  R o b  B . B a rn e tt, M e d ic a l P h ys ics  D e partm ent,
G ra n d  R iv e r  R e g io n a l C a n c e r C e n te r  —  It is w e ll know n  th a t th e  In tensity  M o d u la te d  R a d ia tio n  T h e ra p y  on p ro s ta te  c a n c e r c an  g ive  goo d  c o n fo rm a l d o s e  c o v e ra g e  on th e  
P a tie n t T a rg et V o lu m e  (P T V ) an d  re d u c e  th e  co m p lic a tio n s  to  th e  critical o rg a n s  such a s  b la d d e r a n d  re c tu m . H o w e v e r, s uch  tre a tm e n t ta k e s  a  long p a tien t set up  an d  irrad ia tion  
tim e  a n d  th e re  is a  c lin ical co n ce rn  in th e  in c re a s e  o f neu tro n  d o s e  e x p o s u re  to  th e  p a tien t body. O n  th e  o th e r h a n d , th e  c o n ve n tio n a l fo u r -b e a m  box te c h n iq u e  is a  s im p le , re li­
a b le  a n d  qu ick  tre a tm e n t op tio n , th o u g h  it c a n n o t g ive  th e  s a m e  d e s ire d  d o s e  c o v e ra g e  to  th e  p ro s ta te  P T V  a s  th a t o f th e  IM R T . To d a te , it is possib le  to  jo in  both th e  fo u r-b e a m  
box a n d  IM R T  te c h n iq u e  in th e  p ro s ta te  tre a tm e n t in th e  tre a tm e n t p lan n in g . T h e  id e a  is to  c o m b in e  th e  a d v a n ta g e s  o f th e  fo u r -b e a m  box (sh o rt tre a tm e n t tim e  an d  p a tien t im m o ­
b iliza tio n ), an d  th e  a d v a n ta g e s  o f th e  IM R T  (c o n fo rm a l d o s e  de liv ery  to  th e  ta rg e t a nd  b e tte r  co m p lic atio n  avo id in g  o f  th e  critical o rg a n s ). T h e  p a tien t w ill first go  fo r a  c o n v e n tio n ­
a l fo u r -b e a m  box tre a tm e n t fo r a  n u m b e r o f fra c tio n s  a n d  th e n  IM R T  w ill be  u sed  to  e s c a la te  th e  d o s e  in th e  P T V . D iffe re n t p lan n in g  an d  irrad ia tio n s  w e re  d o n e  w ith  v a rio u s  fra c ­
tio n a l c o m b in a tio n s  o f IM R T  a n d  fo u r -b e a m  box in o rd e r to  o p tim iz e  th e  tre a tm e n t p ro c es s . M e a n  D o s e  (M D ) o f th e  o v e rla p p e d  parts  o f th e  rectu m  an d  b lad d er, N T C P  an d  M D  o f 
th e  critical o rg a n s  in d iffe re n t p lan s  w e re  a ls o  c a lc u la te d  a n d  s tu d ied  to  o p tim ize .
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P a ra m e te rs  A ffec tin g  th e  S p u rio u s  V aria tio n  o f P h o to n  F lu e n c e  in IM R T , F a b io la  V a lle jo ,  T h o m a s  J. F a rre ll, O re s t Z .  O s ta p ia k , Ju ra v in s k i C a n c e r C e n tre  a n d  M c M a s te r  
U n ive rs ity  —  IM R T  o p tim iza tio n  y ie ld s  in tensity  flu e n c e  m a p s  (F M ) w h ich  s pec ify  h o w  th e  flu e n c e  m u s t v ary  a cro s s  e a c h  b e a m  in o rd e r to  satis fy  p lan n in g  o b je c tiv e s  an d  c o n ­
stra in ts . S o m e  o f th e  v aria tio n  in a  F M  m a y  be  s p u rio u s  s in c e  th e  o p tim iza tio n  a lg o rith m  d o e s  not fa v o u r th e  s m o o th e s t s e t o f F M s  fro m  m ultip le  n e arly  d e g e n e ra te  sets. 
N e v e rth e le s s , a  s m ooth  s e t o f F M s  is d e s ira b le  b e c a u s e  it is m o re  e ffic ie n t to  de liv e r, len d s  itse lf b e tte r  to  in te rp o la tio n  a n d  s im p lifies  d o s im e tric  v erific a tio n . W e  in ve s tig a ted  s e v ­
e ra l p a ra m e te rs  w h ich  a re  h y p o th e s iz e d  to  a ffe c t s p u rio u s  v a r ia tio n . T h o s e  th a t ha d  th e  g re a te s t e ffe c t a re : th e  s iz e  o f th e  fie ld  m a rg in , th e  s ep a ra tio n  b e tw e e n  th e  p lan n in g  ta rg e t  
v o lu m e  (P T V )  a n d  th e  o rg a n  a t risk (O A R ) a nd  th e  e ffe c t o f d o s e  c a lc u la tio n  grid d im e n s io n s . It is fo u n d  th a t a  m arg in  o f less  th a n  o r  e q u a l to  0 .5 c m  fro m  th e  P T V  to  th e  fie ld  
e d g e  in c re a s e s  th e  v aria tio n  w ith in  a  F M . T h e  s ep a ra tio n  b e tw e e n  th e  P T V  an d  th e  O A R  is v a r ie d  in tw o  s im p lified  g e o m e tr ie s . It is fo u n d  th a t th e  p rox im ity  o f a  P T V  to  an  O A R  
a ffe c ts  th e  v aria tio n  in a  F M  in a  m a n n e r  s im ila r to  th e  p rox im ity  o f a  P T V  to  a  b e a m  e d g e . In o u r s im p le  p h a n to m , d o s e  grids  w h o s e  d im e n s io n s  d iv id e  e ve n ly  into th e  pencil 
b e a m  d im en s io n  re d u c e  th e  a m o u n t o f s p u rio u s  v aria tio n  in a  F M  c o m p a re d  to  th o s e  th a t d o  not. In both c a s e s , red u cin g  th e  d o s e  grid d im en s io n  d e c re a s e s  th e  a m o u n t o f  spuri­
o u s  v aria tio n .
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C lin ica l Im p le m e n ta tio n  O f  A 3 - D  M o n te  C a rlo  B a s e d  V a lid a tio n  P ro c e s s  F o r IM R T , W a y n e  B e c k h a m , C . S h a w , G . C ra n m e r-S a rg is o n , D . W e lls , S . Z a v g o ro d n i, R . M a n n  a nd  T  
P o p e s c u , B C  C a n c e r A gency, V a n co u ve r Is la n d  C e n tre  —  W ith  th e  re ce n t add ition  o f  IM R T  tre a tm e n t a t th e  B C C A , V a n c o u v e r  Is land  C e n tre , it h a s  b e c o m e  n e c e s s a ry  to  d e v e l­
o p  in d e p e n d e n t m e th o d s  fo r verify ing  th e  a c c u ra c y  o f  tre a tm e n t p lan n in g  fo r th is  p ro c e d u re . F o llow ing  e x te n s iv e  b e n c h m a rk in g  o f a  M o n te  C a rlo  (M C ) b a se d  d o s e  calc u la tio n  
p ro c es s  (us ing  B E A M n rc  an d  D O S X Y Z )  a g a in s t linac  d a ta  fro m  o u r institu tion , w e  h a v e  d e v e lo p e d  a  m e th o d  th a t a llo w s  M C  calc u la tio n  o f  IM R T  d o s e  d is trib u tions  w ith in  pa tien t 
C T  d a ta  s ets . W e  c re a te d  s p ec ific  c o m p u te r  p ro g ra m s  th a t s tre a m lin e  th e  s im u la tio n  an d  a n a ly s is  o f  IM R T  p lan s . In  add ition  w e  a d a p te d  th e  M C  m o d e l to  h a n d le  a b so lu te  
d o s im e try  fo r m u ltip le  fie ld s , e a c h  w ith  a  s p ec ific  n u m b e r o f m a c h in e  m o n ito r units (M U ) a s s o c ia te d . F o r th e  p u rp o s e  o f a n a ly s is , p ro g ra m s  w e re  c re a te d  th a t c o n ve rt M C  d o s e  
distrib u tions  to  a  fo rm a t re a d a b le  by o u r c o m m e rc ia l tre a tm e n t p lan n in g  s y s te m  (T P S ).  T h is  put th e  v a r io u s  to o ls  a v a ila b le  in th e  T P S , such  a s  d o s e  v o lu m e  h is to g ram s , p lan  s u b ­
tra c tio n s , a nd  o b je c t co n to u rs  a t o u r d isp o sa l. T h e  e n tire  M C  IM R T  s y s te m  h a s  b e e n  tho ro u g h ly  b e n c h m a rk e d  a g a in s t e x p e r im e n t an d  th e s e  resu lts  w ill b e  d isc u s se d . W e  will 
p re se n t th e  M C  d e riv e d  d o s e  d istribution  fo r a  p a tien t tre a te d  w ith  7 -fie ld  s lid ing w in d o w  h e ad  a n d  n e ck  IM R T  in o u r c e n tre , sh o w in g  a  d o s e  a t th e  IC R U  point th a t is 3 %  lo w er  
th a n  th e  T P S  c a lc u la te d  o n e . A  d e ta ile d  q u a n tita tiv e  a n a ly s is  o f th e  d iffe re n c e  b e tw e e n  th e  M C  a n d  th e  T P S  3 -d im e n s io n a l d o s e  d is trib u tions  c o m p a re d  to  e x p e rim e n t in an  
a n th ro p o m o rp h ic  p h a n to m  is inc luded .
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R a d ia tio n  S p o t P osition  N o n -C o in c id e n c e  O n  D u a l E n e rg y  L inacs : Im p lic a tio n s  F o r P rec is io n  T h e ra p ie s , D a ry l  S c o r a ,  Toronto S u n n yb ro o k  R e g io n a l C a n c e r C e n tre  —  P rec is io n  
th e ra p ie s  s uch  a s  IM R T , s te re o ta c tic  rad io su rg ery , an d  im a g e -g u id e d  th e ra p y  a re  m o re  s e n s itiv e  to  s y s te m a tic  s e tu p  e rro rs  th a n  c o n ve n tio n a l tre a tm e n ts . M a n y  o f th e s e  tre a tm e n t  
m o d a lit ie s  a re  be in g  d e liv e re d  on lin e a r  a c c e le ra to rs  w ith  tw o  a v a ila b le  photon  e n e rg ie s . W e  h a v e  o b s erv e d  th a t th e  rad ia tion  spo t pos itions  on o u r d u a l e n e rg y  linacs  a re  not 
a lw a y s  c o in c id e n t, particu la rly  in th e  c ro s s -p la n e  d irec tion  w h e re  th e re  is no contro l o v e r th e  spo t position . D e v ia tio n s  o f up to  1 .5  m m  b e tw e e n  th e  rad ia tio n  spo t position (p ro je c t­
e d  to  iso c e n tre ) an d  th e  c o llim a to r a x is  o f  ro ta tion , 1 m m  b e tw e e n  th e  rad ia tio n  spo t pos itions  o f d iffe re n t b e a m  e n e rg ie s , an d  1 m m  b e tw e e n  th e  c o llim a to r a n d  g an try  m e c h a n ic a l 
a x e s  o f ro ta tion  h a v e  b e e n  o b s e rv e d  a t th e  iso c e n tre  p lan e . T h e  m e a s u re d  rad ia tio n  spo t pos itions  a nd  m e c h a n ic a l is o c e n te r  a lig n m e n t on o u r 6 d u a l e n e rg y  linacs  a re  s u m m a ­
rized  a n d  th e  im p lic a tio n s  fo r m a c h in e  s e tu p , p rec is ion  p a tien t tre a tm e n t, a n d  porta l im ag in g  w ill be  briefly  d isc u s se d . A fa c to ry -s u g g e s te d  te c h n iq u e  to  c h a n g e  th e  rad ia tio n  spot 
pos itions  th a t w a s  su ccess fu lly  a p p lie d  to  o n e  o f o u r linacs  w ill a ls o  be  p re se n te d .
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O p tim iza tio n  o f  Im ag in g  G e o m e try  fo r  M e g a v o lta g e  C o n e -B e a m  C T *  M a u r o  T a m b a s c o , G . P a n g , P. O ’B rien  a n d  J .A . R o w la n d s , T o ro n to -S unn yb ro ok  R e g io n a l C a n c e r C e n tre  
—  O u r  ov era ll go a l is to  d e v e lo p  m e g a -v o lta g e  c o n e -b e a m  C T  (M V C T )  using a  f la t-p a n e l d e te c to r  fo r im a g e -g u id e d  ra d io th era p y . In th is  w o rk , w e  h a v e  fo rm u la te d  an d  a p p lie d  a  
g e n e ra l s ig n a l-to -n o is e  ra tio  (S N R )  index  o f im a g e  qua lity  —  th e  d e te c tab ility  index  —  to  find o p tim a l g e o m e tr ic  m a g n ifica tio n s  re q u ire d  fo r  M V C T  using  a  f la t-p a n e l d e tecto r. T h e  
d e te c tab ility  index  in co rp o ra te s  th e  e ffe c ts  o f im a g e r  d e te c tiv e  q u a n tu m  e ffic ien cy  (D Q E ),  x -ra y  s o u rce  s iz e , x -ra y  sca tte r, an d  ob je ct s iz e  a n d  c on trast. In th is  study, w e  used  
w a te r  p h a n to m s  to  re p re s e n t n o m in a l p a tien t th ic k n e s s e s , a n d  a s s u m e d  th e  a n a to m ic a l s tru c tu res  o f in te res t to  be  c y lindrica l o b je c ts  (o f v a rio u s  s iz e s  a n d  d e n s itie s ) e m b e d d e d  in 
th e  c e n te r  o f th e  p h a n to m s . To c a lc u la te  th e  d e te c tab ility  index, w e  co m p u te d  th e  d e te c t iv e  q u a n tu m  e ffic ie n c y  (D Q E )  o f th e  f la t-p a n e l fro m  M o n te  C a r lo  s im u la tio n s  using d o s es  
re p re s e n ta t iv e  o f th o s e  in M V C T , a n d  w e  m o d e le d  th e  e ffe c t o f fin ite  x -ra y  s o u rc e  s ize  w ith  a  G a u s s ia n  func tion  w h o s e  w id th  w a s  ta k e n  fro m  th e  litera tu re . T h e  e ffe c ts  o f x -ra y  
s c a tte r  w e re  d e riv e d  fro m  m e a s u re m e n ts  o f s c a tte r-to -p r im a ry  ratio  a c q u ire d  w ith  th e  p h a n to m s . To v a lid a te  o u r th e o re tic a l p re d ic tions  o f op tim a l m ag n ifica tio n  fo r a n  o b je c t, w e  
c o m p a re d  th e  o p tim a l m a g n ifica tio n  d e riv e d  fro m  th e  d e te c tab ility  in d e x  resu lts  w ith  m e a s u re d  o u tp u t-S N R  resu lts  co m p u te d  fro m  fla t-p a n e l im a g e s  o f a  p h a n to m . O u r  resu lts  
s h o w  th a t sm all s tru c tu res  re q u ire  s m a lle r  o p tim a l m a g n ifica tio n s  th a n  la rg e r ob je c ts . F u rth e rm o re , w e  fo u n d  th e  im a g e  q ua lity  o f  s m a lle r  o b je c ts  to  be  m uch m o re  s e n s itive  to  
m a g n ifica tio n  th a n  la rg e r ob je c ts , ind icating  th e  im p o rta n ce  o f using th e  op tim a l m ag n ifica tio n  in s uch  c a s e s .

* This work is being supported by Siemens Medical Solutions USA.
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[WE-P3] V i s u a l i z i n g  T h e o r y :  S i m u l a t i o n s  i n  C o s m o l o g y  /

(cAScA ) Théorie de visualisation : simulations en cosmologie
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
14h00 - 14h45

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  C. K e r to n ,  Io w a  S ta te  U.
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J O H N  J . D U B IN S K I,  U n ivers ity  o f  Toronto

A  U n ive rse  in M o tio n  :  D y n a m ic a l E vo lu tio n  o f G a la x ie s  in the  N e w  C o sm o lo g ica l P a ra d ig m

In te ra c tio n s  an d  m e rg e rs  d rive  g a la x y  m o rp h o lo g ic a l e v o lu tio n . T h e  g a la x ie s  th a t c o n d e n s e  ou t o f th e  c o sm o lo g ic a l e xp a n s io n  fo rm  in g ro u p s  a n d  fa ll into c lu s te rs  c rea tin g  o p p o r­
tu n itie s  fo r in te rac tio n s . In te rac tio n s  lea d  to  e n h a n c e d  ra te s  o f  s ta r fo rm a tio n  a n d  s ta rb ursts  an d  u ltim ate ly  lea d  to  m e rg e rs  -  th e  m a in  m o d e  o f  fo rm a tio n  o f th e  e llip tical g a la x ie s .
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[WE-P4]

(D C M M P /D P M C M  )

M a t e r i a l s  a n d  M a g n e t i s m  /  

Matériaux et magnétisme

[ R o o m /S a l le  : V ic to r ia  ]

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

14h15 - 16h30

C h a ir :  R . R o s h k o ,  U .M a n ito b a
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G U Y  Q U IR IO N , M e m o ria l U n ivers ity  o f  N e w fo u n d la n d  

In v e s tig a tio n  o f  th e  P h a se  D ia g ra m  o f  UNÎ2 SÎ2

It is n o w  w e ll e s ta b lis h e d  th a t th e  s trong a n is o tro p y  in th e  m a g n e tic  p ro p e rties  o f  th e  in te rm eta llic  c o m p o u n d s  U T 2S Î2, w h e re  T  s tan d  fo r a  trans ition  m e ta l, is re sp o n s ib le  fo r  th e ir  
rich m a g n e tic  p h a s e  d ia g ra m . H o w e v e r, w ith in  th a t s e r ie s  o f  c o m p o u n d s  (U R u 2S i2, U P d 2S i2, U R h 2S i2 ju s t to  n a m e  a  fe w ), U N i2S i2 is o n e  th a t s h o w s  an  u n u s u a l s e q u e n c e  o f 
m a g n e tic a lly  o rd e re d  s ta te s  w h ich  c an n o t be  a c c o u n te d  fo r by th e  a x ia l n e x tn e a re s t n e ig h b o r Ising m o d e l (A N N N I) .  F o r th a t re a s o n , U N i2S i2certa in ly  c o n tin u e s  to  a ttra c t m uch  
a tte n tio n . T h u s , in o rd e r to  b e tte r  u n d e rs tan d  its u n u s u a l m a g n e tic  p ro p e rties , w e  h a v e  in v e s tig a te d , by m e a n s  o f s o u n d  v e lo c ity  m e a s u re m e n ts , th e  in flu e n ce  o f p re ss u re  on its 
m a g n e tic  p h a s e  d ia g ra m . F irst o f a ll, o u r  m e a s u re m e n ts , in th e  m a g n etic a lly  o rd e re d  s ta te s , in d ica te  th a t th e  te m p e ra tu re  d e p e n d e n c e  o f th e  e la s tic  p ro p e rties  a lo n g  th e  c -a x is  is 
d o m in a te d  by m a g n e to e la s t ic  e ffe c ts . M o re o v e r, th e  a n a ly s is  o f  th e  te m p e ra tu re  d e p e n d e n c e  fo r th e  in c o m m e n s u ra te  long itud ina l s p in -d e n s ity  s ta te  re v e a ls  a  =  0 .3 8  w h ich  is c o n ­
s is te n t w ith  o th e r  ty p e  o f $critica l e x p o n e n t m e a s u re m e n ts . F ro m  a ll th e s e  m e a s u re m e n ts , w e  d e riv e  th e  m a g n e tic  p h a s e  d ia g ra m  o f U N Î2S Î2 a t d iffe re n t p re ss u res . O u r  o b s e rv a ­
tio n s  c le a rly  in d ica te  th a t th e  c o m m e n s u ra te  long itud ina l s p in d e n s ity w a v e  w ith  a  fe rro m a g n e tic  c o m p o n e n t (< 1 2 > p h a s e  b e lo w  5 0  K ) is th e  on ly  p h a s e  th a t s e e s  its stab ility  in c re a s ­
e s  u n d e r p re ss u re  an d  m a g n e tic  fie ld . F ina lly , o u r inves tigation  a ls o  re v e a ls  th a t th e  c o o rd in a te s  o f  th e  tr ip le -p o in t (T p , H p ) d e c re a s e  w ith  p re ss u re  a t a  ra te  o f d T p /d P  =  -.1  
K /k b a r  an d  d H p /d P  =  0 .1  T /k b a r, respective ly .
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F o rm a tio n  o f N ic k e l-G ra p h ite  In te rca la tio n  C o m p o u n d s  on S ilicon  C a rb id e , C o r y  D e a n  an d  K . R o b b ie , Q u e e n ’s  U n ive rs ity  —  G ra p h ite  In te rca la tio n  C o m p o u n d s  (G IC s ) a re  an  
in te res tin g  c la s s  o f hybrid  m a te ria ls  w h ich  o ften  h a v e  surpris ing  a n d  un iq u e  c h e m ic a l a n d  p hysica l p ro p e rties . R e c e n t s tu d ies  h a v e  d e m o n s tra te d  a  n e w  te c h n iq u e  fo r fab rica tin g  
trans ition  m e ta l G IC s  using th in  film  d e p o s itio n . In  th e  first e v e r  re a liza tio n  o f a  p u re  trans ition  m e ta l-G IC , th in  film s  o f N i w e re  v a c u u m  d e p o s ited  o n to  c rys ta llin e  S iC  s u b stra tes  
a n d  a n n e a le d  to  h igh te m p e ra tu re s . A fte r  a n n e a lin g , th e  a p p e a ra n c e  o f sm all is lands , o b s e rv e d  by sca n n in g  tunn elling  m icro sco p y  (S T M ) ,  sca n n in g  e le c tro n  m icro sco p y  (S E M ),  
A u g e r  e le c tro n  s p ec tro s co p y  (A E S ) a n d  a to m ic  fo rc e  m icro sco p y  (A F M ), w e re  sh o w n  to  b e  c o m p o s e d  o f N i a to m s  in te rc a la te d  into a  g ra p h ite  m a trix . T h e  n a n o s iz e d  N i-G IC  
is la n d s  o b s e rv e d  in th e  initial s tu d ies  w e re  sm all an d  d is p e rs e d  w h ich  on ly  a llo w e d  fo r  c h a ra c te r iz a tio n  a t th e  a to m ic  lev e l. C u rre n t in ve s tig a tio n s  h a v e  e x te n d e d  o u r u n d e rs ta n d ­
ing o f th e  N i-G IC  grow th  p ro c es s  so  th a t is lands  o f  in cre a se d  s iz e  a nd  d e n s ity  h a v e  b e en  re a liz e d , a llow ing  us to  p ro b e  th e  c rysta l s tru c tu re  o f th e s e  un iq u e  m a te r ia ls  using  x -ray  
d iffrac tion . In m y  ta lk , a  re v ie w  o f th e  g ro w th  a nd  c h a ra c te r iz a tio n  o f th e  fist re p o rte d  p u re  N i-G IC  s tru c tu res  w ill be  g ive n . A d d itiona lly , n e w  fin d in g s  resu lting  fro m  c u rren t x -ra y  
d iffraction  s tu d ies , an d  d iscussion  o f th e  N i-G IC  grow th  m e c h a n is m  w ill be  p re s e n te d .

1 5 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé

W E -P 4 -3  1 5 h 3 0

O rd e re d  C o 3W T P .M . B r o n s v e ld ,  W .A . S o e r, P .A . C a rv a lh o  a n d  J .T h . M . D e  H o s s o n , U n ive rs ity  o f  G ron inge n -N L  —  C o 3W  is fo rm e d  in a  peritec to id  re ac tio n  b e lo w  1 0 9 3 °C  
fro m  th e  e u te c tic  p h a s e s  a -C o  an d  C o 7W 6 so lid ified  a t 1 4 7 1 °C . D uring  th e  tra n s fo rm atio n  tw o  c lo s e ly  re la te d  fron ts  a re  o b s e rv e d : an  fc c  > hcp  a n d  an  hcp  > o rd e red  hcp (D O i 9) 
fro n t. S u ch  b e h a v io r  po in ts  to  a  p re lim in a ry  d isp la c iv e  /  d iffu siona l tra n s fo rm atio n  fo llo w ed  by long ra n g e  o rd e rin g . T h e  C o 3W  c an  be  c o n s id e re d  a s  a n  A B .A B  stack ing  o f  2 D  
o rd e re d  (1 1 1 ) p la n e s  m uch th e  s a m e  w a y  a s  N i3A l c an  be  c o n s id e red  a s  an  A B C .A B C  stack ing  o f 2 D  o rd e red  (1 1 1 ) p la n e s . P u re  c o b a lt exh ib its  a  po lym o rp h  fc c  > hcp  tra n s fo r­
m a tio n  a t 4 2 2 ° C , m e a n in g  th a t a t th is  te m p e ra tu re  th e  s tack ing  fa u lt e n e rg y  is z e ro . T h e re fo re , it is not su rpris ing  th a t loca l A B .C B  a nd  A B .C A  s tack ing  do  o c c u r w ith  s m all e x c e s s  
ord e rin g  e n e rg ie s  o f D Ab c  a n d  2 D Ab c , re sp e ctive ly . W ith  H R T E m  it w a s  possib le  to  p rove  th a t in tho ro u g h ly  a n n e a le d  s a m p le  m a teria l on ly  th e  loca l a B .C B  stack ing  s e q u e n c e  
re m a in s . A tte m p ts  to  im a g e  th e s e  s tack ing  fa u lts  in a  V G 1 0 0  F IM /A to m p ro b e  w e re  not y e t s u cc e ss fu l but T im e -o f-F lig h t M a s s  s p e c tra  w e re  re co rd e d  th a t s h o w ed  a  w id e  v arie ty  
o f tu n g ste n  n itride  ions. M o s t o f th e  tu n g ste n  w a s  d e te c te d  in th e  fo rm  o f W N n 2+ ions, w h e re  0 £ n £ 9 . E sp e c ia lly  th e  ions w ith  a n  odd n u m b e r o f N  a to m s  (n) p re va ile d  in th is  ion 
g ro u p . T h is  is a  re m a rk a b le  o b s e rv a tio n , s in c e  a ll o th e r  s tu d ies  o f m e ta l n itrides  report on ly  e v e n  n u m b e rs  o f N  a to m s .
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Brillouin  L ight S c a tte rin g  fro m  O rd e re d  C a rb o n  N a n o tu b e  A rra y s *. A .  P o lo m s k a  1, C .K . Y o u n g  1, G .T. A n d re w s  1, M .J . C lo u te r  1, A . Y in  2 an d  J. X u  2, 1 M e m o ria l U n ive rs ity  
o f  N e w fo u n d la n d  an d  2 B row n U n ivers ity  —  Brillouin  light s ca tte rin g  s p ec tro s co p y  w a s  u sed  to  s tudy o rd e re d  carb o n  n a n o tu b e  a rra y s  e x p o s e d  to  v a c u u m  an d  v a r io u s  g a s e o u s  
e n v iro n m e n ts  ( ^ ,  a ir, A r, an d  S F 6). T h e  a rra y s  w e re  fa b ric a te d  on a lu m in a  s u b s tra te s  an d  la s e r -a n n e a le d  w ith  an  A r+  la s e r  a t a  p o w e r o f 4  W  fo r 5  m in u te s . T h e  e x p o s e d  length  
o f th e  n a n o tu b e s  w a s  2 0 0 -3 0 0  nm . A t lea s t fo u r Brillouin  p e a k s , a t fre q u e n c y  shifts  o f a p p ro x im a te ly  0 .7  G H z , 1 .5  G H z , 7  G H z  a nd  3 2  G H z , w e re  o b s e rv e d  in th e  s p e c tra  fo r fre e  
s p ec tra l ra n g e s  up  to  5 0  G H z ; th e s e  shifts  w e re  fo u n d  to  b e  in d e p e n d e n t o f th e  a n g le  o f in c id e n c e . T h e  in tensity  o f th e  p e a k  lo ca te d  a t 0 .7 5  G H z  d e p e n d e d  s trongly  on th e  e n v i­
ro n m e n t to  w h ich  th e  s a m p le  w a s  e x p o s e d  a n d  w a s  not e v id e n t in s p e c tra  c o lle c ted  w h e n  th e  s a m p le  w a s  in v a c u u m , but w a s  o b s e rv e d  in th e  p re s e n c e  o f ^ ,  a ir, Ar, a n d  S F 6 at 
a b o u t 1 a tm  o f p re s s u re . T h e  ra tio  o f th e  m a x im u m  in tensity  o f th e  7  G H z  m o d e  to  th a t o f th e  3 2  G H z  m o d e  w a s  fo u n d  to  d e c re a s e  w ith  in cre a s in g  a n g le  o f  in c id e n c e .

* This work is being supported by NSERC and CFI.
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P la s m a -A s s is te d  D e p o s itio n  o f A d v a n c e d  C a rb o n -B a s e d  C o a tin g s *· A n d r a n ik  S a r k is s ia n  1, Q . Y a n g  2, C . C ô té  1, A . H iro s e  2, A . S in g h  2, C . X ia o  2, 1 P la sm io n iq u e  Inc., 
a n d  2 U n iv ers ity  o f S a s k a tc h e w a n  —  C a rb o n  a to m s  a re  th e  bu ild ing  b locks  fo r  a  v arie ty  o f  im p o rtan t c la s s  o f a d v a n c e d  m a te ria ls  w ith  n u m e ro u s  d e m o n s tra te d  an d  po ten tia l 
a p p lic a tio n s  in s e v e ra l te c h n o lo g ic a l a re a s . C a rb o n  n a n o tu b e s , n a n o w a lls  o r n a n o fla k e s , d ia m o n d  film s  an d  d ia m o n d -lik e  c arb o n  c o a tin g s  a re  s o m e  o f th e  m o s t im p o rtan t e x a m ­
p les  o f a d v a n c e d , c a rb o n -b a s e d  m a te ria ls  an d  co a tin g s . V a r io u s  m a teria l s yn th es is  an d  de p o s itio n  te c h n iq u e s  h a v e  b e e n  u sed  to  p ro d u c e  th e m . H o w e v e r, p la s m a  a ss is ted  te c h ­
n iq u e s  o ffe r s e v e ra l a d v a n ta g e s  d u e  to  th e ir  versatility . T h e s e  c o a tin g s  c o v e r a  la rg e  s p e c tru m  o f physica l, c h e m ic a l, e le c trica l a nd  op tica l c h ara c te ris tics , w h ich  a re  d e te rm in e d  
by th e  bonding  s truc tu re  o f C  -  C  a nd  C  -  I, w h e re  I re p re s e n t o th e r  a to m s  in troduced  into th e  film  s truc tu re  to  e n g in e e r  th e  film  p ro p e rties , o r re p re s e n t im purities . In th is  p re s e n ­
ta tio n , w e  sh a ll d isc u s s  th e  d e p o s ited  film  p ro p e rties , c h a ra c te r iz e d  by using  s e v e ra l te c h n iq u e s , an d  th e  in flu e n ce  o f  o p e ra tio n  p a ra m e te rs  o f p la s m a  a ss is ted  de p o sitio n  s y s te m s  
on  th o s e  p ro p e rties .

* This work is being supported by Plasmionique Inc. and NSERC.
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C o in c id e n t F irst -  A nd  S e c o n d  -  O rd e r  M a g n e tic  T ra n s itio n s  In S in g le  C ry s ta l L a Q 73C a Q 27M n O 3· W e i L i1, H .P . K unke l 1, X .Z .  Z h o u  1, G w y n  W illia m s  1, Y . M u k o v sk ii 2 a n d  D . 
S h u ly a te v  2; 1 U n ive rs ity  o f  M a n ito b a  a n d  2 M o s c o w  S ta te  S te e l a n d  A llo ys  Institu te , R u s s ia  —  D e ta ile d  m e a s u re m e n ts  o f th e  fie ld  an d  te m p e ra tu re  d e p e n d e n t m a g n e tiza tio n  
a n d  a c  suscep tib ility  o f s in g le  c rys ta l L C M O  re v e a l fe a tu re s  a s s o c ia te d  w ith  both firs t- a n d  s e c o n d -o rd e r m a g n e tic  p h a s e  tra n s itio n s . S pec ifica lly , m a g n e tic  iso th erm s  n e a r  2 4 0 K  
e xh ib it a  m e ta m a g n e tic  s tru c tu re  g e n e ra lly  linked  w ith  a  first -  o rd e r tran s itio n , w h ile  th e  a c  suscep tib ility  exh ib its  a  s e r ie s  o f m a x im a  th a t m o v e  u p w a rd  in te m p e ra tu re  and  
d e c re a s e  in a m p litu d e  a s  th e  a p p lie d  fie ld  is in c re a s e d . T h e  la tte r a re  c o n s is te n t w ith  p red ic tio n s  aris ing  fro m  th e  s ta tic  sca ling  la w  fo r co n tin u o u s  tra n s itio n s , a s  w ell a s  n u m erica l 
c a lc u la tio n s  fo r both H e is e n b e rg  a n d  m e a n  -  fie ld  (Is in g ) m o d e ls . W ith in  e x p e rim e n ta l u n certa in ty  th e s e  fe a tu re s  a re  c o in c id e n t in th e  (H  -  T )  p lan e .

1 6 h 3 0 S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P5]

(D N P/D P N  )

R a d i o a c t i v e  B e a m / H e a v y  I o n  P h y s i c s  /

Physique des faisceaux radioactifs/d’ions lourds
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
14h15 - 17h00

[  R o o m /S a l le  :  B a llr o o m  C  ] C h a ir :  C. S v e n n s o n , U. o f  G u e lp h
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A L F R E D O  G A L IN D O -U R IB A R R I,  O a k  R id g e  N a tio n a l L a b o ra to ry *

N u c le a r  S p e c tro s c o p y  w ith  R a d io a c tive  Io n  B e a m s : L a te s t R e su lts  fro m  H R IB F

A t th e  H o lifie ld  R a d io a c tiv e  Ion  B e a m  F acility  m o re  th a n  1 2 0  b e a m s  o f  p-rich an d  n-rich  ra d io a c tive  ions w ith  a  w id e  ra n g e  o f in ten sities , purities  a nd  e n e rg ie s  a re  n o w  a v a ila b le  to  
c arry  out p io n eerin g  s tu d ies  o f th e  s tudy o f re ac tio n s  o f fa r-fro m -s tab ility  n uc lei. T h e s e  ra d io a c tive  ion b e a m s  p rov id e  a  u n iq u e  o pportun ity  fo r a  w h o le  c la s s  o f m e a s u re m e n ts  
th a t could n e v e r b e fo re  be  a p p lie d . A  re c e n t h igh light h a s  b e e n  th e  a c c e le ra tio n  o f “p u re ” b e a m s  o f fission  fra g m e n ts  such  a s  8 2 G e  (T 1 /2 = 4 .6 s )  a n d  1 3 2 S n  (T 1 /2 = 4 0 s ) .  T h e s e  
s e m i-m a g ic  a n d  d o u b ly -m a g ic  n uc le i a re  im p o rtan t b e n ch  m a rk s  w ith in  th e  c h art o f n u c lides , b e c a u s e  th e y  a re  co n stra in ts  fo r th e  s h e ll-m o d e l p a ra m e te r  s ets . W e  h a v e  d e v e lo p  
s p e c ia liz e d  e x p e rim e n ta l to o ls  a n d  te c h n iq u e s  fo r s tu d ies  in n u c le a r  a s tro p h ys ics , reac tion  spec tro s co p y , an d  n u c le a r  s truc tu re  re s e a rc h  w ith  ra d io a c tive  ion b e a m s . W e  w ill d is ­
c u ss  s o m e  o f  th e  c h a lle n g e s  e n c o u n te re d  in re c e n t e x p e rim e n ts  in fu s io n , b re a k u p , C o u lo m b -e x c ita tio n , tra n s fe r, re s o n a n c e  sca tte rin g  a n d  m a s s  m e a s u re m e n ts  w ith  ra d io a c tive  
ion b e a m s .

* Managed by UT-Battelle, LLC, for the U.S. Department of Energy under contract DE-AC05-00OR22725 
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G R E G  H A C K M A N , fo r th e  T IG R E S S  c o lla b o ra tio n , TR IU M F  

T R IU M F -IS A C  G a m m a -R a y  E sca p e  S u p p re sse d  S p e c tro m e te r (T IG R E S S ),
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Résumés des sessions orales

R e a c tio n s  w ith  h ig h -e n e rg y  ra d io a c tive  b e a m s  fro m  IS A C -II  a t T R IU M F  p o p u la te  e xc ite d  s ta te s  th a t s u b s e q u e n tly  d e c a y  by c a s c a d e s  o f  g a m m a  rays  th a t a re  b ro a d e n e d  by up to  
1 0 %  d u e  to  th e  D o p p le r  shift o f th e  recoil. T h e  e n e rg ie s , sp in s  an d  p a rities , popu la tion  a n d  d e c a y  y ie ld s  o f th e s e  e xc ite d  s ta te s  p ro b e  m e so s co p ic  n u c le a r  m atte r. In exo tic  
nu c le i, b re ak d o w n  o f sh e ll s tru c tu re , e m e rg e n c e  o f n e w  “m a g ic ” n u m b e rs , an d  fo rm a tio n  o f n e u tro n -p ro to n  p a ir c o n d e n s a te s  a re  a ll p re d ic te d  m o d e s  o f  n u c le a r  b e h a v io u r th a t can  
b e  p robed  w ith  IS A C -II  b e a m s  an d  an  a p p ro p ria te  g a m m a -ra y  d e te c to r. T h e  T R IU M F - IS A C  G a m m a -R a y  E s c a p e  S u p p re s s e d  S p e c tro m e te r  (T IG R E S S )  c o m b in e s  e s c a p e -s u p ­
p re s s e d  m u lti-c rys ta l h igh -pu rity  g e rm a n iu m  ( H P G e )  d e te c to rs  w ith  h igh o u te r-c o n ta c t e le c trica l s eg m e n ta tio n  an d  d ig ita l s ig n a l p ro c es s in g  to  m e a s u re  g a m m a  ray  production  in 
IS A C -II  e x p e rim e n ts . In itial te s ts  s h o w  th a t a  p ro to typ e  H P G e  unit is c a p a b le  o f < 2  m m  la te ra l position reso lu tion  fo r s in g le  in te rac tio n s , w e ll w ith in  th e  lim its  n e e d e d  fo r  IS A C -II 
e x p e rim e n ts . F o llow ing  a  te c h n ic a l re v ie w  o f th e  p ro to typ e  d e te c to r, th e  N a tu ra l S c ie n c e  a n d  E n g in e e rin g  R e s e a rc h  C o u n c il (N S E R C )  re le a s e d  fu n d s  to  beg in  construction  o f  a  
1 2 -d e te c to r  a rra y  to  b e  c o m p le te d  in 2 0 0 9 . P h ys ics  o p p o rtu n ities  w ith  T IG R E S S , d e s ig n  c o n s id e ra tio n s , te c h n ic a l d e v e lo p m e n ts , tim e lin e s  a n d  m ile s to n e s  w ill be  d isc u s se d .

W E -P 5 -3  1 5 h 1 5

C O R IN A  A N D R E O IU ,  U n ivers ity  o f G u e lp h

D o o rw a y  S ta tes  in th e  G am m a D e c a y -O u t o f  the  Y ra s t S u p e r D e fo rm e d  B a n d  in  59C u

N u c le i w ith  a to m ic  m a s s  n u m b e r a ro u n d  6 0  a re  a m o n g  th e  fa s te s t rotating nuclei know n  in N a tu re . T h e y  c an  spin  w ith  a n  a n g u la r  v e lo c ity  o f a b o u t 1 .5 -2 .0  M e V . A t th e s e  ro ta tio n ­
a l fre q u e n c ie s , h igh ly - o r s u p e r-d e fo rm e d  s h a p e s  a re  fa v o re d  o v e r  th e  norm a lly  d e fo rm e d  s h a p e s . F o r th e  s u p e rd e fo rm e d  s ta te s  to  be  p u re  th e y  n e e d  to  b e  s h ie ld e d  fro m  th e  
norm a lly  d e fo rm e d  s ta tes  by an  e n e rg y  b a rr ie r  in th e  d e fo rm a tio n  c o o rd in a te s . T h e s e  s ta te s  p re fe r to  d e c a y  by em itting  g a m m a -ra y  rad ia tio n  to  th e  norm a lly  d e fo rm e d  s ta te s  in 
th e  s a m e  n u c leu s , o r by fa s t (p ro m p t) p artic le  d e c a y s  in s p h eric a l s ta te s  o f th e  co rres p o n d in g  d a u g h te r  n u c leu s . T h e  s h a p e  c h a n g e  occurring  in th e  d e c a y -o u t im p lies  a  s u b s ta n ­
tia l re a rra n g e m e n t o f n u c leo n ic  s ta tes . E sp e c ia lly  th e  n u c leo n ic  s ta te s  fro m  h ig h e r she lls , w h ich  a re  oc cu p ie d  in th e  s u p e r d e fo rm e d  b a n d s , n e e d  to  be  v a c a te d . T h is  p ro c es s  is 
fa c ilita te d  by v ib ra tio n a l couplin g  th ro u g h  th e  b a rr ie r  b e tw e e n  th e  s u p e r d e fo rm e d  s ta te  an d  d o o rw a y  s ta tes , w h ich  in turn  ty p ica lly  a re  c o u p led  to  a  v ery  la rg e  n u m b e r o f norm ally  
s ta te s . T h e  d e c a y -o u t p ro c es s  o f th e  y ra s t s u p e r d e fo rm e d  ba n d  in 59C u  h a s  b e e n  recen tly  in ve s tig a ted  a n d  c o m p a re d  w ith  d e c a y -o u t m e c h a n is m s  in h e a v ie r  n uc lei. T h e  firm  
d e te rm in a tio n  o f s p in , parity, exc ita tio n  e n erg y , a n d  con fig u ra tio n  o f th e  s ta te s  invo lved  in th is  p ro c es s  c o n stitu tes  a  un iq u e  s ituatio n  fo r a  d e ta ile d  u n d e rs tan d in g  o f th e  d e c a y -o u t  
m e c h a n is m . D o o rw a y  s ta te s  invo lved  in th is  m e c h a n is m  h a v e  b e en  o b s e rv e d  a n d  a re  c la s s ifie d  fo r th e  first tim e .

W E -P 5 -4  1 5 h 4 5

L U C  B E A U L IE U , U n iv e rs ité  L ava l

T h e  D yn a m ics  O f N e c k  F o rm a tio n  A n d  Its  Is o sp in  D e p e n d e n ce

M id -p e rip h e ra l h e av y -io n  re ac tio n s  e x p lo re  a  w h o le  ra n g e  o f reac tion  fe a tu re s  w ith  in creas in g  b e a m  e n erg y , go ing  fro m  d e e p  in e la stic  sca tte rin g  to  fire b a ll fo rm a tio n . T h e  in terp lay  
b e tw e e n  m e a n  fie ld  in te rac tion  a n d  p a rtic le -p a rtic le  co llis ions le a d s  to  in te res ting  p h e n o m e n a  in in te rm e d ia te  e n e rg y  re ac tio n s  (2 0 -1 0 0  A  M e V ) .  O f  th e s e , th e  d e fo rm a tio n  o f  th e  
re ac tio n  p a rtn e rs  lea d in g  to  th e  fo rm a tio n  o f a  n e ck  is o f in te res t. D u rin g  th e  past fe w  y e a rs , o u r g ro u p  h a s  b e e n  a b le  to  c h a ra c te r iz e  a  d e fo rm a tio n  s c e n a rio , w h e re  th e  la rg e r o f 
th e  tw o  collid ing n uc le i is m o re  a ffe c te d  by d e fo rm a tio n  th a n  th e  s m a lle r  o n e . U n d e r  th e s e  cond itions , d e la y e d -a lig n e d  pa rtic le s  p ro ductions  o c c u r in th e  n e ck  reg ion , possib ly  
e a rly  on  in th e  collis ion history. T h is  w o u ld  point to  a  d y n a m ic a l, ra th e r th a n  s ta tis tica l, p roduction  m o d e . F u rth e rm o re , w e  a re  a b le  to  s h o w  th a t th e  n e ck  reg ion  is neu tron  rich, 
c o m p a re d  to  th e  p ro jec tile  an d  ta rg e t, an d  th a t th e  rich n e s s  could b e  d e p e n d e n t on  th e  neu tro n  to  p roton  c o n te n t o f th e  re ac tio n  pa rtn e rs .
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H igh  P rec is io n  B e ta  D e c a y  M e a s u re m e n ts  o f 26N a  a t IS A C , G .F. G r in y e r ,  U n ive rs ity  o f  G ue lph  - H igh  p rec is ion  m e a s u re m e n ts  o f th e  ha lf-life  a nd  b e ta  b ranch ing  ra tios  fro m  th e  
b e ta -m in u s  d e c a y  o f 26N a  to  26M g  h a v e  b e en  d e d u c e d  a s  part o f a  b ro a d  e x p e rim e n ta l p ro g ra m  tak in g  p lac e  a t T R IU M F ’s  IS A C  fac ility  in V a n c o u v e r. R a d io a c tiv e  b e a m s  o f 26N a  
p ro d u c ed  fro m  th e  IS A C  s u rfa c e  ion s o u rce  w e re  u sed  in c o n junctio n  w ith  a  4 B  g a s  p ro portiona l c o u n te r  a n d  th e  8B g a m m a -ra y  s p e c tro m e te r. In th is  ta lk , I w ill p re se n t a  re ce n t 
d e te rm in a tio n  o f th e  ha lf-life  o f 26N a  d e d u c e d  fro m  th e  b e ta  activ ity , in add ition  to  th e  b e ta  b ra n ch in g  ratio  m e a s u re m e n ts  fro m  th e  g a m m a  activity.

W E -P 5 -6  1 6 h 3 0

S im u la tio n  o f  th e  D R A G O N  R e co il M a s s  S e p a ra to r  using  G E A N T * , A r th u r  O lin ,  P. G u m p in g e r, S . Y e n , a n d  th e  D R A G O N  C o llab o ra tio n , T R IU M F  —  S im u la tio n s  o f ra d ia tiv e  
c a p tu re  m e a s u re m e n ts  using th e  D R A G O N  s p e c tro m e te r  h a v e  b e e n  u n d e rta k e n  using G E A N T 3 . T h e  s tarting  po in t o f th e  s im u la tio n  is th e  ion b e a m  fro m  th e  a c c e le ra to r  an d  th e  
sim u la tio n  tra c k s  th ro u g h  th e  g a s  ta rg e t an d  s p e c tro m e te r  th ro u g h  to  th e  en d  d e te c to rs . W ith in  th is  fra m e w o rk  it is pos sib le  to  a d d  p hysics  p ro c e s s e s  th a t w o u ld  b e  d ifficult to  s im ­
u la te  in b e a m  tra n s p o rt c o d e s  an d  to  s tudy c o rre la te d  re s p o n s e s  o f th e  g a m m a  a n d  reco il p roduct d e te c to rs . To a cc o m p lis h  th is  it w a s  n e c e s s a ry  to  a d d  to  G E A N T  th e  ab ility  to  
tra c k  h e a v y  ions th roug h  e le c tric  an d  m a g n e tic  fie ld s , sp ec ifica tio n  o f th e  s p e c tro m e te r  by a  b e a m  op tics  file  b a se d  on th e  M IT -R A Y T R A C E  s ta n d a rd , a n d  a  fle x ib le  e v e n t g e n e ra ­
to r  to  p ro d u c e  th e  ra d ia tiv e  c a p tu re  p ro c es s . T h e  d e c a y  s c h e m e  a n d  a n g u la r  d istribution  o f th e  re so n a n t s ta te  is sp ec ified  in a n  input file . T h e  s im u la tio n  is be in g  a p p lie d  to  c a l­
cu la tio n  o f th e  D R A G O N  a c c e p ta n c e  fo r re ac tio n s  w ith  v e ry  la rg e  recoil a n g le s . T h e s e  to o ls  a re  o f  ra th e r g e n e ra l a p p licab ility  fo r s p e c tro m e te r  s im u la tio n s .

*T h is  w o rk  is be in g  su p p o rte d  by N S E R C .
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T a rg e t P ro x im ity  E ffe c t In H e a v y -Io n  C o llis io n s *. R e n e  R o y , (G ro u p e  d e s  ion lourds  -  d y n a m iq u e  d e s  ré ac tio n s ), U n ive rs ité  L a v a l —  H e a v y  ion co llis io ns  in th e  F e rm i e n erg y  
d o m a in  a re  know n  to  b e  d o m in a te d  by d e e p  in e la stic  s c a tte r in g ,a  p ro c es s  lea d in g  to  th e  fo rm a tio n  o f  tw o  p a rtn e rs  in th e  reac tion  e x it c h a n n e l. T h e ir  iden tity  (c h a rg e , m a s s , v e lo c ­
ity) is c lo s e ly  re la te d  to  th a t o f th e  p ro jec tile  a n d  th e  ta rg e t, an d  th e y  a re  th e  s o -c a lle d  q u a s i-p ro je c tile  (Q P ) an d  q u a s i-ta rg e t (Q T ) fra g m e n ts . In th a t p ro c es s , th e  initial k inetic  
e n e rg y  is tra n s fo rm e d  into in te rn a l exc ita tio n  e n e rg y  o f th e  Q P  a n d  Q T , th a t d e c a y  s u b s e q u e n tly  by b inary  fission  a n d /o r  light p artic le  e v a p o ra tio n  a t lo w  exc ita tio n s , a n d  by s e v e ra l 
fra g m e n t e m is s io n  w h e n  th e  m ulti fra g m e n ta tio n  re g im e  is re a c h e d  a t h ig h e r e xc ita tio n s . H o w e v e r, th e  p re s e n c e  o f  an  e x c e s s  o f light fra g m e n ts  a t m id -rap id ity  c an n o t be  
e x p la in e d  by th e  s ta n d ard  d e c a y  o f th e  Q P  a n d  Q T . To u n d e rs tan d  th e  m e c h a n is m s  produc ing  such  an  e x c e s s , th is  w o rk  s tu d ies  m o re  p rec ise ly  th e  b re a k u p  in tw o  fra g m e n ts  o f 
th e  Q P  fo rm e d  in N i+ C , M g , A u  a t 3 4 .5  M e V /n u c le o n  a nd  N i+ Z n  a t 4 0  M e V /n u c le o n . T h e  fra g m e n t a n g u la r  d is trib u tions  exh ib it a n  an is o tro p ic  pa tte rn  sh o w in g  th a t b re a k u p  is 
a lig n e d  w ith  th e  d irec tion  o f s c a tte re d  q u a s i-p ro je c tile  (Q P ). T h e  corre la tio n  fu n c tio n s  o f th e  tw o  h e a v ie s t fra g m e n ts  h a v e  b e en  s tu d ied  a s  a  func tion  o f  c h a rg e  a sy m m etry . T h e y  
s u g g e s t th a t th e  Q P  d e c a y s  w h ile  still in c lo s e  p rox im ity  o f th e  ta rg e t. T h e  corre la tio n  b e tw e e n  th e  c h a rg e  a n d  v e loc ity  o f th e  tw o  h e a v y  fra g m e n ts  s h o w s  th a t th e  b inary  b re ak u p  
o f th e  Q P  m ight o rig in a te  fro m  an  im p o rtan t d e fo rm a tio n  o f th e  p ro jec tile  by th e  ta rg e t, an d  th a t th e  lig h te r o f th e  collid ing p a rtn e rs  a ls o  c o n trib u te s  to  th e  a lig n e d  e m is s io n  pa tte rn .

*T h is  w o rk  is be in g  su p p o rte d  by C R S N G .

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P6]

(DIMP-CASCA/ 
D P IM -C AS C A  )

Imaging in the Stars and on Earth / 
Imagerie dans les étoiles et sur terre

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

14h15 - 16h30

[ R o o m /S a l le  : B a llr o o m  A  ] C h a ir :  J . R ic e , B ra n d o n  U.
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D u s ty  C o rn e rs  o f  th e  U n iv e rs e * , D o u g la s  S c o t t ,  U n ive rs ity  o f  B ritish  C o lum b ia  —  T h e  s u b -m illim e tre  part o f  th e  e le c tro m a g n e tic  s p e c tru m  h a s  b e en  o p e n in g  a s  a  n e w  w in d o w  
on  th e  high redsh ift U n iv e rs e . F o r s e v e ra l y e a rs  th e  fo re m o s t in s tru m en t h a s  b e e n  S C U B A  a t th e  J a m e s  C le rk  M a x w e ll T e le s c o p e . E xtrac tin g  th e  m ost fro m  S C U B A  d a ta  invo lves  
c are fu l d a ta  reduction  in o rd e r to  m a k e  im a g e s  w h ich  a re  fre e  o f th e  d o m in a n t e ffe c ts  o f th e  a tm o s p h e re . I w ill briefly  d e s c rib e  s o m e  o f  th e s e  te c h n iq u e s , but fo c u s  large ly  on th e  
exc iting  s cien tific  resu lts  w h ich  h a v e  b e e n  com ing  fro m  d e e p  S C U B A  in te g ra tio n s  o f “b lan k  sky”. T h e s e  o b s erv a tio n s  h a v e  re v e a le d  m o re  th a n  3 0 0  s o u rce s , re p res en tin g  a  p o p u -
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lation  o f d u s t-e n s h ro u d e d  s ta rb ursting  g a la x ie s . I w ill s h o w  s o m e  e x a m p le s  o f th e  p ro g re ss  w e  h a v e  b e en  m a k in g  to w a rd s  iden tify ing  th e s e  ob je c ts  using m u ltiw a v e le n g th s  c a m ­
p a ig n s . I w ill fo c u s  on th e  reg ion  o f th e  H u b b le  D e e p  F ie ld  north , an d  a ls o  s h o w  h o w  g ra v ita tio n a l lens ing  th ro u g h  rich c lu s te rs  o f g a la x ie s  c an  a c t a s  a  n a tu ra l te le s c o p e .
Id en tified  S C U B A  s o u rc e s  a re  ty p ica lly  redsh ift 2 .5  u ltra -lu m in o u s  in fra -re d  g a la x ie s , w h ich  o ften  s h o w  up in ra d io  c o n tin u u m , s o m e tim e s  in th e  X -ra y , a n d  o c ca s io n a lly  a s  v e ry  red  
op tica l g a la x ie s . C irc u m sta n tia l e v id e n c e  s u g g e s ts  th a t th e y  re p re s e n t a  pop u la tio n  o f p ro to -e llip tic a ls , w h ich  w e re  fo rm in g  a  la rg e  fraction  o f a ll th e  s ta rs  a t th o s e  e p o c h s . T h e  
b ig g e st u n re so lv ed  q u e s tio n  is: w h a t a re  th e  c urren tly  u n iden tified  s u b -m m  s o u rc e s ?  R e la te d  q u e s tio n s  in c lu d e : w h a t is th e  c o sm ic  s ta r fo rm a tio n  h is to ry? ; an d  w h a t sorts  o f  
g a la x ie s  m a k e  up  th e  c o sm ic  fa r-in fra re d  b a c k g ro u n d . I w ill in d ica te  h o w  such q u e s tio n s  m a y  b e  a n s w e re d  w ith  c u rren t an d  fu tu re  s u b -m m  su rve ys .

* This work is being supported by NSERC.
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S T E V E N  M . S H E P A R D , T h e rm a l W a v e  Im a g in g  Inc.

P u ls e d  T he rm o g ra p h y : P e rsp e c tive s  on  th e  E vo lu tio n  fro m  Q ua lita tive  to  Q uan tita tive  A p p lica tio n

S in c e  in fra red  c a m e ra s  w e re  first o ffe re d  c o m m erc ia lly  in th e  1 9 6 0 ’s, th e  po te n tia l o f th e rm o g ra p h y  a s  a  too l fo r N D E  h a s  b e e n  w id e ly  re c o g n iz e d  an d  in v e s tig a te d . M o tiv a te d  by  
th e  p ro s p ec t o f a  s a fe , w id e -a re a , n o n -co n tac t insp ec tion  te c h n o lo g y  c a p a b le  o f im ag in g  s u b s u rfa c e  d e fe c ts , re s e a rc h e rs  a n d  p ra ctitio n ers  in th e  fie ld  q u ick ly  d e te rm in e d  th a t m o n ­
itoring th e  s u rfa c e  te m p e ra tu re  re s p o n s e  o f a  s a m p le  to  a  th e rm a l im p u lse  w a s  n e c e s s a ry  to  a c h ie v e  a  u sefu l d e g re e  o f s ens itiv ity  an d  rep ea ta b ility . A lth o u g h  m a n y  s tim u la tion  
m e th o d s  h a v e  b e e n  succ e ss fu lly  im p le m e n te d , p u lsed  th e rm o g ra p h y , using op tica l fla s h la m p  e xc ita tio n , h a s  g ra d u a lly  e v o lv e d  a s  th e  m ost w id e ly  u sed  con fig u ra tio n  fo r  m a n u fa c ­
tu ring  a n d  m a in te n a n c e  a p p lic a tio n s  in th e  a e ro s p a c e  a n d  p o w e r g e n e ra tio n  industries . H o w e v e r, in m ost in s tan c e s  pu lsed  th e rm o g ra p h y  h a s  on ly  b e e n  u sed  a s  a  q u a lita tive  
a d ju n ct to  q u a n tita tiv e  insp ec tion  te c h n o lo g ie s , s uch  a s  u ltra so u n d . F o r m a n y  y e a rs , q u a n tita tiv e  in te rp reta tio n  o f pu lsed  th e rm o g ra p h ic  d a ta  w a s  b a se d  on a n a y ly s is  o f  im ag e  
c o n tra s t, w h ich  re qu ired  a  d e g re e  o f  ca lib ra tio n , p re p ara tio n  an d  in sp ec to r in v o lv e m e n t th a t is ra re ly  fe a s ib le  in a n  industria l settin g . R e c e n tly , n e w  a p p ro a c h e s  to  p rocess ing  and  
in te rp reting  p u lsed  th e rm o g ra p h ic  d a ta  th a t do  not rely on im a g e  co n tra st o r v is u a l a n a ly s is  h a v e  b e e n  d e v e lo p e d . In th e s e  a p p ro a c h e s , th e  e n tire  po s t-s tim u latio n  tim e  evo lu tion  
o f e a c h  p ixe l.is  a n a ly z e d  a s  a  s e p a ra te  entity , e n ab lin g  sensitivity , reso lu tion  an d  m e a s u re m e n t a c c u ra c y  fa r  b e yo n d  c o n ve n tio n a l im a g e  p ro c es s in g  an d  p rev ious ly  a c c e p te d  “ru le - 
o f-th u m b ” lim its fo r th e rm o g ra p h y . T h e  a d v e n t o f th e s e  n e w  m e th o d s , a s  w e ll a s  c o m p le m e n ta ry  h a rd w a re  d e v e lo p m e n ts , h a s  led to  a nd  e x p a n s io n  o f th e  fie ld  be yo n d  N D E  and  
into m a te r ia ls  c h a ra c te r iz a tio n . T h e  evo lu tion  o f pu lsed  th e rm o g ra p h y , fro m  its c o n tra s t-b a s e d  roots , to  th e  c u rren t s ta te  o f q u a n tita tiv e  a n a ly s is  w ill b e  d isc u s se d  in de ta il, w ith  
e x a m p le s  sp an n in g  a  broad  ra n g e  o f m a te r ia ls  an d  a p p lic a tio n .

1 5 h 0 0  C o f fe e  B r e a k  /  P a u s e  c a fé
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G R E G G  A . W A D E , R o y a l M ilita ry  C o lle g e  

Im a g in g  the  S u rfa c e s  o f  S ta rs

In d irec t (D o p p le r) m ap p in g  te c h n iq u e s  re p re s e n t p o w e rfu l to o ls  fo r m ap p in g  te m p e ra tu re , a b u n d a n c e , a n d  m a g n e tic  fie ld  s tru c tu res  in s te lla r a tm o s p h e re s . In  th is  ta lk  I w ill re v ie w  
th e  b as ic  u n d e rp in n in g s  o f th e  D o p p le r  Im ag in g  m e th o d , d e s c rib e  re ce n t resu lts  re p o rte d  in th e  re fe re e d  lite ra tu re , an d  d isc u s s  p ro s p ec ts  fo r fu tu re  s tu d ies  o f  s te lla r  s u rfa c e  s truc ­
tu re  an d  variab ility .
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J E A N -S T E P H A N E  A N T O N IO W , L a b o ra to ire  d e  T h e rm o p h y s iq u e

(P h o to )T h e rm a l Im a g in g  U s in g  A  M o d if ie d  A to m ic  F o rc e  M ic ro sco p e  (A fm ) C o m b in e d  W ith  P y ro e le c tric  D e te c tio n *

A  v arie ty  o f s ca n n in g  p ro b e  m icro sco p y  te c h n iq u e s  h a v e  b e en  exp lo re d  s in c e  th e  inven tion  o f  th e  s ca n n in g  tu n n e lin g  m icro s c o p e  a n d  o f th e  a to m ic  fo rc e  m icro s c o p e . V a r ia n ts  o f 
th e s e  te c h n iq u e s  inc lude  th e  s ca n n in g  th e rm a l m icro sco p y  (S T h M ) an d  th e  sca n n in g  n e a r-fie ld  op tica l m icro sco p y  (S N O M ) . In th e  fie ld  o f p h o to th e rm a l in ve s tig a tio n s , w e  
a tte m p te d  to  a c h ie v e  s u b -m icro n -im a g in g  reso lu tion  by c o m bin ing  a  lo ca lized  exc ita tio n  p rov id ed  by S N O M  o r S T h M  w ith  a  p y ro e le c tric  (P E ) s e n s o r in a  b a ck-d e te c tio n  c o n fig u ra ­
tion . T h e  P E  s ign al m e a s u re d  w h e n  th e  tip is “in c o n ta c t” w ith  th e  s a m p le  c o n ta in s  s e v e ra l th e rm a l c o m p o n e n ts . T h e  m a in  o n e  is d u e  to  h e a t conduction  fro m  th e  tip  right 
th ro u g h  th e  co n ta ct point. S o , th e  P E  s ig n a l a c c o u n ts  fo r th e  th e rm a l w a v e  p ro p a g atin g  a cro s s  th e  s a m p le , w h ich  c arries  in fo rm ation  on th e  th e rm a l diffusivity. In th e  c a s e  o f 
S N O M , op tica l p ro p e rties  a t th e  s a m p le  s u rfa c e  m ay  c o n trib u te  to  P E  s ig n a l fo rm a tio n  an d  th e  reso lu tion  is lim ited  by th e  s iz e  o f th e  op tica l fib re  a p e rtu re . O u r  a im  w a s  to  m ap  
th e rm a l d iffusiv ity  in th e  c a s e  o f  v ery  thin lay e red  s a m p le s  d e p o s ited  on a  P E  s e n s o r u sed  a s  s u b s tra te . W e  s h o w  th a t s p a tia l in tegratio n  o f th e rm a l e ffe c ts  by th e  P E  s en s o r  
a llo w s  th e  u s e  o f a  s im p le  o n e -d im e n s io n a l g e o m e try  fo r th e  th e o re tic a l a n a ly s is  o f s e v e ra l o p e ra tin g  m o d e s . Im a g e s  o f  P E  s ig n a ls  re v e a l co n tra st z o n e s  d u e  to  v a ria tio n s  o f th e r ­
m a l p ro p e rties , in pa rticu la r o f th e  th e rm a l d iffusiv ity  o f a  tes t s a m p le . T h e  m e th o d  m a y  o p e n  n e w  p e rs p e c tiv e s  fo r th e rm a l in ve s tig a tio n s  o f th in  la y e rs  in b io log ica l o r te c h n o lo g i­
c a l d o m a in s  a t a  m icro sco p ic  s ca le .

* In collaboration with Mihai Chirtoc 1, Franck Lei 1, Nathalie Trannoy 1 and Josef Pelzl 2, 1 Unité de thermique et analyse physique, Reims University, Reims, France and 2 Exp. Phys. III, Solid State 
Spectroscopy, Ruhr-Universitàt, Bochum, Germany.

1 6 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P7] Photonics Devices / WEDNESDAY, JUNE 16

(D O P ) Dispositifs photoniques MERCREDI, 16 JUIN 
14h15 - 15h00

[ R o o m /S a l le  : C a m p a ig n  A  ] C h a ir :  M . C a m p b e ll,  U .W a te rio o
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B ro a d -S p e c tru m  Light E m is s io n  in S ilicon  T u n n e l D io d e s , J a m e s  G . M ih a y c h u k , M .W . D e n h o ff, S .P . M c A lis te r, W .R . M c K in n o n  an d  J. L a p o in te , N a tio n a l R e sea rch  C o unc il 
C anada, In s titu te  fo r  M ic ro s tru c tu ra l S c ie n ce s  —  Light e m is s io n  in c rys ta llin e  s ilicon is not lim ited  to  th e  ind irec t ra d ia tiv e  re c o m b in a tio n  a t th e  b a n d  e d g e  th a t y ie ld s  1 .1 -e V  p h o ­
to n s . H o t-c a rr ie r  lu m in e s c e n c e  c an  p ro d u c e  a  broad  s p e c tru m  th ro u g h  a  c o m b in a tio n  o f d irec t an d  ind irec t in tra b an d  tra n s itio n s . W e  m e a s u re  e le c tro  lu m in e s c e n c e  (E L ) s p ec tra  
in m e ta l- in s u la to r-s e m ic o n d u c to r  (M IS )  tu n n e l d io d e s  w h e n  w e  in ject e le c tro n s  into c rys ta llin e  S i. T h e  M IS  d e v ic e s  h a v e  an  in d iu m -tin -o x id e  tra n s p a re n t e le c tro d e , a  1 .5 -n m  to  4 ­
n m  th ick  tu n n e l barrier, an d  a  p -S i s u b s tra te  w ith  A l b a ck  co n tact. T h e  tu n n e l ba rrie rs  a re  fo rm e d  fro m  S iO 2, A ^ O 3 an d  H fO x N y. F o r d e v ic e s  w ith  an  A l2O 3/S iO 2 ba rrie r, in add ition  
to  spatia lly  un ifo rm  E L  a t th e  band  e d g e , w e  m e a s u re  E L  w ith  a  b ro a d , d e te c to r-lim ite d  s p e c tru m  fro m  0 .7  e V  to  2 .5  e V  (1 7 0 0  n m  to  5 0 0  nm ) th a t is e m itte d  fro m  m ultip le  iso la ted  
s ites . U p  to  h u n d re d s  o f such  s ites , e a c h  less  th a n  1 m m  in s iz e , a p p e a r  in a  m e s a  w ith  ~ 1 0 0 -m m  d ia m e te r  fo llow ing  th e rm a l a n n e a lin g  a n d /o r  h ig h -b ia s  o p e ra tio n . U s ing  e le c tro n  
b e a m  lithography, w e  c an  d e fin e  s im ila r E L  s ites  by fo rm in g  thin tu n n e l re g io n s  in a  ~ 1 8 -n m  th ick  S iO 2 layer.

W E -P 7 -2  1 4 h 3 0

C o m p u ta tio n a l A n a ly s is  o f G ro u p  V e lo c ity  in P erio d ic  M e d ia , L o u is  P o ir ie r1 a nd  A . H a c h é 2, 1U n ive ris ty  o f  C a lg a ry  a nd  2U n iv ers ité  d e  M o n c to n  —  Im a g in e  rece iv ing  a  s ignal 
th ro u g h  a  tra n s m is s io n  line b e fo re  it w a s  s en t. T h e  th e o ry  fo r g ro u p  v e lo c ity  a llo w s  s u p erlu m in a l tu n n e lin g  tim e s  a n d  s o m e  b e lie v e  n e g a tiv e  tu n n e lin g  tim e s  a s  w e ll. W e  shall d is ­
c u ss  e x p e rim e n ta l resu lts  fro m  o u r o w n  w o rk  [1] an d  o th e r p ub lish ed  m a te ria ls  [2] th a t c la im  to  o b s e rv e  both su p erlu m in a l an d  n e g a tiv e  g roup  v e lo c ities  in a  s im p le  c o ax ia l c a b le  
pe rio d ic  s y s te m  driven  in th e  M H z  re g im e . D e ta ile d  c o m p u ta tio n a l a n a ly s is  o f th e  s y s te m  re v e a ls  th a t n e g a tiv e  v e lo c it ie s  a re  not pos sib le  in a n y  s im p le  an d  p ractica l p eriod ic  sys ­
te m . A  s im p le  e rro r  a n a ly s is  w ill s h o w  th a t it is pos sib le  to  obta in  u n c erta in tie s  a s  la rg e  a s  th e  m e a s u re m e n ts  th e m s e lv e s , w h ich  can  lea d  to  s o m e  m is le ad in g  in te rp re ta tio n s  o f 
resu lts .

1. A. Haché and L. Poirier, Phys. Rev. E 65, 036608 (2002)
2. J. N. Munday and W  M. Robertson, App. Phys. Lett. 81, 2127 (2002).
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Fo c u sin g  O f L ight In  A  3 D  In v e rs e  F e rro e le c tric  P h o to n ic  C ry s ta l* . S u x ia  Y a n g , S . Y a n g , N . M a ts u u ra , P. S u n , H .E . R u d a , U n ive rs ity  o f  Toronto  —  W e  p re s e n t a  th e o re tica l 
study  o f light focus in g  p h e n o m e n a  in a  pa ss  ba n d  a b o v e  th e  first s top  band  in a  3 D  in ve rs e  fe rro e le c tr ic  p h o ton ic  c rysta l, fa b r ic a te d  using a  s e lf-a s s e m b ly  m e th o d  fo llo w ed  by infil­
tra tion  a n d  re m o va l o f th e  initial P h C  te m p la te s . W a v e  p ro p a g atio n  w a s  fo u n d  to  d e p e n d  d ra m a tic a lly  on both fre q u e n c y  a n d  inciden t d irec tio n . T h is  p ro p a g atio n  a n iso trop y  lea d s  
to  v ery  la rg e  n e g a tiv e  re frac tion , w h ich  can  be  u sed  to  fo c u s  a  d iverg in g  light b e a m  into a  n a rro w  fo c a l spo t w ith  a  la rg e  fo c a l d e p th .

* This work is being supported by NSERC.

1 5 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P8] I n d u s t r i a l  a n d  A p p l i e d  P h y s i c s  G e n e r a l  S e s s i o n  /

(DiAP/dpm ) Session générale sur la physique industrielle et appliquée
WEDNESDAY, JUNE 16 

MERCREDI, 16 JUIN 
14h15 - 16h45

[ R o o m /S a l le  : B a llr o o m  B  ] C h a ir :  G. B e e r, U. V ic to r ia
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J E R R Y  J . B A T T IS T A , L ondon  R e g io n a l C a n c e r  C e n tre , U n ivers ity  o f W e s te rn  O n ta rio

O n-L ine  C T  Im a g in g  fo r  P re c is io n  R a d io th e ra p y *

R a d ia tio n  o n c o lo g y  h a s  s te ad ily  e vo lv ed  o v e r  th e  las t century. F ro m  its b e g in n in g s  w ith  k ilo v o lta g e  x a n d  γ-ra y s  (1 9 0 0 ’s ) to  m e g a v o lta g e  c o b a lt rad ia tio n  (d e v e lo p e d  in C a n a d a  in 
th e  1 9 5 0 ’s ), lin e a r  a c c e le ra to rs  (1 9 6 0 ’s ) a re  n o w  u sed  rou tine ly  to  p ro d u c e  h ig h e r e n e rg y  b e a m s  o f  e le c tro n s  o r x -ra y s . F u rth e r  a d v a n c e s  h a v e  s te m m e d  from : (1 ) m u lti-m oda lity  
3 D  im ag in g , w h ich  in c lu d e s  C T , M R I,  u ltra so u n d , a n d  P E T  fo r b e tte r  d e lin e a tio n  o f th e  ta rg e te d  d is e a s e , (2 ) a u to m a tio n  o f b e a m  c o llim ation  (M L C s ) w ith  p ro g ra m m a b le  fie ld  s h a p ­
ing a n d  in tensity  m o du la tion  ( IM R T ),  a n d  (3 ) im a g e -g u id a n c e  to  v erify  p a tien t a lig n m e n t prior to  tre a tm e n t de livery . C u rre n t d e v e lo p m e n ts  a re  focus in g  to w a rd s  prov id ing  o n -lin e  
C T  im ag ing  d e v ic e s  m o u n te d  “o n b o a rd ” th e  ga n try  o f th e  rad ia tio n  th e ra p y  m a c h in e . T w o  n e w  a p p ro a c h e s  a re  be in g  in ve s tig a ted  in O n ta rio : (a ) fa n -b e a m  C T  using a  ring ga n try  
d e s ig n  fo r  both im ag in g  an d  tre a tm e n t w ith  m e g a v o lta g e  (3 .5  M V  a nd  6 M V )  x -ra y s  (T o m o T h e ra p y  In c .) an d  (b ) c o n e -b e a m  C T  using a  s ta n d ard  C -a rm  ga n try  (E le k ta  S yn e rg y  
S y s te m ) th a t ro ta te s  a n  au xilia ry  x -ra y  tu b e  (1 2 0  k V p ) a n d  a  f la t-p a n e l d e te c to r  (e.g . G d 2O 2S :T b , a m o rp h o u s  s ilicon ). In th is  p re se n ta tio n , th e  p ros  a nd  c o n s  o f e a c h  a p p ro a c h  will 
b e  re v ie w e d , includ ing  th e  im ag in g  p hysics  a t k V  a n d  M V  e n e rg ie s , im a g e  quality  p a ra m e te rs , im ag in g  d o s e , im ag in g  tim e , an d  p ro c es s  flow . In th e  n e a r  fu tu re , th e  m e a s u re d  
tre a tm e n t b e a m  tra n s m is s io n  flu e n c e  w ill be  c o m b in ed  w ith  C T  d a ta  s e ts  to  reco n stru c t th e  a c tu a l d o s e  d istribution  d e liv e re d  to  th e  p a tien t in  v ivo . T h is  exc iting  d e v e lo p m e n t will 
e x p a n d  re s e a rc h  into a d a p tiv e  ra d io th era p y , to  a llo w  a  tre a tm e n t fraction  to  be  m od ified  in m id -c o u rs e  a s  n e e d e d . H u m a n  rad iob io logy, th a t c o rre la te s  c lin ical o u tc o m e s  ( i .e . 
tu m o u r re s p o n s e  an d  tre a tm e n t c o m p lic a tio n s ) w ith  th e  tru e  d o s e  pa tte rn  in tu m o u r an d  s urround ing  norm al tis su e s , re sp e ctive ly , b e c o m e s  possib le  fo r th e  first tim e .

In collabaration with: T  Kron1, G. Hajdok2, I. Cunningham3, J. Van Dyk1 andG. Bauman1, 1London Regional Cancer Centre, 2University of Western Ontario and 3Robarts Research Institute.
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E M IL  H A L L IN , C a n a d ia n  L ight S o u rc e

The A p p lie d  S c ie n ce  P ro g ra m  a t  th e  C anad ian  L ig h t S o u rce

T h e  C a n a d ia n  L ight S o u rc e  (C L S ) , a  2 .9  G e V  s ynchro tron  facility , is c u rren tly  be in g  c o n stru cted  a t th e  U n iv ers ity  o f S a s k a tc h e w a n . T h e  build ing is c o m p le te , th e  a c c e le ra to r  h a s  
b e e n  o p e ra te d  a t a  s to red  c u rren t o f 1 0 0  m A  a nd  th e  first light fro m  an  insertion  d e v ic e  h a s  b e e n  e x tra c te d  fro m  th e  s to ra g e  ring tu n n e l. T h e  fac ility  (w ith  s e v e n  b e a m lin e s ) w ill be  
o p e ra tio n a l by th e  e nd  o f  2 0 0 4 . M o s t o f  th e s e  b e a m lin e s  an d  a s s o c ia te d  e n d sta tio n s  w ill be  e x tre m e ly  u sefu l fo r  m a te r ia ls  a n d /o r  s u rfa c e  a n a ly s is  -  using  in fra red  spec tro s co p y  
a n d  spec tro m ic ro sc o p y , an  x -ra y  m icro p ro b e  an d  soft an d  h ard  x -ra y  X A N E S  a n d  E X A F S . T h e  C a n a d ia n  L ight S o u rc e  is b road ly  fo c u s e d  on re s e a rc h  in m a te r ia ls  s c ie n c e , e n v i­
ro n m e n ta l s c ie n c e s  an d  th e  life s c ie n c e s . R e c e n t C a n a d ia n  resu lts  a t th e  C a n a d ia n  S y n c h ro tro n  R a d ia tio n  F acility  in M a d is o n , a n d  a t o th e r  fo re ig n  s o u rce s  such  a s  N S L S , A P S  
a n d  D a re s b u ry  w ill illustra te  th e  im p o rta n ce  o f  th e s e  m e a s u re m e n ts  fo r  th e  d e ta ile d  s tu d y  o f m a te r ia ls  a nd  s u rfa ce s .

1 5 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé
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Flu id  M o tio n  In d u c ed  by S e q u e n tia l In te rfa c e  D e fo rm a tio n * , J a n u k  A g g a r w a l ,  L o rn e  W h ite h e a d  an d  A n d rz e j K otlicki, U n ive rs ity  o f  B ritish  C o lum b ia  —  W e  p re se n t a  m e th o d  fo r  
pum p in g  fluid p um p a lo n g  a  s u rfa ce , w ith o u t m ov ing  parts , w h ich  m a y  h a v e  a p p lic a tio n  in h e a t tra n s fe r. T h e  m e th o d  in vo lv e s  a  s u rfa c e  h av ing  a  pa tte rn  o f  d iffe ren t w ettin g  c h a r­
acte ris tics  to  c o n fin e  d ro p s  o f o n e  flu id  in a n o th e r  a n d  to  fa c ilita te  e le c tro s ta tic  d e fo rm a tio n  o f th e  re su lta n t in te rfa ce . In  c u rren t e m b o d im e n ts , printing te c h n iq u e s  a re  u sed  to  c re ­
a te  lyophilic  “tra c k s ” on a  c o m p a ra tiv e ly  lyo p h o b ic  s u b s tra te , to  tra p  oil d ro p s  in a  b a ck g ro u n d  a q u e o u s  s o lu tion . B y  a pp ly ing  lo ca lized  e le c tro s ta tic  fie ld s  b e tw e e n  th e  e le c tro ly te  
a n d  an  un d erly in g  conducto r, th e  oil is p in ch ed  into w ell lo ca lized  d ro p s . S w e e p in g  th e  fie ld  pa tte rn  a lo n g  th e  tra c k s  d ra g s  th e s e  d ro p s  a s  w e ll, cau s in g  n e t fluid flow . W e  h a ve  
e s ta b lis h e d  a  w a y  to  e ffe ctive ly  s w e e p  th e  fie ld  using on ly  3  c o n d u c tive  s e g m e n ts  in o n e  c o n d u c tive  layer, fac ilita ting  fa b ric a tio n . T h is  a p p ro a c h  h a s  so  fa r  a c h ie v e d  flo w  ra tes  o f 
1 5  c m /s , w ith  d ro p s  th a t a re  o f o rd e r  2 m m  d ia m e te r  on  2 m m  w id e  tra ck s , w h ich  loop b a ck  o n to  th e m s e lv e s  but c an  in princ ip le  be  a n y  len g th . B e ing  a  p ure ly  e le c tro s ta tic  e ffect, 
th e  p o w e r u sed  is e x tre m e ly  low. W ith  such  flo w  ra tes , it is p ossib le  to  tra n s p o rt h e a t m o re  e ffe ctive ly  th a n  using an  e q u iv a le n t v o lu m e  o f  solid copper.

* This work is being supported by NSERC.
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A A R O N  F E N S T E R , R o b a rts  R e s e a rc h  Institu te

F ro m  C o n ce p t to  P ro d u c t: 3 D  U ltra so u n d  Im a g in g  fo r  D ia g n o s is  a n d  T rea tm ent

T h e  last tw o  d e c a d e s  h a v e  w itn e s s e d  u n p re c e d e n te d  d e v e lo p m e n ts  o f n e w  im ag in g  s y s te m s  m a k in g  u s e  o f 3 D  v is u a liza tio n . T h e s e  n e w  te c h n o lo g ie s  h a v e  re v o lu tio n ize d  d ia g ­
nostic  rad io logy , a s  th e y  p ro v id e  th e  c lin ic ian  w ith  in fo rm ation  a b o u t th e  in te rio r o f  th e  h u m a n  body  n e v e r  b e fo re  a v a ila b le . U ltra so u n d  im ag in g  is an  im p o rtan t c o s t-e ffe c tiv e  te c h ­
n iq u e  u sed  routine ly  in th e  m a n a g e m e n t o f a  n u m b e r o f d is e a s e s . H o w e v e r, te c h n ic a l im p ro v e m e n ts  a re  n e e d e d  b e fo re  its full po te n tia l is re a liz e d , particu la rly  in a p p lic a tio n s  
invo lv ing  m in im a lly  in va s iv e  th e ra p y  o r su rg ery . 2 D  v ie w in g  o f 3 D  a n a to m y , using c o n ve n tio n a l u ltra so u n d , lim its  o u r ab ility  to  q u a n tify  a n d  v is u a liz e  th e  a n a to m y  an d  g u id e  th e ra ­
py, b e c a u s e  m u ltip le  2 D  im a g e s  m ust be  in te g ra ted  m enta lly . T h is  p ra c tic e  is ineffic ien t, an d  le a d s  to  varia b ility  an d  inco rrec t d ia g n o s e s . A lso , s in c e  th e  2 D  u ltrasoun d  im a g e  re p ­
re s e n ts  a  thin p lan e  a t an  a rb itra ry  a n g le  in th e  body, re p roductio n  o f th is  p lan e  a t a  la te r  tim e  is d ifficult. W e  h a v e  d e v e lo p e d  3 D  u ltrasoun d  im ag in g  te c h n iq u e s  th a t a d d re s s  th e  
p ro b le m s  d isc u s se d  a b o v e . In o u r a p p ro a c h , th e  c o n ve n tio n a l u ltrasoun d  tra n s d u c e r is s c a n n e d  m e c h a n ic a lly  o r w ith  a  fre e -h a n d  te c h n iq u e . T h e  2 D  im a g e s  a re  d ig itized  a nd  
th e n  reco n s tru c te d  in re a l-t im e  into a  3 D  im a g e , w h ich  c an  be  v ie w e d  an d  m a n ip u la te d  in te rac tive ly . E x a m p le s  w ill b e  g iven  fo r  im ag in g  v a r io u s  o rg a n s , such  a s  th e  p ro s ta te , 
c aro tid  a rte r ie s , an d  b re as t, an d  fo r  th e  use  in 3 D  u ltra so u n d -g u id e d  b ra c h y th e ra p y  an d  c ryosurgery . In th is  p a p e r w e  w ill a ls o  d e s c rib e  th e  path  o f o u r d e v e lo p m e n ts  fro m  c o n ­
c ep t to  product an d  c o m m e rc ia liz a tio n . Iss u e s  re la te d  to  p ro tec tion  o f in te lle c tu a l p ro p e rty  in th e  d e v e lo p m e n t o f o u r in s tru m en ta tio n  w ill be  a d d re s s e d . In ad d itio n , m e th o d s  w e  
h a v e  u s ed  to  c o m m e rc ia liz e  o u r in n o v atio n s , includ ing  licensing  a n d  fo rm a tio n  o f a  co m p an y , w ill be  d e s c rib e d .
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T H O M A S  J . R U T H , T R IU M F

P ro d u c tio n  o f  R a d io iso to p e s  fo r  R e se a rch  in  B io sc ie n ce  a n d  P h y s ic a l S c ie n ce

R a d io is o to p e s  h a v e  long b e e n  u sed  a s  tra c e rs  in th e  b io log ica l an d  p hysica l s c ie n c e s . T R IU M F  w ith  its 5  cyc lo tro n s  re p re s e n ts  th e  m ost po w e rfu l ra d io is o to p e  production  fac ility  
in th e  w o rld . T h e  L ife S c ie n c e  P ro g ra m  a t T R IU M F  h a s  exp lo ite d  th is  c apab ility  fo r m o re  th a n  2 d e c a d e s  in its a p p lic a tio n s  in positron  e m is s io n  to m o g ra p h y  w ith  c o lla b o ra tio n s  
w ith  th e  F a cu lty  o f  M e d ic in e  a t U B C  in s tudyin g  P a rk in s o n ’s d is e a s e . F o r th e  last d e c a d e  re s e a rc h  into th e  use  o f n itrogen  in v a r io u s  p lan t s y s te m s  h a s  b e en  e x p lo re d  w ith  th e
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tra c e r  N -1 3 . M o re  re ce n tly  s tu d ies  in flu id  d y n a m ic s  fo r th e  pu lp  a n d  p a p e r industry h a v e  m a d e  u s e  o f w o o d  fib e rs  la b e le d  w ith  F -1 8  to  s tudy th e  fa c to rs  a ffecting  p a p e r  quality. 
T h e  a p p lic a tio n s  o f  ra d io trac e rs  to  u n d e rs tan d  fu n d a m e n ta l p h e n o m e n a  a re  a lm o s t lim itless. H o w e v e r, th e re  a re  n u m e ro u s  co n stra in ts  to  e xp lo iting  th is  m e th o d , not th e  less  o f 
w h ich  is c o m m u n ic a tin g  a cro s s  d isc ip lines . E x a m p le s  illustrating v a r io u s  lev e ls  o f s u c c e s s  w ill be  p re s e n te d  a lo n g  w ith  pos sib le  a p p lic a tio n s  fo r th e  fu tu re .

1 6 h 4 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P9] Plasma Physics / WEDNESDAY, JUNE 16

(D P P ) Physique des plasmas MERCREDI, 16 JUIN
14h15 - 15h30

[ R o o m /S a l le  : S tr a th c o n a  ] C h a ir :  C. B o u c h e r , IN R S

W E -P 9 -1  1 4 h 1 5

A K IR A  H IR O S E , P la s m a  P h y s ic s  L a b o ra to ry , U n iv e rs ity  o f S a s k a tc h e w a n  

A n o m a lo u s  E le c tro n  T h e rm a l C o n d u c tiv ity  In  Tokam aks.

T h e  e le c tro n  th e rm a l d iffusiv ity  in to k a m a k s  h a s  b e e n  know n  to  be  a n o m a lo u s ly  high s in c e  th e  b e g inn ing  o f th e  to k a m a k  re s e a rc h . A s  th e  a n o m a lo u s  ion th e rm a l d iffusion  is 
c a u s e d  by an  ion te m p e ra tu re  g ra d ie n t, it is n a tu ra l to  s e e k  instab ilities  d riven  by e le c tro n  te m p e ra tu re  g ra d ie n t (E T G ) .  A to ro id ic ity  d riven  E T G  m o d e  h a s  b e e n  revis ited  in to k a -  
m a k  s tab ility  a n a ly s is  b a s e d  on a  fully k inetic , e le c tro m a g n e tic  in te g ra l e q u a tio n  c o d e  re ce n tly  d e v e lo p e d  in th e  L a b o ra to ry . T h e  E T G  m o d e  is c h a ra c te r iz e d  by short w a v e le n g th s  
w h ich  c an  be  c o m p a ra b le  w ith  th e  D e b y e  leng th  an d  c h a rg e  n eu tra lity  o ften  a s s u m e d  in th e  a n a ly s is  o f th e  E T G  m o d e  b re a k s  d o w n . F o r ty p ica l to k a m a k  d is c h a rg e  p a ra m e te rs , 
th e  m a x im u m  grow th  ra te  oc cu rs  a t a  w a v e n u m b e r  c o m p a ra b le  w ith  th e  D e b y e  w a v e n u m b e r. T h e  grow th  ra te  is o f th e  o rd e r o f  th e  e le c tro n  tra n s it fre q u e n c y  a n d  is proportional 
to  s q u a re  root o f p la s m a  b e ta  fac to r. T h e  e le c tro n  th e rm a l d iffusiv ity  b a s e d  on s im p le  m ixing  leng th  e s t im a te  is la rg e  e n o u g h  to  be  re le v a n t to  th e  e x p e rim e n ta lly  o b s e rv e d  v a lu e s , 
a n d  it in c re a s e s  w ith  th e  p la s m a  m in o r ra d iu s  [1].

1. A. Hirose, Phys. Rev. Lett. 92, 025001 (2004).

W E -P 9 -2  1 4 h 4 5

D is c re te  A lfv é n  W a v e  S p e c tra  D u e  to  H all C u rre n t*. A ts u s h i Ito  1 , S . O h s a k i 2 a n d  S .M . M a h a ja n  3 , 1 U n ive rs ity  o f  S a ska tch e w a n ,  2 U n iv ers ity  o f Tokyo  an d  3 U n ivers ity  o f 
T e x a s  —  N o n -id e a l e ffe c ts  on in h o m o g e n e o u s  M H D  m a y  re so lv e  s ing u la rity  in th e  A lfv é n  c o n tin u o u s  s p ec tru m  by inducin g  h ig h e r o rd e r d e riv a tive  in th e  m o d e  e q u atio n . It has  
b e e n  sh o w n  a n a ly tica lly  [1] th a t th e  c oup lin g  o f th e  H all c u rren t w ith  th e  s ound  w a v e  g iv e s  rise  to  d isc re te  s p e c tra , an d  d o m in a te s  th e  e le c tro n -in e rtia  (k in e tic ) e ffe c t [2]. A  n u m e ri­
c a l c o d e  h a s  b e en  d e v e lo p e d  to  in ve s tig a te  p a ra m e te r  re g im e s  o f th e  ion skin  d e p th , th e  s o u n d  s p e e d , a n d  th e  w a v e  n u m b e rs  w h ich  a llo w  th e  p re s e n c e  o f d isc re te  A lfv é n  s p ec tra  
a n d  ra d ia l m o d e  s truc tu re .

1. S. Ohsaki and S.M. Mahajan, Phys. Plasmas 11, 898 (2004).
2. S .M .~ ahajan, Phys. Fluids 27, 2238 (1984).

* Work supported by NSERC and CRC

W E -P 9 -3  1 5 h 0 0

Jo in t P la s m a /T h e rm a l M o d e l fo r  P la s m a  Ion Im p lan ts  o f P h o to n ic  M a te r ia ls , M ic h a e l P. B r a d le y ,  U n ive rs ity  o f  S a ska tch e w a n  —  Ion im p lan tation  is a  po w e rfu l too l fo r  th e  m od ifi­
catio n  o f m a te r ia ls  by th e  introduction  o f  c on tro lled  a m o u n ts  o f  im purities  a t c on tro lled  d e p th s . It h a s  g re a t p ro m ise  fo r  th e  production  o f n e w  pho ton ic  an d  o p to e le c tro n ic  m a te r i­
a ls . In p la s m a  ion im p lan tation  th e  ions to  b e  im p lan ted  a re  e x tra c te d  fro m  a  p la s m a  in co n ta ct w ith  th e  ta rg e t. O b v io u s ly  th e  fin a l m a teria l c h a ra c te ris tic s  d e p e n d  upon  th e  ion 
s p e c ie s  u sed  a n d  th e  d e p th  o f th e  im p lan ts . In ad d itio n , th e  fina l c h a ra c te ris tic s  o f an  io n -im p lan ted  s a m p le  d e p e n d  s ign ifican tly  upon  its th e rm a l history b e c a u s e  o f th e  im p o r­
ta n c e  o f th e rm a lly -d r iv e n  d iffusion  an d  activ a tio n  p ro c e s s e s . B e c a u s e  h ig h -d o s e  ion im p lan ts  (such  a s  th o s e  w h ich  m igh t be  u sed  to  p ro d u c e  buried  lu m in es ce n t S iC  la y e rs ) lead  
to  v ery  rapid  ta rg e t h e a tin g , th e  te m p e ra tu re  v s . tim e  history o f th e  ta rg e t is a  critical a s p e c t o f a n y  ion im p lan tatio n  p ro c es s , an d  m ust be  know n  a n d  con tro lled  to  a c h ie v e  op tim a l 
resu lts . A c c u ra te , p re d ic tiv e  m o d e llin g  o f p la s m a  con d itio n s  a n d  th e ir  e ffe c t on ta rg e t te m p e ra tu re  is an  im p o rtan t c o m p o n e n t o f  m y re s e a rc h  p ro g ra m  in P la s m a  Ion Im p lan ta tio n  
a t th e  U n ivers ity  o f S a s k a tc h e w a n . In th is  ta lk  I w ill p re se n t th e  resu lts  o f a  n u m e ric a l m o d e l w h ich  in co rp o ra te s  th e  c oup lin g  b e tw e e n  p la s m a  ion im p lan t cond itions  an d  ta rg e t  
h e atin g , a nd  d iscuss  th e  im p lic a tio n s  fo r  m y  p h o ton ics  m a te r ia ls  re s e a rc h  p rogram .

W E -P 9 -4  1 5 h 1 5

O b s e rv a tio n  C o n s tra in e d  E q u ilib ria , P la s m a  Instab ilities , A n d  S u b sto rm  In ten sifica tio n  P h a s e *, P e te r  D o b ia s  1, J .A . W a n lis s  2 , I .O . V o ro n ko v  1 an d  J .C . S a m s o n  1, 1 U n ive rs ity  
o f  A lb e rta  a n d  2 E m b ry  R id d le  A e ro n a u tic a l U n iv ers ity  —  D y n a m ic s  o f a  s u b sto rm  o n s et is o n e  o f  th e  m ost c h a llen g in g  p ro b le m s  in s p a c e  p la s m a  physics . A  su ffic ien t th e o ry  
m ust b e  a b le  to  e xp la in  th e  s u b -A lfv e n ic  tim e  s c a le s  o f th e  o n s e t, a n d  m ust a ls o  p ro v id e  p lau s ib le  e x p la n a tio n s  fo r th e  w h o le  s e r ie s  o f o b s e rv e d  c h a ra c te ris tic s  c o n n e c te d  to  s u b ­
s to rm s . W e  u s e  th e  G ra d -S h a fra n o v  eq u atio n  to  d e fin e  a  3 D  p la s m a  equ ilib riu m . T h e  th e o re tic a l eq u ilib riu m  is tie d  to  g ro u n d -b a s e d  C A N O P U S  o b s erv a tio n s  th ro u g h  th e  proton  
a u ro ra  e q u a to rw a rd  b o u n d a ry  a s  an  e x p e rim e n ta l c o n stra in t fo r th e  equ ilib riu m . T h e n  w e  u s e  a n  e n e rg y -b a s e d  n o n lin e a r stab ility  a n a ly s is  to  fo llo w  th e  stab ility  o f th e  m a g n eto ta il 
during  th e  la te  grow th  p h a s e , includ ing  p e rio d s  ju s t prior to  an d  a fte r  th e  o n s e t o f th e  s u b to rm  in tensifica tion  p h a s e . U s ing  v a rio u s  po ten tia l s o u rce s  o f a  p e rtu rb a tio n  to  p la s m a  
equ ilib riu m , w e  d e m o n s tra te  th a t tim ing  o f th e  s u b sto rm  o n s e t c o in c id e s  w ith  th e  tra n s itio n  b e tw e e n  non lin e arly  s ta b le  a n d  u n s ta b le  c o n fig u ra tio n s  o f th e  m a g n eto ta il. P o ss ib le  
trig g e rin g  m e c h a n is m  fo r th e  instability  cou ld  in c lu d e  fie ld  line re s o n a n c e s , s h e a r  flo w  o r s h e a r  flo w -b a llo o n in g  instability, o r a  s trong e x te rn a l im p u lse .

* This work is being supported by NSERC.

1 5 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P10]

(D TP/ DPT  )

General Relativity and Gravitation II / 
Relativité générale et gravitation II

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

14h15 - 17h00

[ R o o m /S a l le  : K ild o n a n  ] C h a ir :  M . P a ra n ja p e , U .M o n tre a l

W E -P 1 0 -1 1 4 h 1 5

S A U R Y A  D A S , T h e  U n ivers ity  o f L e th b rid g e  

B la c k  H o le s  In  F u tu re  C o llide rs

B ra n e  w o rld  m o d e ls  w h ich  pred ic t th e  fu n d a m e n ta l h ig h e r d im e n s io n a l P la n c k  s c a le  to  be  a b o u t a  TeV , a ls o  pred ic t th e  c o p io u s  p roduction  o f b lack  h o le s  in fu tu re  h igh e n e rg y  co l­
liders  such  a s  th e  L a rg e  H a d ro n  C o llid e r  (L H C ). W e  e x a m in e  p ro p e rtie s  o f th e s e  b lack  ho les , th e ir  pos sib le  e x p e rim e n ta l s ig n a tu re s  an d  th e  in flu e n ce  o f th e  G e n e ra lis e d  
U n c e rta in ty  P rin c ip le  a n d  th e rm o d y n a m ic  flu c tu a tio n s  on  th e s e  s ig n a tu re s .

* In collaboration with M. Cavaglia 1 and R. Maartens 2, 1 The University of Mississippi and 2 University of Portsmouth.
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W E -P 1 0 - 2  1 4 h 4 5

V IQ A R  H U S A IN , U n iv ers ity  o f  N e w  B runsw ick

S in g u la r ity  R e so lu tio n  in  Q uan tum  G ra v ity

W e  e x a m in e  th e  s ing u la rity  reso lu tion  issue in q u a n tu m  grav ity  by s tudy in g  a  n e w  q u a n tiza tio n  o f  F r ie d m a n n -R o b e rts o n -W a lk e r  g e o m e tro d y n a m ic s . T h e  q u a n tiza tio n  p ro c e d u re  is 
b a s e d  on an  a lte rn a tiv e  to  th e  usual S c h ro d in g e r re p res en ta tio n  u sed  in m e tric  v a r ia b le  q u a n tu m  cosm ology . W e  s h o w  th a t in th is  re p re s e n ta tio n  th e re  e x is ts  a  d e n s e ly  de fin ed  
in ve rs e  s c a le  fa c to r  o p e ra to r, a n d  th a t th e  H a m ilto n ia n  c o n stra in t a cts  a s  a  d iffe re n c e  o p e ra to r  on th e  b as is  s ta tes . W e  find  th a t th e  co sm o lo g ic a l s ing u la rity  is a v o id e d  in th e  
q u a n tu m  d y n a m ic s . W e  d isc u s s  th e s e  resu lts  w ith  a  v ie w  to  iden tify ing  th e  c riteria  th a t c o n stitu te  “s ing u la rity  re so lu tio n ” in q u a n tu m  gravity .

1 5 h 1 5  C o f fe e  B r e a k  /  P a u s e  c a fé

W E -P 1 0 - 3  1 5 h 3 0

E R IC  W O O L G A R , U n iv ers ity  o f  A lb e rta

The P o in ca ré  C on jec tu re , R ic c i F low , A n d  The R e n o rm a liza tio n  G roup

In a  s e r ie s  o f  p a p e rs  be g in n in g  in th e  fa ll o f 2 0 0 2 , G ris h a  P e re lm a n  a n n o u n c e d  w h a t m a y  b e  a  p ro o f o f  th e  P o in c a ré  c o n jec tu re  a n d , in d e e d , th e  m uch b ro a d e r Th u rs to n  
g e o m e tr iz a tio n  c o n jec tu re  fo r 3 -m a n ifo ld s . H is  m e th o d  is b a se d  on H a m ilto n ’s R icci flow , w h ich  is a  sort o f h e a t e q u a tio n  fo r  te n s o rs . R e fe re n c e s  to  p hysics  a b o u n d  in 
P e re lm a n ’s w o rk . O n e  e x a m p le  is th a t th e  R icci flo w  is th e  re n o rm a liza tio n  g roup  flo w  fo r a  n o n lin e a r s ig m a  m o d e l (a t o n e  loop ). A n o th e r is th a t P e re lm a n ’s resu lts  a re  b a s e d  on  
a  m o n o to n ic ity  th e o re m  fo r th e  R icci flow , w h ich  he  s h o w s  is in fa c t th e  “s ec o n d  la w ” a p p lie d  to  a  certa in  s ta tistica l e n tro p y  o b ta in e d  fro m  a  fo rm a l partition func tion  (fo r an  
u n k n o w n  s ta tistica l e n s e m b le ) . In th is  ta lk , I w ill d e s c rib e  th e  g e o m e tr iz a tio n  c o n je c tu re , P e re lm a n ’s  m e th o d , a n d  s o m e  o f th e  c o n n ec tio n s  to  physics. F ina lly , I w ill d e s c rib e  jo in t 
w o rk  w ith  T  O liy n y k  an d  V . S u n e e ta  w h e re in  w e  ap p ly  P e re lm a n ’s te c h n iq u e  to  n o n c o m p a ct m a n ifo ld s  to  s tu d y  th e  p ro b le m  o f m a s s  d e c re a s e  in re n o rm a liza tio n  g roup  flow .

W E -P 1 0 - 4  1 6 h 0 0

W IL L IA M  U N R U H , U n iv ers ity  o f British C o lu m b ia

D u m b  H o le s—  B la c k  h o le s  in the  L ab ?

V a rio u s  c o n d e n s e d  m a tte r  s y s te m s  c an  be  sh o w n  to  m im ic  th e  b e h a v io u r o f b lac k  h o le , includ ing  th e  q u a n tu m  em is s io n  o f rad ia tion  w ith  a  te m p e ra tu re  c h a ra c h e ris tic  o f th e  
d im e n s io n s  o f th e  b lac k  h o le . T h e s e  d u m b  (n o t-s p e a k in g ) h o le s  illu m in a te  th e  th e o re tic a l orig ins  o f th e  b lac k  ho le  e v a p o ra tio n  ra d ia tio n , an d  a ls o  o ffe r th e  possib ility  o f m e a s u r­
ing th e  rad ia tion  in th e  labo ra to ry . T h is  ta lk  w ill re v ie w  th is  fie ld , a nd  ou tlin e  th e  p ro m ise  a n d  d ifficu lties  o f s uch  m e a s u re m e n ts .

W E -P 1 0 - 5  1 6 h 3 0

A R U N D H A T I D A S G U P T A , U n iv ers ité  L ibre  d e  B ru x e lle s  

E n tro p y  o f a B la c k  H o le  A p p a re n t H o rizon

C o h e re n t s ta te s  a re  d e te rm in e d  fo r  th e  S ch w a rz s c h ild  b lac k  ho le  s p a c e -tim e  in th e  fra m e w o rk  o f  c an o n ic a l q u a n tis a tio n  o f g e n e ra l re lativ ity. T h e  d e g e n e ra c y  a s s o c ia te d  w ith  a  
d e n s ity  m atrix  fo r a  g ive n  s em i c la s s ic a l s p a c e -tim e  a fte r  tra c in g  o v e r  th e  c o h e re n t s ta te  w a v e  func tion  ins ide  th e  a p p a re n t h orizon  is d e te rm in e d . T h is  is sh o w n  to  g ive  rise  to  a  
e n tro p y  o f th e  b lac k  ho le  w h ich  is p roportiona l to  th e  a re a  o f th e  a p p a re n t horizon .

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P11] V i s u a l i z i n g  C o n c e p t s  i n  T h e o r y  -  C o n t r i b u t e d  / WEDNESDAY, JUNE 16

(CASCA ) V i s u a l i s a t i o n  d e s  c o n c e p t s  t h é o r i q u e s -  c o n t r i b u é e s MERCREDI, 16 JUIN
14h45 - 15h30

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  J . F ie g e , N R C -H IA

W E -P 1 1 -1  1 4 h 4 5

O b s e rv in g  S im u la te d  G a la x ie s * , J e n n ife r  O ’N e ill  H u r ry , U n ive rs ity  o f  Toronto  —  C o m p a ris o n s  b e tw e e n  h y d ro d y n a m ic a l g a la x y  s im u la tio n s  an d  o b s e rv a tio n s  a re  b e co m in g  m ore  
d e ta ile d  a s  th e  reso lu tion  in c re a s e s  fo r  both . A n  in h e re n t p ro b le m  w ith  th e s e  c o m p a ris o n s  is th e  b as ic  unit in e a c h  is d iffe re n t -  o n e  tra c e s  m a s s , th e  o ther, light. B y co n vertin g  
s te lla r  m a s s  to  light a n d  m ode lling  both dus t o b s cu ra tio n  an d  th e  p ro p e rties  o f th e  te le s c o p e , w e  c an  d irec tly  c o m p a re  im a g e s  o f  s im u la te d  g a la x ie s  w ith  th e ir  o b s e rv e d  c o u n te r­
parts . T h e  g o a l o f m a n y  o b s e rv a tio n s  o f g a la x ie s  (e s p e c ia lly  a t h igh redsh ift) is to  d is c o v e r s o m eth in g  o f th e  u nderly ing  m a s s  d istrib ution . T h e  o b v io u s  b e n efit to  using im a g e s  
fro m  s im u la tio n s  is th e  m a s s  d istribution  a n d  d y n a m ic s  o f th e  g a la x y  a re  know n; w e  c an  th e n  in ve s tig a te  v a r io u s  p a ra m e te rs  in o b s e rv a tio n a l s p a c e  to  d e te rm in e  w h a t h a s  th e  
b est c h a n c e  o f  re co v erin g  th e  fu n d a m e n ta l p ro p e rties  o f th e  g a la x y . O n e  a s p e c t w e  a re  c urren tly  inves tigating  is m o rpho logy . T h e re  a re  c u rren tly  s e v e ra l q u a n tita tiv e  m e th o d s  o f  
d e te rm in in g  a  broad  d e fin ition  o f m orpho logy . B e c a u s e  w e  h a v e  contro l o v e r  c a m e ra s , e x p o s u re  tim e , e tc , w e  c an  d e te rm in e  w h ich  p a ra m e te rs  m ost a ffe c t th e  resu lting  m o rp h o l­
og y  c lass ificatio n  an d  th e  id ea l s e t o f p a ra m e te rs  w h ich  m ost c lose ly  m im ic  th e  un d erly in g  m a s s  a n d  d y n a m ic a l s ta te  o f th e  ga la x y . O n e  o f th e  resu lts  I w ill p re s e n t a re  striking  
plots sh o w in g  h o w  a  s ta n d ard  m o rp h o lo g ic a l c lass ificatio n  s c h e m e  a ss ig n s  a  v ery  d iffe ren t m o rp h o lo g y  to  th e  light d istribution  o f a  g a la x y  th a n  th e  m a s s  d istrib u tion , a n d  th a t th is  
v aria tio n  c o n tin u e s  o v e r a  w id e  ra n g e  o f  redshifts.

* This work is being supported by Dr. Roberto Abraham.
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D y n a m ic s  O f  Y o u n g  P la n e ta ry  S y s te m s *, E d w a r d  T h o m m e s ,  CITA  —  E arly  in th e  life o f a  p lan e ta ry  s ys te m , (p ro to -) p la n e ts  g ra v ita tio n a lly  in te rac t w ith  e a c h  o th e r a s  w e ll as  
w ith  th e  g a s  d isk  ou t o f w h ich  th e y  a re  born . U s ing  a  hybrid  N -b o d y  c o d e , w e  e x a m in e  s o m e  o f th e  d y n a m ic s  w h ich  m ay  resu lt. K e y  fe a tu re s  o f m a tu re  p lan e ta ry  s y s te m s  like  our 
o w n , a s  w ell a s  o f  th e  g row ing  e n s e m b le  o f d isc o v ere d  e x o p la n e ta ry  s y s te m s , m a y  be  th e  resu lt o f th e  in te rp lay  b e tw e e n  p la n e t-p la n e t an d  p la n e t-d is k  in te rac tio n s  during  th e  first 
fe w  m illion y e a rs .

* This work is being supported by NSERC.
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S lid in g  into H o m e : Te rres tria l F o rm a tio n  a n d  T y p e  I M ig ra tio n , D o u g la s  M c N e il,  a n d  M .J .D . D u n c a n , Q u e e n ’s  U n ive rs ity  —  T e rre s tr ia l-m a s s  p lan e ta ry  e m b ry o s  e m b e d d e d  in a  
g a s  d isc  s u ffe r a  d e c a y  in s e m im a jo r  a x is  -  ty p e  I m ig ration  - d u e  to  th e  a s y m m e tr ic  to rq u e s  p ro d u c ed  by th e  in te rio r a n d  e x te r io r  w a k e s  ra ised  by th e  body  (G o ld re ic h  and  
T re m a in e  1 9 8 0 ; W a rd  1 9 8 6 ) . T h is  p re s e n ts  a  c h a lle n g e  fo r s ta n d ard  o lig arc h ic  a p p ro a c h e s  to  fo rm in g  th e  te rres tria l p lan e ts  (K o k u b o  an d  Id a  1 9 9 8 ) a s  th e  tim e s c a le  to  g ro w  th e  
p ro g e n ito r o b je c ts  n e a r  1 A U  is lo n g e r th a n  th a t fo r th e m  to  d e c a y  into th e  S u n . U s ing  both s em ia n a ly tic  m e th o d s  a n d  n u m e ric a l in te g ra tio n s  w e  in ve s tig a te  th is  p ro b le m  by v a ry ­
ing th e  g a s  d isp ers a l ra te  in d iffe re n t m o d e ls  o f th e  p ro to p la n e ta ry  d isc . W e  c o n s id e r th e  possib ility  th a t th e  E a r th ’s  fo re b e a rs  w e re  im m ig ra n ts  to  h e r c u rren t h o m e . R e c e n t resu lts  
a n d  p lan s  fo r fu tu re  w o rk  a re  d isc u s se d .

1 5 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n
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C h a ir :  C. A rs e n a u lt ,  Dr. G e o rg e s  L . D u m o n t  H o s p ita l

D a ily  T a rgeting  o f  P ro s ta te  T h ro u g h  E P ID  V is u a liz a tio n  o f Im p la n te d  M a r k e r s . B o y d  M c C u r d y , C a n ce rC a re  M a n ito b a  —  In th is  study, w e  in ve s tig a ted  o u r c lin ic ’s  ab ility  to  a c c u ­
ra te ly  d e liv e r  d o s e -e s c a la te d , 3 D , c o n fo rm a l p ro s ta te  rad ia tio n  th e ra p y , using  on ly  e le c tro n ic  porta l im ag in g  (n o  film ). T h e  im p le m e n te d  pro toco l re q u ire s  th re e  gold c y lin d e rs  (1 .3  
m m  x 3 .0  m m ) to  be  inserted  into th e  p a tien ts ’ p ro s ta te  g lan d  u n d e r u ltrasoun d  g u id a n c e . C o n fo rm a l tre a tm e n t p lan n in g  p ro c e e d s  a s  usual, e x c e p t th a t po in ts  o f in te res t a re  
p lac e d  a t th e  location  o f  th e  cy lin d e rs . A t th e  be g in n in g  o f a ll 3 9  tre a tm e n t fra c tio n s , a  p re -p o rt im a g e  acqu is ition  (~6 M U )  w a s  o b ta in e d  w ith  an  am o rp h o u s-s ilico n  porta l im ag ing  
d e v ic e  an d  a  grid  tra y  in se rte d . T h e  rad ia tion  th e ra p is ts  p e rfo rm ed  o n -lin e  a n a ly s is  o f th e  shifts o f a ll th re e  m a rk e rs  fro m  th e  c en tra l ax is , an d  e n te re d  th is  d a ta  into a  c o m p u te r­
ized  s p re a d s h e e t. T h e  s p re a d s h e e t c o m p a re d  th e  position d a ta  to  d a ta  fro m  th e  p lan n in g  D R R . If th e  d isc re p an c y  is m o re  th a n  5  m m , p a tien t position w a s  c o rrec te d  be fo re  
tre a tm e n t p ro c e e d e d . D a ily  position ing  in fo rm ation  fo r  th e  first p a tien t w a s  a n a ly s e d , a n d  s e tu p  u n c e rta in tie s  using th e  g e o m e tr ic  c e n tre  o f th e  cy lin d e rs  w e re  foun d: de l (A P ) =  - 
0 .2  m m  + /-1 .7  m m ; d e l (S I)  =  -1 .3  m m  + /-  1 .7  m m , a c c o u n tin g  fo r  co rrec tio n s . O n ly  4  c o rrec tio n s  w e re  n e e d e d . A s y s te m a tic  rotation (1 0 .1  +  / -4 .7  d e g re e s ) o f th e  p ro s ta te  
a b o u t a  la te ra l a x is  w a s  a ls o  o b s e rv e d . In 2  fra c tio n s , s ig n ifican t d is c re p a n c ie s  w e re  o b s erv e d  d u e  to  re cta l g a s , d e s p ite  p a tien t recta l p re p ara tio n . In th e s e  s itu atio n s, co rrec tion  
b a s e d  on bony  a n a to m y  a lo n e  w o u ld  h a v e  b e e n  in e ffe c tiv e . T h is  in te g ra te d , o n -lin e  im ag in g  a p p ro a c h  h a s  a  m in im a l im pact on th e  to ta l tre a tm e n t tim e  fo r th e  pa tien t, w ith  m ost 
fra c tio n s  d e liv e ra b le  w ith in  12 m in u tes .
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M e a s u re m e n t o f In tra - a nd  In te r- F ra ctio n  P ro s ta te  M o tio n  U s in g  E le c tro n ic  P orta l Im a g in g  o f Im p la n te d  R a d io -O p a q u e  M a r k e r s , K a th a r in a  S ix e l1 , P. C h e u n g 1 R . T iro n a 1, an d  G. 
P a n g 1, 1T oronto  S u n n y b ro o k  R e g io n a l C a n c e r  C e n tre  an d  2 3U n ivers ity  o f Toronto  —  R a d io  o p a q u e  m a rk e rs  im p lan ted  into th e  p ro s ta te  re p re s e n t a  ta rg e t s u rro g a te  th a t c an  be  
im a g e d  d irec tly  w ith  a  lin e a r  a c c e le ra to r , e n ab lin g  im a g e  gu id e d  rad ia tio n  fo r p ro s ta te  c an c e r. P re -tre a tm e n t im ag in g  o f th e  m a rk e rs  an d  o n -lin e  c o rrec tion  fo r m a rk e r position  
e lim in a te  in te rfraction  m otion  e rro rs , an d  o ffe r  th e  opportun ity  fo r p lan n in g  ta rg e t v o lu m e  (P T V ) red u ctio n . H o w e v e r, th is  in te rven tion  d o e s  not e lim in a te  th e  P T V , a s  in tra fraction  
m otion  m ust still be  c o n s id e re d . G o ld  m a rk e rs  w e re  im p lan ted  into th e  p ro s ta te  o f  3 3  p ro s ta te  c a n c e r  p a tien ts . A n te r io r  a nd  la te ra l e le c tro n ic  porta l im a g e s  w e re  a c q u ire d  a t th e  
s ta rt an d  a t th e  en d  o f  th e  first 9  fra c tio n s  o f  tre a tm e n t. O n -lin e  correc tion  s o ftw a re  (P o rta lN T , Q u e b e c ) w a s  u sed  to  a n a ly s e  th e  im a g e s . C o m p a ris o n  o f s e e d  pos itions  on  p re ­
tre a tm e n t im a g e s  to  p lan n in g  dig ita lly  reco n s tru c te d  ra d io g ra p h s  qu a n tifie d  in te rfraction  m otion . C o m p a ris o n  o f p o s t-tre a tm e n t im a g e s  to  p re -tre a tm e n t im a g e s  a llo w e d  th e  
a s s e s s m e n t o f in tra fraction  m otio n . F o r th e  p opu la tion  o f  p a tien ts  s tu d ied , th e  s y s te m a tic  (a v e ra g e ) a nd  ra n d o m  (s ta n d a rd  d e v ia tio n ) in te r- an d  in tra -fractio n  e rro rs  a re  listed:

S y s te m a tic  e rro rs  (m m ) R a n d o m  e rro rs  (m m )
L R S I A P L R S I A P

In tra fraction 0.1 0 .4 0 .7 0 .9 1 .3 1.8
In te rfraction 1 .4 0 .4 0 .3 2 .5 3 .3 4 .9

B y a p p ly in g  a p p ro p ria te  m arg in  re c ip e s  a n d  a c c o u n tin g  fo r s e e d  lo ca liza tio n  uncerta in ty , th e  P T V  c an  be  c a lc u la te d . If o n -lin e  correc tion  is u sed  to  position th e  p ro s ta te  to  th e  
tre a tm e n t iso c e n tre  a t th e  s ta rt o f e a c h  fra c tio n , a  res idua l popu la tion  b a s e d  P T V  o f  3 .5  m m  (L R ), 3 .5  m m  (S I)  a n d  4.1  m m  (A P ) w ill e n s u re  th a t th e  p ro s ta te  re c e iv e s  th e  p re ­
scrib e d  d o s e .
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A u to m a tic  E xtrac tion  o f P a tie n t O u t-o f-P la n e  R o tatio n  U sing  P o rta l Im a g e s , K e y v a n  J a b b a r i  a n d  S te p h e n  P is to rius , C a n c e r C a re  M a n ito b a  an d  U n ive rs ity  o f  M an ito b a  —  
R a d ia tio n  th e ra p y  re q u ire s  a c c u ra te  tre a tm e n t s e t up an d  p a tien t p la c e m e n t a n d  E le c tro n ic  P orta l Im a g in g  D e v ic e s  a re  n o w  c o m m o n ly  u sed  fo r  tre a tm e n t v erific a tio n . A  n u m b e r o f 
te c h n iq u e s  a re  a v a ila b le  to  a sc erta in  p a tien t set up  by sp atia lly  re g is te ring  th e  porta l im a g e  w ith  its re fe re n c e  im a g e . O n e  p ro b le m  in m a n y  tw o -d im e n s io n a l reg is tra tio n  m e th o d s  
is d u e  to  th e  a ss u m p tio n  th a t th e  a n a to m ic a l s tru c tu res  to  be  re g is te re d , lie in th e  s a m e  p la n e . T h e s e  m e th o d s  c an n o t a c c o u n t fo r  p a tien t ro ta tions  out o f th e  im a g e  p la n e  and  
tra n s la tio n  e rro rs  c an  occur. O u t o f  p lan e  ro ta tion  resu lts  in an  a p p a re n t d istortion  o f a n a to m y  in th e  porta l im a g e . T h is  d istortion  can  be  m a th e m a tic a lly  p re d ic te d  w ith  th e  m a g n i­
fic atio n  vary in g  a t e a c h  point in th e  im a g e . W h e re a s  an  e q u a l c h a n g e  o f  m ag n ifica tio n  in both d im e n s io n s  resu lts  fro m  an  inco rrec t S S D  se tu p , a  v aria tio n  o f m ag n ifica tio n  in only  
o n e  d im en s io n  is d u e  to  an  o u t-o f-p la n e  ro ta tion . P rev io u s ly  w e  h a v e  re p o rte d  an  a c c u ra te  te c h n iq u e  fo r e x tra c tin g  th e  in -p la n e  ro ta tion , s ca le  a nd  tra n s la tio n  o f a  porta l im a g e . A  
s im ila r te c h n iq u e  c an  be  u sed  to  c a lc u la te  th e  o u t-o f-p la n e  ro ta tion . C o rre la tin g  th e  F o u rie r  T ra n s fo rm  o f th e  porta l im a g e  on  a  log s c a le  w ith  th a t o f th e  re fe re n c e  im a g e  e n a b le s  
th e  out o f p la n e  rotation to  be  a u to m a tic a lly  e x tra c te d  fro m  a  s ing le  porta l im a g e . T h is  te c h n iq u e  is a b le  to  identify  o u t-o f-p la n e  ro ta tions  o f up to  2 5 °  w ith  an  a c c u ra c y  o f ± 3 ° .  T h e  
ability  to  d e te c t o u t-o f-p la n e  ro ta tions  w ith  a  s in g le  im a g e  w ill e n h a n c e  o u r ab ility  to  qu ickly  an d  a c c u ra te ly  a c c o u n t fo r  both in -p la n e  a nd  o u t-o f-p la n e  s e t-u p  erro rs .
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R e m o v in g  B lu r F ro m  E n e rg y  F lu e n c e  M e a s u re m e n ts  M a d e  U s ing  V a r ia n ’s  a S 5 0 0  E le c tro n ic  P orta l Im ag in g  D e v ic e , C h a r le s  K ir k b y  an d  R . S lo b o d a , U n ive rs ity  o f  A lb e rta  —  A s  
a  resu lt o f th e ir  lin ea r re s p o n s e  to  a b s o rb e d  d o s e , a m o rp h o u s  silicon e le c tro n ic  porta l im ag in g  d e v ic e s  (a -S i E P ID s ) h a v e  th e  po te n tia l to  p ro d u c e  a  tw o -d im e n s io n a l pixel m a p  o f 
d o s e  o r  e n e rg y  flu e n c e  w ith in  a  g iven  th e ra p e u tic  fie ld . U n fo rtu n a te ly , th e  im a g e  fo rm e d  by th e  d e te c to r  is su b jec t to  m u ltip le  blurring p ro c e s s e s . To p ro d u c e  an  a c c u ra te  e n e rg y  
f lu e n c e  m a p , it is th e re fo re  n e c e s s a ry  to  m o d e l th e  b lu r in o rd e r to  d e c o n v o lv e  it fro m  th e  im a g e . W e  e x a m in e d  th e  b lur k ern e l o f  V a r ia n ’s  a S 5 0 0  E P ID , a  ty p ica l a -S i porta l im a g ­
er. T h e  o v era ll b lu r k ern e l is a  convo lu tio n  o f  tw o  p ro c es s es : a ) th e  s p re a d  o f  d o s e  d e p o s ited  in th e  scin tilla tion  s c re e n , a n d  b) th e  s p re a d  o f  op tical pho to n s  c re a te d  in th e  s cre en  
a n d  d e te c te d  by th e  a m o rp h o u s  s ilicon p h o to d io d es . W e  m o d e lle d  d o s e  de p o s itio n  in th e  a S 5 0 0  using  th e  E G S n rc  M o n te  C a r lo  c o d e , w h ich  s im u la te s  tra n s p o rt o f h ig h -e n e rg y  
(M e V )  ph o to n s  a n d  e le c tro n s , a n d  op tica l s p re a d in g  using th e  D E T E C T 2 0 0 0  M o n te  C a rlo  c o d e , w h ich  tra c k s  op tical photon  p ro p a g atio n . C o n v o lv in g  th e s e  resu lts  y ie ld e d  robust 
o v era ll b lur k ern e ls  fo r both 6 a n d  1 5  M V  b e a m s . E P ID  im a g e s  d e c o n v o lv e d  using th e s e  k ern e ls  resu lted  in flu e n c e  p rofiles  th a t c o n fo rm e d  w ith  th o s e  m e a s u re d  by a  d iam o n d  
d e te c to r  a cro s s  a  ra n g e  o f s ta n d ard  c lin ical fie ld s: 4 '4  c m 2, 1 0 1 0  c m 2 , 2 0 2 0  c m 2, a n d  a  1 0 1 0  c m 2 4 5 °  w e d g e d  fie ld . W e  u sed  a  g -c o n c e p t te s t to  q u a n tify  th e  im p ro ve m e n t  
in troduced  a fte r  th e  d e co n v o lu tio n .
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La g  M e c h a n is m  in A m o rp h o u s  S e le n iu m  R a d ia tio n  D e te c to rs , T e o d o r  S ta n e s c u 1, M r. S c h ro e d e r2, Dr. R a th e e 1 an d  Dr. F a llo n e1, 1C ross C a n c e r In s titu te  a nd  2C a n c e rC a re  
M a n ito b a , —  A m o rp h o u s  s e le n iu m  (a -S e )  a c tiv e  m atrix  fla t p a n e l im a g e rs  (A M F P Is )  h a v e  b e e n  s tu d ied  fo r a p p lic a tio n s  in m e d ic a l im ag in g . W e  s h o w ed  th a t th e  a m o rp h o u s  s e le ­
n ium  p h o to d e te c to rs  s u ffe r fro m  lag [1] a n d  s ens itiv ity  re duction  [2]. T h e s e  e ffe c ts  resu lt in re d u ce d  c o n tra s t in th e  im a g e s  s u b s e q u e n tly  p ro d u c ed  by th e  d e te c to r. Lag  is d e te r­
m in ed  by th e  res id u a l s ig n a l fro m  p re v io u s  e x p o s u re s , an d  can  b e  s e e n  in s u b s e q u e n tly  a c q u ire d  d a rk  im a g e s . A lth o u g h  lag is a  re a l p ro b le m  fo r a -S e  A M F P Is ,  no th e o re tica l 
a p p ro a c h  h a s  b e en  d e v e lo p e d  to  e xp la in  it fo r e x te rn a lly  b ias e d  a -S e  d e te c to rs . W e  p rev ious ly  m o d e le d  th e  lag e ffe c t [3]. In th is  w o rk , th e  m e c h a n is m  o f lag is in ve s tig a ted  from  
first p rinc ip les , by so lv ing  k ine tic  e q u a tio n s  c h ara c te r iz in g , p h o to g e n e ra tio n , tra p p in g , an d  re le a s e  o f e le c tro n s  a n d  ho les . T h e  m e c h a n is m  is d e sc rib ed  by th e  d e n s ity  o f tra p p e d  
c h a rg e  a t th e  e n d  o f th e  irrad ia tion  p u ls e  in te rva l, a nd  th e  c u rren t d e n s ity  g e n e ra te d  by th e  c h a rg e  re le a s e d  fro m  th e  tra p p in g  s ites  a fte r  s topp ing  th e  irrad ia tion . W e  h a v e  ap p lie d  
th is  th e o re tic a l m o d e l to  th e  e x p e rim e n ta lly  m e a s u re d  lag d a ta  fo r  s e v e ra l x -ra y s  e n e rg ie s  a n d  d o s e s  d e liv e re d  by using a  M o n te  C a rlo  m e th o d .

1. S Steciw, T Stanescu, S Rathee, B G Fallone 2002 J. Phys. D 35 1-7
2. C Schroeder, T Stanescu, S Rathee, G Fallone Med Phys (in press)
3. T Stanescu, C Schroeder, S Steciw, S Rathee, G Fallone 2003 Med Phys 30 1390.

W E -P 1 2 - 6  1 6 h 4 5

F u n d a m e n ta l S p a tia l R e so lu tio n  L im its  in M e g a v o lta g e  X -ra y  D e te c to rs , J e r r y  J . B a t t is ta  1, G. H a jd o k  2 an d  I. C u n n in g h a m  3, 1 Lon d o n  R e g io n a l C a n c e r C en tre , 2 U n ivers ity  
o f W e s te rn  O n ta r io  an d  3 R o b a rts  R e s e a rc h  Institu te  —  A d v a n c e m e n ts  in h igh p rec is ion  ra d io th e ra p y  h a v e  p ro m p te d  th e  d e v e lo p m e n t o f b e tte r  im a g e  g u id a n c e  s y s te m s , such  
a s  o n -lin e  porta l a nd  C T  im ag in g . W e  p re se n t a  M o n te  C a r lo  s tudy in w h ich  th e  fu n d a m e n ta l sp atia l reso lu tion  lim its  im p o se d  by x -ra y  in te rac tio n s  w e re  d e te rm in e d  fo r d irec t c o n -
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v ers io n  a m o rp h o u s  s e le n iu m  (a -S e ) ,  tu n g ste n  (W ) a n d  lea d  iod ide  ( P b y ,  a n d  ind irect c o n ve rs io n  c e s iu m  iod ide  (C s I) d e te c to rs . U s ing  a  s im u la te d  in fin ites im a l x -ra y  b e a m , th e  
s p atia l d istribution  o f a b s o rb e d  e n erg y , o r point s p re a d  func tion  (P S F ),  in e a c h  d e te c to r  m a teria l w a s  sco re d  w ith in  re c tilin ea r bin s iz e s  o f 1 ' 1 m m 2 fo r inciden t x -ra y  e n e rg ie s  
b e tw e e n  1 an d  1 0  M e V . T h e  m od u la tio n  tra n s fe r  func tion  (M T F )  w a s  d e te rm in e d  fro m  e a c h  s im u la te d  P S F  an d  c h a ra c te r iz e d  in te rm s  o f th e  5 0 %  M T F  fre q u e n cy , 5  a n d  th e  
e ffe c tiv e  s am p lin g  a p e rtu re , a eff. E ac h  m a teria l d e m o n s tra te s  a  s im ila r fa ll-o ff pro file  fo r  th e  sp atia l reso lu tion  d e g ra d a tio n  w ith  in c re a s e  in m e g a v o lta g e  x -ra y  e n erg y . T h e  x -ray  
in te rac tio n s  re sp o n s ib le  fo r  th e  d e g ra d a tio n  inc lude  C o m p to n  s c a tte r  an d  p a ir/trip le t p roduction . T h e  fu n d a m e n ta l s p re a d  o f e n e rg y  fro m  C o m p to n  reco il e le c tro n s  an d  th e  s e c o n d ­
a ry  c h a rg e d  pa rtic le s  resu lting  fro m  p a ir/trip le t production  p rim arily  d ic ta te  th e  m a g n itu d e  o f th e  s p re a d . O n c e  th e s e  lim its h a v e  b e e n  re a c h e d , fu rth e r  in ve s tm e n ts  in n e w  d e te c to r  
d e s ig n  w ill not im p ro ve  im a g e  q ua lity  a n y  fu rther. In add itio n , th e  f5 0  a n d  a eff c u rve s  d e m o n s tra te  th a t tu n g ste n  (r  =  1 9 .3  g /c m 3) o ffers  th e  b est s p a tia l reso lu tion , in co m p aris o n  
w ith  a -S e , C s I, an d  P b ^  (r  =  4 .2 θ ,  4 .5 1 ,6 . 2 0  g /c m 3 re sp e c tive ly ). T h e re fo re , th e  fu n d a m e n ta l sp atia l reso lu tion  lim its a re  in d e p e n d e n t o f  a to m ic  n u m b e r, an d  d e p e n d e n t on m a te ­
rial density .

1 7 h 0 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P13] D a r k  M a t t e r  a n d  D a r k  E n e r g y  / WEDNESDAY, JUNE 16

(PPD-CASCA ) M a t i è r e  e t  é n e r g i e  n o i r e s MERCREDI, 16 JUIN
16h00 - 17h30

[ R o o m /S a l le  : C o lb o u r n e  ] C h a ir :  D . S c o tt ,  U B C

W E -P 1 3 -1  1 6 h 0 0

H E N K  H O E K S T R A , C IT A

A s tro p h y s ic a l E v id e n ce  F o r  D a rk  M a tte r

T h e  e v id e n c e  fo r d a rk  m a tte r  a s  a  s ig n ifican t c o n stitu en t o f th e  u n iv ers e  b a se d  on a s tro n o m ic a l o b s erv a tio n s  h a s  b e en  co m p e llin g  fo r a  long tim e . O b s e rv a t io n s  o f th e  rotation  
c u rv e s  o f g a la x ie s  a n d  th e  m otion  o f g a la x ie s  an d  g a s  in c lu s te rs  o f  g a la x ie s  prov id ed  th e  first c lu e s  a b o u t d a rk  m atte r. M o re  re ce n t p ro b e s  such  a s  w e a k  g ra v ita tio n a l lens ing  
h a v e  s ign ifican tly  im p ro ve d  o u r k n o w le d g e  a b o u t th e  a m o u n t a nd  d istribution o f  d a rk  m atte r. In th is  ta lk  I w ill re v ie w  th e  o b s e rv a tio n a l e v id e n c e  fo r d a rk  m a tte r  b a se d  on th e  v a r i­
e ty  o f p ro b e s  m e n tio n e d  a b o v e , focus in g  on th e  m o s t re ce n t d e v e lo p m e n ts . I w ill a ls o  d e m o n s tra te  h o w  n e w  o b s e rv a tio n s  a re  in co m p atib le  w ith  a lte rn a tiv e  th e o rie s  o f gravity , 
w h ich  h a v e  b e e n  p ro p o s ed  to  e xp la in  th e  o b s e rv a tio n s  w ith o u t th e  n e e d  o f d a rk  m atter.

W E -P 1 3 - 2  1 6 h 3 0

U B I W IC H O S K I,  G ro u p e  d e  P h y s iq u e  d e s  P artic u le  -  U n iv ers ité  d e  M o n tré a l

S ta tu s  o f  th e  D a rk  M a tte r  S e a rch

O u r p re se n t u n d e rs tan d in g  o f  th e  U n iv e rs e , b a se d  on th e  m ost re c e n t o b s e rv a tio n s , is th a t a p p ro x im a te ly  7 0 %  o f its e n e rg y  d e n s ity  is in th e  fo rm  o f d a rk  e n e rg y  an d  th e  rem a in in g  
3 0 %  in th e  fo rm  o f g rav ita tin g  m atte r. A c co rd in g  to  th e  b ig -b a n g  m o d e l o f cosm ology , on ly  a p p ro x im a te ly  1 5 %  o f th e  g rav ita tin g  m a tte r  in th e  U n iv e rs e  c an  be  m a d e  o f ba ryo n s . 
T h is  le a d s  to  th e  conclus ion  th a t 8 5 %  o f th e  m a tte r  c o n te n t o f th e  U n iv e rs e  is m a d e  o f n o n -b a ry o n ic  a n d , in th e  s e n s e  th a t it d o e s  not e m it nor a b s o rb  e le c tro m a g n e tic  rad ia tion , 
d a rk  m atte r. T h e  first sug g es tio n  fo r  th e  e x is te n c e  o f d a rk  m a tte r  a p p e a re d  m o re  th a n  7 0  y e a rs  a g o  to  e xp la in  th e  ro ta tion  c u rve s  o f th e  sp ira l g a la x ie s . N o w a d a y s , d a rk  m a tte r  is 
e x p e c te d  to  ex is t in s c a le s  rang in g  fro m  g a la c tic  to  c o sm o lo g ic a l. O n  th e  th e o re tic a l s id e , th e re  is a  pro fus ion  o f d a rk  m a tte r  c a n d id a te s , th e  m ajority  com ing  fro m  e x te n s io n s  o f 
th e  s ta n d ard  m o d e l o f pa rtic le  p hysics. T h e re  is a ls o  a  w e a lth  o f  e x p e rim e n ts  s ea rch in g  fo r  d a rk  m a tte r  both d irec tly  a n d  indirectly . In th is  ta lk  w e  w ill g ive  a n  o v e rv ie w  an d  d is ­
c u ss  fu tu re  p e rs p e c tiv e s  in th e  light o f re ce n t d e v e lo p m e n ts .

W E -P 1 3 - 3  1 7 h 0 0

W e a k  Le n sin g  by G a la x y  G ro u p s  a t In te rm e d ia te  R e d s h ift*  L a u r a  P a r k e r ,  U n ive rs ity  o f  W ate rloo  —  I in tend  to  p re se n t th e  resu lts  fro m  o u r w e a k  lens ing  su rve y  o f C N O C 2  
g a la x y  g roups . T h e  d e te c te d  s h e a r  is u sed  to  c a lc u la te  th e  M /L  o f th e s e  g ro u p s  an d  co n stra in  th e  m a tte r  d e n s ity  o f th e  u n iv ers e . T h e  m e a s u re d  ta n g e n tia l s h e a r  is a ls o  o f suffi­
c ie n t S /N  th a t it a llo w s  us, fo r  th e  first tim e , to  co n stra in  th e  D M  profile  o f g a la x y  g roups.

* This work is being supported by NSERC, ORDCF.

W E -P 1 3 - 4  1 7 h 1 5

R e s u lts  F ro m  L IG O ’s  S e c o n d  S c ie n c e  R un: A  S e a rc h  F o r C o n tin u o u s  G ra v ita tio n a l W a v e s *, M ic h a e l L a n d r y  fo r th e  L IG O  S c ie n tific  C o llab o ra tio n , L IG O  H a n fo rd  
O b se rva to ry /C a lte ch  —  T h e  L a s e r  In te rfe ro m e te r  G ra v ita tio n a l W a v e  O b s e rv a to ry  (L IG O ) w a s  o p e ra te d  fro m  F e b  14  -  A p r 14  2 0 0 3 , c o m pris ing  th e  s ec o n d  s c ie n c e  run fo r  th e  
pro jec t. T h e s e  d a ta  h a v e  b e en  a n a ly z e d  fo r e v id e n c e  o f g ra v ita tio n a l w a v e s  e m itte d  by s e v e ra l c la s s e s  o f po te n tia l s o u rce s , includ ing  co n tin u o u s  w a v e  s o u rc e s  s uch  a s  spinn ing  
neu tro n  s ta rs . A  b rie f o v e rv ie w  o f th e  in te rfe ro m e te rs  a n d  d e te c tio n  s c h e m e  is p re s e n te d , fo llo w ed  by a  d iscussion  o f th e  m e th o d o lo g y  an d  resu lts  o f th e  s e a rc h  fo r c o n tinuous  
g ra v ita tio n a l w a v e s . P la n s  fo r fu tu re  a n a ly s e s  a re  o u tlined .

* This work is being supported by National Science Foundation.

1 7 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P14] I m a g i n g  t h e  I n v i s i b l e  S p e c t r u m  -  C o n t r i b u t e d  / WEDNESDAY, JUNE 16

(CASCA ) I m a g e r i e  d a n s  l e  s p e c t r e  d e  l ' i n v i s i b l e  -  c o n t r i b u é e s MERCREDI, 16 JUIN
16h00 - 16h30

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  M . B ie te n h o lz ,  Y o rk  U.

W E -P 1 4 -1  1 6 h 0 0

C o ld  D u s t -  R a d io  C o n tin u u m  C o rre la tio n  in S p ira l G a la x ie s , R u p in d e r  B r a r  an d  J .A . Irw in , Q u e e n ’s  U n ive rs ity  —  A s ta r tl in g  n e w  corre la tio n  b e tw e e n  m e te r  w a v e le n g th  radio  
e m is s io n  a n d  s u b -m m  e m is s io n , d u e  to  cold  d u s t, in th e  d isks  an d  a t h ig h -la titu d e s  o f a  s a m p le  o f e d g e -o n  sp ira l g a la x ie s  is p re s e n te d . T h e  location  an d  ty p e  o f e m is s io n  indi­
c a te s  th a t th e  link is not v ia  s ta r  fo rm a tio n , o th e r  pos sib le  e x p la n a tio n s  a re  p re s e n te d . O b s e rv a t io n s  fo r  th e s e  resu lts  w e re  m a d e  w ith  th e  ne w ly  c o m is s io n ed  G ia n t M e tre w a v e  
R a d io  T e le s c o p e  (G M R T )  an d  th e  S u b m illim e tre  C o m m o n -U s e r  B o lo m e te r  A rra y  (S C U B A ) on th e  J a m e s  C le rk  M a x w e ll T e le s c o p e  (J C M T ). T h e  te c h n iq u e s  re q u ire d  to  im a g e  a nd  
a n a ly z e  m u ltip le  w a v e le n g th s  w ith  th e s e  c u ttin g -e d g e  te le s c o p e s  is d e sc rib ed .

W E -P 1 4 - 2  1 6 h 1 5

Im a g in g  o f th e  Y o u n g , E n e rg e tic  R a d io  P u ls a r  J 2 0 2 1 + 3 6 5 1  w ith  th e  C h a n d ra  X -ra y  O b s e rv a to ry , J a s o n  W .T . H e s s e ls  1, M .S .E .  R o b e rts  12, S .M . R a n s o m  1, V .M . K a sp i 1, 
C .-Y . N g  3, R .W . R o m a n i 3, P .C .C . F re ire  4, 1 M c G ill U n ive rs ity , 2 M IT , 3 S tan fo rd  U n iv ers ity  a n d  4 N A IC , A re c ib o  —  R o ta t io n -p o w e re d  pu ls ars  re le a s e  th e ir  spin  e n e rg y  in th e  
fo rm  o f p u ls a tio n s  an d  a  partic le  w in d . T h is  w ind  can  c re a te  strik ing  n e b u la e  a ro u n d  th e  pulsar. W e  p re se n t im ag in g  an d  tim ing  o b s e rv a tio n s  w ith  th e  C h a n d ra  X -ra y  O b s e rv a to ry  
o f th e  y o u n g  a n d  e n e rg e tic  p u ls a r P S R  J 2 0 2 1 + 3 6 5 1 . T h is  p u ls ar is a  p ro b a b le  s o u rce  o f g a m m a -ra y s , b e in g  c o in c id e n t w ith  th e  h ig h -e n e rg y  g a m m a -ra y  s o u rce  G e V  2 0 2 1 + 3 6 5 8  
s e e n  by th e  E G R E T  in s tru m en t o n b o a rd  th e  C o m p to n  G a m m a -R a y  O b s e rv a to ry . O u r  C h a n d ra  im a g e  re v e a ls  a  2 0  X  10  a s e c  n e b u la  w ith  an  e m b e d d e d  point s o u rc e , likely th e
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p u ls ar itself. W e  d isc u s s  th e  s p e c tru m  an d  m o rp h o lo g y  o f th is  n e w  pu ls ar w in d  n e b u la  a n d  c o m p a re  it to  o th e rs . C h a n d ra  tim ing  o b s e rv a tio n s  s h o w  pos sib le  X -ra y  pu lsatio n s  
fro m  th e  point s o u rc e  a t th e  ro ta tiona l period  p re d ic te d  by rad io  tim ing  o b s erv a tio n s . T h e  p o in t-so u rc e  e m is s io n  is m ost likely  th e rm a l, fro m  th e  n e u tro n -s ta r  s u rfa ce .

1 6 h 3 0  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P15] M i s c e l l a n e o u s  I n t r i g u e s  -  C o n t r i b u t e d  / WEDNESDAY, JUNE 16

(C ASC A ) I n t r i g u e s  d i v e r s e s  -  c o n t r i b u é e s MERCREDI, 16 JUIN
16h30 - 17h15

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  D . H a n e s , Q u e e n 's  U.

W E -P 1 5 -1  1 6 h 3 0

T h e  In itia l-F in a l M a s s  R e la t io n s h ip *. J a s o n jo t  K a lir a i  1, H . R ic h e r 1, P. B e rg e ro n  2, G. F a h lm a n  3 , B. G ib so n  4, B . H a n s e n  5, T. vo n  H ip p e l 6 , 1 U n ive rs ity  o f  B ritish  
C o lum b ia , 2 U n iv ers ité  d e  M o n tré a l, 3 H IA /N R C , 4 S w in b u rn e , 5 U C L A a n d  6 U n iv ers ity  o f  T e x a s  —  T h e  in itia l-final m a s s  re la tio n s h ip  re la te s  th e  m a s s  o f  a  w h ite  d w a rf s ta r  to  
its m a in  s e q u e n c e  p ro g e n ito r m a ss . T h e  re la tio n s h ip , d e s p ite  be in g  poorly  c o n stra in e d , is w id e ly  u sed  a s  input in s e v e ra l im p o rtan t a s tro p h ys ica l a re a s . T h e s e  inc lude  d e te rm in ­
ing th e  u p p e r m a s s  limit to  w h ite  d w a rf p roduction , co n stra in in g  th e  ra tes  o f ty p e  II S N e , b e tte r  u n d e rs tan d in g  s ta r fo rm a tio n  ra tes , d e te rm in in g  th e  c h e m ic a l e n r ic h m e n t o f th e  
IS M , a n d  co n stra in in g  th e  birth ra te s  o f neu tro n  s ta rs . W e  w ill d isc u s s  first resu lts  fro m  a  n e w  p ro g ra m  a t G e m in i to  in ve s tig a te  th e  w h ite  d w a rf in itia l-final m a s s  re la tionsh ip . 
P re lim in a ry  a n a ly s is  o f  m u lti-o b je c t s p ec tro s co p ic  o b s e rv a tio n s  o f v e ry  fa in t c a n d id a te  w h ite  d w arfs  in th e  rich, w ell s tu d ied , o p e n  s ta r c lu s te r N G C  2 0 9 9  w ill be  p re s e n te d .

* This work is being supported by NSERC.

W E -P 1 5 - 2  1 6 h 4 5

S im u la tin g  S p itz e r  3 -2 4 M ic ro n  C o lo u r-C o lo u r D ia g ra m s  Includ ing  R e d s h ift E v o lu tio n , A n n a  S a j in a 1, M .D . L a cy2 a n d  D . S c o tt1, 1U n ive rs ity  o f  B ritish  C o lum b ia  a n d  2S p itz e r  
S c ie n c e  C e n te r  —  W e  use  a  s im p le  p a ra m e triza tio n  o f th e  m id -IR  s p e c tra  o f  a  w id e  ra n g e  o f g a la x y  ty p e s  in o rd e r to  pred ic t th e ir  d istribution  in IR A C /M IP S  c o lo u r-co lo u r d ia ­
g ra m s . In particu lar, w e  d iscuss  th re e  b a s ic  ty p e s  by th e  e n e rg e tic a lly  d o m in a n t c o m p o n e n t in th e  3 -1 2 m ic ro n  re g im e : s te lla r-d o m in a te d , P A H -d o m in a te d , a n d  c o n tin u u m -d o m in a t­
e d  all s p re a d  o v e r th e  ra n g e  z ~ 0 - 1 .5 . T h is  a llo w s  us to  p re se n t co lo u r cu ts  p re fe ra b ly  s e le c tin g  h ig h e r redsh ift s o u rc e s  o f s p ec ific  ty p e , a s  w ell a s  to  d iscuss  pos sib le  te s ts  fo r re d - 
shift evo lu tio n  o f th e  a v e ra g e  S E D . W e  c o m p a re  o u r p re d ic tions  w ith  S p itz e r  F irst Look  S u rv e y  d a ta  re le a s e d  to  d a te .

W E -P 1 5 - 3  1 7 h 0 0

G e o d e tic  P re c e s s io n  A nd  T h e  S y s te m  G e o m e try  O f  P S R  B 1 5 3 4 + 1 2 , In g r id  H e le n  S ta ir s  1 , S .E . T h o rs e tt 2 a n d  Z .  A rz o u m a n ia n  3, 1 U n ive rs ity  o f  B ritish  C o lum b ia , 2 
U n iv ers ity  o f C a lifo rn ia  a nd  3 G o d d a rd  S p a c e  F light C e n te r  —  W e  h a v e  co n d u c ted  h ig h -p rec is io n  A re c ib o  o b s e rv a tio n s  o f th e  re la tiv is tic  d o u b le -n e u tro n -s ta r  b inary  p u ls ar  
B 1 5 3 4 + 1 2  s in c e  1 9 9 8 , w ith  d a ta  be in g  a c q u ire d  b iw ee k ly  an d  in roughly  a n n u a l 1 2 -d a y  c a m p a ig n s . T h e s e  o b s e rv a tio n s  s h o w  c le a r  e v id e n c e  o f  pu lse  profile  an d  po la riza tio n  
c h a n g e s  d u e  to  g e o d e tic  p re ce ss io n  o f  th e  p u ls a r ’s  spin  a x is , w h ich  is m isa lig n ed  w ith  th e  to ta l a n g u la r  m o m e n tu m  o f th e  s ys te m . W e  h a v e  a ls o  fo u n d  e v id e n c e  fo r  o rb ita l m o d u ­
lation  o f th e  pu lse  profile  d u e  to  th e  s p ec ia l-re la tiv is tic  e ffe c t o f a b e rra tio n . T h e  a b e rra tio n  d a ta  an d  p o la riza tio n  c h a n g e s  can  be  u sed  to  c a lib ra te  th e  s c a le  o f th e  lo n g -te rm  p re ­
c es s io n  e ffe c ts , resu lting  in th e  first q u a n tita tiv e  te s t o f th e  g e o d e tic  p re ce ss io n  ra te  in a  s tro n g -g ra v ity  s y s te m . In ad d itio n , th e s e  o b s e rv a tio n s  c o m p le te ly  co n stra in  th e  g e o m e try  
o f th e  b inary  s y s te m , w h ich  o th e rw is e  su ffe rs  fro m  m ultip le  a m b ig u itie s . W e  d isc u s s  im p lica tio n s  fo r a s y m m e tr ie s  in s u p e rn o v a  e xp lo s io n s  a n d  p ro s p ec ts  fo r ap p lic a tio n  to  o th e r  
d o u b le -n e u tro n -s ta r  s ys te m s.

1 7 h 1 5  S e s s io n  E n d s  /  F in  d e  la  s e s s io n

[WE-P16]

(CAP/ACP  )

C A P  C o u n c i l  M e e t i n g  ( N e w  a n d  O l d )  /

R é u n i o n  d u  C o n s e i l  ( n o u v e a u  e t  a n c i e n )  d e  l ' A C P

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

17h00 - 18h30

[ R o o m /S a l le  : C a m p a ig n  A  ] C h a ir :  M . M o rro w , M U N

[WE-P17]

(C ASC A )

C A S C A  C l o s i n g  a n d  A w a r d s  G i v e n  f o r  B e s t  S t u d e n t  P r e s e n t a t i o n s  /  

C l ô t u r e  e t  r e m i s e  d e s  p r i x  a u x  m e i l l e u r e s  p r é s e n t a t i o n s  d ' é t u d i a n t s  

d e  l a  C A S C A

WEDNESDAY, JUNE 16 
MERCREDI, 16 JUIN 

17h15 - 17h30

[ R o o m /S a l le  : C a m p a ig n  B  ] C h a ir :  J . E n g lis h ,  U .M a n ito b a

Thursday, June 17 Jeudi, 17 juin

TOURS FOR THE OBSERVATORY AND PLANETARIUM (CASCA)

U. of Manitoba Physics Alumni Reunion Events (to celebrate the 100th anniversary of the department) 

Meeting of the CAP/NSERC Liaison Committee (09h00 - 12h00) - Strathcona Room, Delta Hotel
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2004 CONGRESS POSTER SESSION ABSTRACTS 
RÉSUMÉS DES SESSIONS D’AFFICHES - CONGRÈS 2004

T h e  p o s t e r  s e s s i o n  a b s t r a c t s  p r e s e n t e d  h e r e  w i l l  b e  o n  d i s p l a y  in  t h i s  o r d e r  in  t h e  W i n n i p e g  C o n v e n t i o n  C e n t r e  in  W i n n i p e g ,  M a n i t o b a  f r o m  

1 9 h 0 0  -  2 2 h 0 0  o n  M o n d a y ,  J u n e  1 4 t h .  Les résumés présentés en affiches publiés ci-après seront en montre de 19h00 à 22h00, le lundi,
14 ju in dans le Centre de congrès à Winnipeg, Manitoba.

[MO-POS] CASCA Monday
Lundi

M O -P O S -1

T h e  Im p a c t o f C a n a d ia n  A s tro n o m y  a s  M e a s u re d  by C ita tio n s . D e n n is  R . C r a b tr e e  N R C -H IA  —  T h e  im pact o f  s cien tific  re s e a rc h  is o ften  m e a s u re d  by c itation  co u n ts . C ita tio n s  
d o  not m e a s u re  th e  qua lity  o f th e  sc ien tific  re s e a rc h  but a re  m o re  a  m e a s u re  o f  th e  re le v a n c e  o f  th e  re s e a rc h  to  o th e r  re s e a rc h e rs . C ita tio n  co u n ts  a re  fre q u e n tly  u sed  a s  o n c e  
p ie c e  o f in fo rm ation  in te n u re  d e c is io n s  a n d  a ls o  u sed  to  m e a s u re  th e  s tren g th  o f a  w h o le  re s e a rc h  c o m m u n ity  (a s  in th e  A s tro n o m y  Long R a n g e  P la n ). In th is  p o s te r I w ill c o m ­
p a re  th e  pub lica tion  an d  c itation record  o f C a n a d ia n  a s tro n o m y  g ro u p s  fro m  1 9 9 0  on w a rd .

M O -P O S -2

“Le ts  Ta lk  S c ie n c e  P a rtn e rs h ip  P ro g ra m ” P ro m o te s  S c ie n c e  in C a n a d ia n  S c h o o ls . V e s n a  M i lo s e v ic -Z d je la r ,  U n ive rs ity  o f  W inn ipeg  —  C a n a d ia n  un iv ers ities  pa rtic ip a te  in in itia ­
tiv e  d e v e lo p e d  to  p ro m o te  s c ie n c e  in sch o o ls  a n d  c o m m u n ity . A t s e v e n te e n  un iv ers ities , g ra d u a te  s tu d e n ts  (a s  w e ll a s  u n d e rg ra d u a te  s tu d e n ts  a t th e  U n iv ers ity  o f  W in n ip e g ), v o l­
u n te e r  to  s h a re  th e ir  k n o w le d g e , e xp e rtis e  a n d  e n th u s ia s m  w ith  e le m e n ta ry  an d  high s choo l s tu d e n ts , te a c h e rs  a nd  w id e  c o m m u n ity . T h ro u g h  p a rtn e rsh ip s  w ith  sch o o ls , s c ie n ce  
a n d  c h ild ren  m u s e u m s  a n d  scou t o rg a n iz a tio n s , o u r p ro g ra m  su ccess fu lly  re a c h e s  2 5  0 0 0  c h ild ren  e v e ry  y e a r. W e  w ill d e s c rib e  h e re  o u r p ro g ra m  a t th e  U n ivers ity  o f W in n ip e g  
a n d  its p lac e  in th e  n a tio n a l p ictu re

M O -P O S -3

D o ing  S c ie n c e  w ith  th e  S p itz e r  S p a c e  T e le s c o p e , P. B a r m b y , S .L a in e ,  M .L a c y ,  S p itz e r /IR A C  T e a m , H a rva rd -S m ith so n ia n  C e n te r fo r  A s trophys ics , S p itz e r S c ience  C e n te r  —
T h e  S p itz e r  S p a c e  T e le s c o p e , laun ch  in A u g u s t 2 0 0 3 , is w e ll into n o rm a l s c ie n c e  o p e ra tio n s . H e re  w e  g ive  an  o v e rv ie w  o f th e  c ap a b ilit ie s  o f th e  th re e  s c ie n c e  in s tru m en ts , sci­
e n c e  o p e ra tio n s , an d  th e  lo n g -te rm  s c h e d u le . S c ie n c e  p ro jec ts  fro m  th e  E arly  R e le a s e  O b s e rv a t io n s , F irst L o o k  S u rve y , an d  IR A C  in s tru m en t te a m ’s G u a ra n te e d  T im e  w ill be  
u sed  to  illustra te  th e  p o w e r o f S p itz e r  o b s erv a tio n s  fo r th e  s tudy  o f G a la c t ic  a n d  e x tra g a la c tic  s ta r fo rm a tio n , h ig h -red sh ift g a la x ie s , a n d  s te lla r p opu la tions .

M O -P O S -4

H IF I: T h e  H igh  R e so lu tio n  S p e c tro m e te r  fo r  H e rs c h e l* , M ic h e l F ic h , U n iv e rs ity  o f  W ate rloo  (on  b e h a lf o f th e  H IF I T e a m ) —  T h e  H e rs c h e l S p a c e  O b s e rv a to ry  w ill be  a  fac ility - 
c la s s  s p a c e  o b s e rv a to ry  o p e ra tin g  a t w a v e le n g th s  b e tw e e n  6 0  an d  6 7 0  m icrons . It w ill b e  la u n c h e d , w ith  th e  P la n c k  s a te llite , in 2 0 0 7  to  th e  s ec o n d  L a g ra n g ia n  point w ith  a  m in i­
m u m  life tim e  o f  th re e  y e a rs . T h e  H e rs c h e l te le s c o p e  w ill be  3 .5  m  in d ia m e te r  a n d  pass ive ly  c o o led  to  8 0 K . H IF I (th e  H e te ro d y n e  In s tru m en t fo r th e  F a r -In fra re d ) is a  h igh re s o ­
lution s p e c tro m e te r  a n d  o n e  o f th re e  fo c a l p lan e  s c ie n c e  in s tru m en ts  fo r H e rs c h e l. O n e  o f th e  p rim ary  p u rp o s es  o f  H e rs c h e l is to  s tudy a s tro ch e m is try  a n d  H IF I is th e  m a in  instru ­
m e n t fo r s tudyin g  a to m ic  a n d  m o le c u la r  s p ec tra l lines . T o g e th e r w ith  th e  C a n a d ia n  S p a c e  A g e n c y , a  co n so rtiu m  o f a p p ro x im a te ly  2 5  C a n a d ia n  a s tro n o m e rs  a re  con tribu ting  a 
c en tra l part o f th e  H IF I in s tru m en t (th e  Local O s c illa to r  S o u rc e  U n it, o r L S U )a n d , in re tu rn , a re  full p a rtn e rs  in th e  H IF I S c ie n c e  T e a m . T h is  p o s te r  o u tlin e s  th e  c u rren t s ta tu s  o f th e  
in s tru m en t d e v e lo p m e n t a n d  p re s e n ts  an  o v e rv ie w  o f th e  s c ie n c e  to  b e  c arried  out w ith  H IF I. It w ill a ls o  d e s c rib e  h o w  in te res te d  C a n a d ia n  sc ien tis ts  c an  jo in  th e  C a n a d ia n  
H e rs c h e l/H IF I C o n s o rtiu m  an d  b e c o m e  invo lved  in th e  m iss ion .

* This work is being supported by CSA.

M O -P O S -5

R e c e n t R e su lts  fro m  th e  O d in  S a te llite * , M ic h e l F i c h 1 an d  K .A . W o o d le y 2, 1 U n ive rs ity  o f  W a te rloo  a n d  2 M c M a s te r  U n ivers ity  —  O d in  is a  m m  an d  s u b m m  h e te ro d y n e  1 .1 m  
ra d io te le s c o p e  m o u n te d  on  a  s p a c e c ra ft la u n c h e d  on 2 0  F e b ru a ry  2 0 0 1 . It h a s  b e e n  d e v e lo p e d  in a  pa rtn e rsh ip  b e tw e e n  S w e d e n , C a n a d a , F in lan d  an d  F ra n c e . In th is  p o s te r w e  
report on  re ce n t resu lts  fro m  O d in , includ ing  a s e n s itive  s e a rc h  fo r m o le c u la r  o x yg e n  in in te rs te lla r c lo u d s , a  su rve y  o f th e  G a la c t ic  P la n e , a n d  a  d e ta ile d  s tudy  o f m o le c u la r  
p ro c e s s e s  in s e v e ra l s ta r fo rm ing  reg ion s.

* This work is being supported by NSERC and CSA.

M O -P O S -6

S P IR E :  H e re c h e ls  S u b m illim e tre  C a m e ra  a nd  S p e ç tro m e te r*· D a v id  N a y l o r 1, P. D a v is 1, J. D iF ra n c e s c o 2, M . H a lp e rn  3, P. M a rtin  4, D . S c o t t3 a n d  C . W ils o n  5, 1 U n ive rs ity  o f  
L e thb rid ge , 2 H IA , 3 U n iv ers ity  o f British C o lu m b ia , 4 U n ivers ity  o f Toronto  an d  5 M c M a s te r  U n ivers ity  —  T h e  H e rs c h e l S p a c e  O b s e rv a to ry  is an  E S A  c o rn ers to n e  m iss ion  d u e  fo r  
laun ch  in 2 0 0 7 , w h ich  w ill c o n d u c t as tro n o m ic a l o b s e rv a tio n s  a cro s s  th e  fa r-in fra re d  an d  s u b m illim etre  w a v e b a n d . It w ill c arry  a  pass ive ly  c o o led , low -em iss iv ity , 3 .5 -m  te le s c o p e  
a n d  w ill o p e ra te  a t th e  S u n -E a rth  L2 po in t fo r th re e  y e a rs , prov id ing  a larg e  a m o u n t o f ob s erv in g  tim e  a t w a v e le n g th s  unre s tric te d  by th e  te rres tria l a tm o s p h e re . T h e  instrum ent 
p a y lo a d  w ill b e  c oo led  w ith  a n  o n -b o a rd  s upp ly  o f liquid h e liu m , w h ich  d e te rm in e s  th e  life tim e  o f th e  m iss ion . C a n a d a  is invo lved  in both th e  S P IR E  an d  H IF I in stru m en ts  on  
H e rs c h e l. T h e  m a in  sc ien tific  g o a ls  o f  S P IR E  a re  d e e p  e x tra g a la c tic  an d  g a la c tic  im ag in g  s u rv e y s  a n d  s p ec tro s co p y  o f s ta r-fo rm in g  re g io n s  in o u r o w n  an d  n e a rb y  g a la x ie s . T h e  
S P IR E  in s tru m en t c o m p ris e s  a  3  an d  im ag in g  p h o to m e te r  a t s p ec tra l c h a n n e ls  a t 2 5 0 , 3 5 0 , a n d  5 0 0  um , a n d  an  im ag in g  F o u rie r  tra n s fo rm  s p e c tro m e te r  (F T S )  co ve rin g  th e  ra n g e  
2 0 0 -6 7 0 u m . T h e  F T S  e m p lo y s  a  d u a l-b e a m  con fig u ra tio n  w ith  b ro a d -b a n d  in tensity  b e a m  d iv id e rs . T h e  S P IR E  d e te c to rs  a re  fe e d h o rn -c o u p le d  neu tro n  tra n s m u ta tio n  d o p e d  
(N T D )  G e rm a n iu m  s p id e r-w e b  b o lo m e te rs . T h e  C a n a d ia n  con trib u tio n s  to  th e  S P IR E  in s tru m en t a re  (a ) a  m id -re so lu tio n  (R  » 1 0 0 0 ) b ro a d b an d  F T S  to  te s t a n d  qua lify  instrum ent 
m o d e ls , (b ) s o ftw a re  p a c k a g e s  to  d eg litch  th e  s ig n a l s tre a m , co rrec t fo r  th e  s p ec tra l re s p o n s e  o f th e  in s tru m en t, a nd  p ro c es s  th e  s p e c tro m e te r  d a ta , a n d  (c ) s ta ff e ffo rt fo r th e  
In s tru m e n t Test T e a m  an d  C o n tro l C e n tre . F ive  C a n a d ia n  re s e a rc h e rs  p a rtic ip a te  in th e  S P IR E  S p ec ia lis t A s tro n o m y  G ro u p s  a s  A s s o c ia te  S c ie n tis ts . T h e  C a n a d ia n  in vo lv e m e n t 
in th e  S P IR E  p ro jec t w ill be  d e sc rib ed .

* This work is being supported by CSA, NSERC.

M O -P O S -7

P ro to p la n e ta ry  D ust D is k  D y n a m ic s * , R o b in  H u m b le 1, S .T . M a d d is o n  2 a n d  J .R . M u rra y  2 , 1 C a nad ian  In s titu te  fo r  T h e o re tica l A s tro p h y s ic s  a n d  2 S w in b u rn e  C e n tre  fo r  A s tro  and  
S u p e rc o m p u tin g  —  W ith  a  v ie w  to  inves tigating  p la n e t fo rm a tio n  p ro c e s s e s  w e  h a v e  d e v e lo p e d  a  c o d e  fo r  s im u la tin g  a s tro p h ys ica l d u s ty -g a s  flo w s  in p ro to p la n e ta ry  d isks . O u r  
pa ra lle l th re e  d im e n s io n a l c o d e  in co rp o ra te s  g a s  h y d ro d yn am ics , s e lf-g rav ity  a n d  s e v e ra l g a s  d rag  p re sc rip tio n s  to  fo llo w  th e  d y n a m ic a l e vo lu tion  o f  a  tw o -p h a s e  d u s ty -g a s  m e d i­
um . W e  p re se n t resu lts  o f s o m e  c a lc u la tio n s  w ith  s u b m illim etre , c e n tim e tre  an d  m e tre  s ize d  dus t. D u s t d isk  life tim e s  an d  pos sib le  g a s  g ian t a n d  te rres tria l p la n e t fo rm a tio n  s c e ­
na rio s  a re  d isc u s se d .

M O -P O S -8

N e p tu n e ’s M ig ra tio n  into a  D y n a m ic a lly  H o t K u ip e r B e lt*, J o s e p h  H a h n  1 a n d  R . M a lh o tra  2, 1 S a in t M a ry ’s  U n ive rs ity  an d  2 U n ivers ity  o f A r iz o n a  —  T h e  e ffe c ts  o f  N e p tu n e ’s 
orb ita l e x p a n s io n  into a  d y n a m ic a lly  hot K u ip e r B elt is e x a m in e d  num e ric a lly . In  th e  m o d e l, a  to rq u e  is a p p lie d  to  N e p tu n e ’s  orb it cau s in g  it to  e x p a n d  9  A U  o u tw a rd s  a n d  into a  
stirred  up K u ip e r B elt c o m p o s e d  o f  1 0 4 m a s s le s s  partic les  hav in g  initial e cc en tric itie s  e ~ 0 .1 .  T h is  s y s te m  is in te g ra ted  o v e r  th e  a g e  o f  th e  S o la r  S y s te m , a n d  o u r resu lts  con firm  
C h ia n g  e t a l. ’s  (2 0 0 3 )  find ing  th a t m ig ration  into hot K u ip e r B e lt a llo w s  partic les  to  g e t tra p p e d  a t w e a k  m e a n  m otion  re s o n a n c e s  like th e  5 :2 . In d e e d , o u r h ig h e r-res o lu tio n  study  
o f th is  s c e n a rio  s h o w s  partic les  ge tting  tra p p e d  a t m a n y  o f  N e p tu n e ’s w e a k  re s o n a n c e s , includ ing  th e  1 3 :6 , 9 :4 , 7 :3 , 1 2 :5 , 8 :3 , 1 1:4 , 3 :1 , 7 :2 , 4 :1 , a ll o f  w h ich  re s id e  in th e  
5 0 < a < 8 0  A U  z o n e . M a n y  o f th e s e  tra p p e d  pa rtic le s  h a v e  s uch  high e cc en tric itie s  th a t th e y  a ls o  inhab it th e  d o m a in  u sually  iden tified  a s  th e  S c a tte re d  D isk. O f  c o u rse , g ra v ita tio n ­
a l sca tte rin g  by N e p tu n e  a ls o  p ro d u c es  a S c a tte re d  D is k  o f partic les , but m ost o f th e s e  partic les  a re  re m o v e d  o v e r  th e  a g e  o f th e  S o la r  S y s te m  during  s u b s e q u e n t e n c o u n te rs  w ith  
th e  p lan ets . In d e e d , insp ec tion  o f a ll pa rtic le s  w ith  s e m im a jo r  a x e s  5 0 < a < 8 0  A U  an d  e  > 0 .2 5  s h o w s  th a t a b o u t 9 0 %  w e re  tra p p e d  a t N e p tu n e ’s m ig rating  re s o n a n c e s , w ith  only  
10%  actu a lly  b e in g  s ca tte re d  by N e p tu n e . T h e s e  resu lts  m a y  a ls o  p rov id e  a n  e x p la n a tio n  fo r th e  ‘e x te n d e d ’ s c a tte re d  d isk  o f G la d m a n  et. al. (2002) ,  n a m ely , th a t s o m e  o f  th e s e  
K B O s  w e re  tra p p e d  a t an  e xo tic  re s o n a n c e  w ith  N e p tu n e  ra th e r  th a n  s c a tte re d .

* This work is being supported by CFI.
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M 0 -P O S -9

E vo lu tio n ary  M o d e ls  o f th e  roA p  s ta r H R  1 2 1 7 : M a g n e tic  F ie ld s  an d  P u lsa tio n  F re q u e n c ie s . C h r is to p h e r  C a m e r o n  1, J .M . M a t th e w s 1, M .S . C u n h a 2, D .B . G u e n th e r3 and  
W . W e is s 4, 1 U n ive rs ity  o f  B ritish  C o lum b ia , 2 C e n tre  fo r A s tro p h y s ic s  o f  th e  U n iv ers ity  o f P o rt, 3S a in t M a r y ’s  U n ivers ity  an d  4 U n ivers ity  o f  V ie n n a  —  S trong  m a g n e tic  fie ld s  
m e a s u re d  in th e  c h e m ic a lly  p e cu lia r A  s ta rs  o f th e  u p p e r m a in  s e q u e n c e  a re  b e lie ve d  to  b e  in tricate ly  linked  to  to  o b s erv e d  a b u n d a n c e  a n o m a lie s . In add itio n , a  s m a ll s u b s e t o f 
th e s e  s ta rs  a re  u n s ta b le  to  h ig h -o v e rto n e  p u lsations . T h e s e  s ta rs , know n  a s  rap id ly  oscillating  A p  (ro A p ) s ta rs , s h o w  e v id e n c e  th a t th e  m a g n e tic  fie ld  a ls o  h a s  a  strong in flu e n ce  
on  th e  o b s e rv e d  oscillation  fre q u e n c ie s . W e  p re se n t e vo lu tio n a ry  m o d e ls  fo r th e  p a rticu la r c a s e  o f  th e  roA p  s ta r H R  1 2 1 7  a nd  e s t im a te  th e  e ffe c t o f th e  m a g n e tic  fie ld  on th e  c a l­
c u la te d  oscillation  fre q u e n c ie s . W e  a ls o  s h o w  h o w  th e  o b s e rv e d  a b u n d a n c e s  in flu e n ce  c a lc u la tio n s  o f th e  te m p e ra tu re -o p tic a l d e p th  re la tion  fo r th is  star.
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Testing  S te lla r  E vo lu tion  T h e o ry : T h e o re t ic a l Lum inosity  F u n c tio n s  a n d  M 9 2 , B r ia n  C h a b o y e r ,  S .R . B jork, N .E .Q . P au s t, D a rtm o u th  C o lle ge  —  A M o n te  C a rlo  s im u la tio n  e x p lo r­
ing u n c e rta in tie s  in s ta n d ard  s te lla r evo lu tio n  th e o ry  on th e  red g ian t b ranch  o f m e ta l-p o o r g lo b u la r c lu s te rs  h a s  b e e n  c o n d u c te d . T h e  a n a ly s is  ta k e s  into a c c o u n t u n c erta in tie s  in 
th e  p rim ord ial h e lium  a b u n d a n c e , a b u n d a n c e  o f a lp h a -c a p tu re  e le m e n ts , ra d ia tiv e  an d  c o n d u c tive  o p a c itie s , n u c le a r  reac tion  ra tes , n e u trino  e n e rg y  lo ss e s, th e  tre a tm e n ts  o f  d iffu­
s ion  a nd  c o n ve c tio n , th e  s u rfa c e  b o u n d a ry  con d itio n s , an d  c o lo r tra n s fo rm a tio n s . T h e s e  th e o re tic a l lum inosity  fu n c tio n s  a re  c o m p a re d  th e  o b s e rv e d  lum inosity  func tion  o f M 9 2 .  
T h e  M 9 2  lum inosity  func tion  w a s  o b ta in e d  fro m  o b s e rv a tio n s  w h ich  c o m b in e  w id e  fie ld  (3 2  x  3 2  a rc -m in u te ) d a ta  fro m  th e  2 .4 m  te le s c o p e  a t M D M  O b s e rv a to ry  w ith  H S T  A C S  
im a g e s  o f th e  c en tra l 3  a rc -m in u te  c o re  o f M 9 2 . A c c u ra te  p h o to m etry  o f o v e r  2 5 ,0 0 0  s ta rs  a re  u sed  in th e  construction  o f th e  M 9 2  lum inosity  func tion .
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In P ursu it o f th e  R o tatio n  R a te s  o f W o lf -R a v e t S ta rs , A n d r e -N ic o la s  C h e n e  an d  N .S . S t-L o u is , U n ive rs ité  d e  M o n tre a l —  L e s  é to ile s  c h a u d e s  e t m a s s iv e s  on t un ta u x  d e  perte  
d e  m a s s e  trè s  im p o rtan t (ju s q u ’à  1 0 -5  M S o la ire  a n -1), s o u s  la  fo rm e  d ’un v e n t s te lla ire  e n g e n d ré  p a r la  p ress ion  d e  rad ia tio n  (fo rce  e x e rc é e  p a r la  lu m ière  s u r la m a tiè re ). L e s  
é to ile s  W o lf -R a y e t (W R ),  qu i son t les  d e s c e n d a n te s  d e s  é to iles  O  (le s  é to ile s  les  p lus  m a s s iv e s  d e  la  S é q u e n c e  P rin c ip a le  d e  b rû lag e  d ’h y d ro g è n e ), p o s s è d e n t les  v e n ts  s ta b le s  
les  p lus in te n s e s  (vo ir f ig .1 ). C e tte  é p a is s e  c o u ch e  d e  m a tiè re  no u s  e m p ê c h e  d e  v o ir  l’é to ile  e lle -m ê m e , d o n t il est, p a r  c e  fa it, d iffic ile  d ’en  d é te rm in e r  les  p a ra m è tre s . E n partic ­
u lier, le ta u x  d e  ro ta tion  d e s  é to ile s  W R  e s t p ra tiq u e m e n t inco nnu . C o m m e  d e s  m o d è le s  ré c e n ts  d ’é vo lu tion  s te lla ire  m o n tre n t q u e  le ta u x  d e  ro ta tion  e s t un p a ra m è tre  crucial 
d a n s  la  v ie  d e  c es  é to ile s  (M a e d e r  &  M e y n e t 1 9 9 6 ) , il e s t im p o rtan t d e  le  d é te rm in e r  p a r d e s  o b s erv a tio n s . O r, p o u r c e rta in e s  é to iles , il e s t m a in te n a n t b ien  c o n n u  q u e  d e s  pe rtu r­
b a tio n s  à  la  s u rfa c e , te l d e s  p u ls a tio n s  s te lla ire s  ou d e s  ta c h e s  m a g n é tiq u e s , s e  p ro p a g e n t d a n s  le v e n t en  e n g e n d ra n t d e s  s tru c tu res  à  g ra n d e  é c h e lle  qui ont un e  de n s ité  
in fé rie u re  ou s u p é rie u re  à  la m o y e n n e  (vo ir f ig .2 ). La  ro ta tion  e n tra în e  c e s  s tru c tu res , a p p e lé e s  R é g io n s  d ’in te rac tio n  e n  C o -ro ta tio n  (C lR  e n  a n g la is ), en  g é n é ra n t d e s  s p ira les  
d a n s  le  v e n t. C e la  s e  tra d u it p a r d e s  v a r ia tio n s  p é rio d iq u es  d a n s  les  ra ie s  s p e c tra le s  d ’é to iles  a p p a re m m e n t is o lé e s  (vo ir fig .3  tiré e  d e  la th è s e  d e  T .M o re l, 1 9 9 9 ) . E n é tu d ian t 
c e s  v aria tio n s , il e s t d o n c  pos sib le  d e  d é d u ire  le ta u x  d e  ro ta tion  d e s  é to ile s  W R , ta n t a tte n d u  p a r les  m o d è le s .
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D e fin in g  th e  O rb it a nd  D is ta n c e  to  W R 1 4 0 , S e a n  D o u g h e r t y 1, N .J . B o lin g b ro k e  1, A .J . B e a s le y 2 an d  M .J . C la u s s e n  3, 1 N a tio n a l R e se a rch  C o u n c il; 2 O V R O  a n d  3 N R A O  —  M illi- 
a rc s e c o n d  reso lu tion  V L B A  o b s e rv a tio n s  o f  th e  a rc h e ty p e  c o llid ing -w ind  W r + O  s ta r  b inary  s y s te m  W R 1 4 0  re v e a l th e  w in d -co llis io n  reg ion  a s  a  b o w -s h a p e d  a rc  o f  e m is s io n  tha t 
ro ta te s  a s  th e  h ighly e c c e n tric  orb it p ro g re ss e s  fro m  p h a s e  0 .7 4  to  0 .9 5  (B e a s le y  e t  al., in p re p ). A s su m in g  th a t th e  a rc  is s ym m e tric  a b o u t th e  lin e -o f-c e n tre s  o f th e  tw o  s ta rs  a nd  
“poin ts” a t th e  W R  star, th is  ro ta tion  s h o w s  th e  O  s ta r m ov ing  fro m  S E  to  a p p ro x im a te ly  E o f th e  W R  s ta r  b e tw e e n  th e s e  orb ita l p h a s e s . In con junctio n  w ith  o rb ita l p a ra m e te rs  
d e riv e d  fro m  rad ia l v e lo c ity  v a ria tio n s  (M a rc h e n k o  e t al. 2 0 0 3 , A p J  5 9 6 ,  1 2 9 5 ) a n d  th e  re ce n t IO T A  o b s erv a tio n  o f  both s te lla r c o m p o n e n ts  (M o n n ie r  e t  al. 2 0 0 4 , A p J L  6 0 2 , L 5 7 ) , 
th e  V L B A  o b s erv a tio n s  a llo w  us  to  c o n s tra in , fo r th e  first tim e , th e  inclination  o f th e  orbit p la n e  a s  1 2 2 ° ±  5°, th e  long itu d e  o f  th e  a s c e n d in g  n o d e  a s  3 5 3 °  ±  3°, a nd  th e  orbit s e m i­
m a jo r  a x is  a s  9 .0  ± 0 . 3  m a s . T h is  le a d s  to  a  robust d is ta n c e  e s t im a te  to  W R  1 4 0  o f  1 .8  ±  0 .1  kpc  a n d  m a s s  e s t im a te s  fo r  th e  c o m p o n e n ts  o f 2 0  ±  4  M o  fo r th e  W R  s ta r and  
5 4  ±  10  M o  fo r  th e  O  star.
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S e e k in g  th e  P ro g e n ito rs  o f M a g n e tic  A p /B p  s tars: D e te c tio n  o f  a  M a g n e tic  F ie ld  in T w o  H A E B E  S ta rs *, D o m in ic  D r o u in  1, S . B a g n u lo  2, J .D . L a n d s t re e t3, E . M a s o n  2,
D .N . M o n in  3 a n d  G .A . W a d e  \  1 R o y a l M ilita ry  C o lle ge  o f  C anada , 2 E S O  C h ile  an d  3 U n iv ers ity  o f  W e s te rn  O n ta r io  —  T h e  H e rb ig  A e /B e  (H A e B e ) s ta rs  a re  w id e ly  th o u g h t to  be  
th e  p re -m a in  s e q u e n c e  p ro g e n ito rs  o f th e  m a g n e tic  A p /B p  s tars . D u rin g  a  v e ry  re c e n t o b s erv in g  run a t th e  E S O  V LT, w e  c arried  ou t o b s e rv a tio n s  to  s e a rc h  fo r d irec t e v id e n c e  o f 
m a g n e tic  fie ld s  in th e  e n v e lo p e s  a nd  p h o to s p h e re s  o f a  s e le c te d  s a m p le  o f H A e B e  s ta rs . T h e  a n a ly s is  o f o u r d a ta  s h o w e d  a  4 σ  d e te c tio n  fo r 2  o f th e  14  ta rg e ts  o b s e rv e d . T h e s e  
resu lts  re p re s e n t a  b re ak th ro u g h  in o u r u n d e rs tan d in g  o f th e  n a tu re , orig in  a n d  evo lu tion  o f m a g n e tic  activ ity  in A  an d  B ty p e  s ta rs  by prov id ing  a  c ruc ia l link b e tw e e n  th e  m ain  
s e q u e n c e  m a g n e tic  s ta rs  an d  th e ir  p re -m a in  s e q u e n c e  c o u n te rp arts .

* This work is being supported by NSERC.
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N e w  Insigh ts  into P o la ris  th e  C e p h e id , D a v id  G . T u rn e r , S a in t M a ry ’s  U n iv e rs ity  —  T h e  N orth  S tar, P o la ris , an d  th e  a n o n y m o u s , poorly  p o p u la te d  s ta r c lu s te r in w h ich  it lies, h a ve  
b e e n  ta rg e t o b je c ts  in a  ne w ly  in itia ted  c a m p a ig n  o f p h o to m etric  o b s erv a tio n  using th e  B u rk e -G a ffn e y  O b s e rv a to ry  a t S a in t M a r y ’s  U n ivers ity . P o la ris  is o n e  o f th e  m ost cu riou s, 
o v e rlo o k e d , an d  m is in te rp re te d  o b je c ts  in th e  n ig h ttim e  sky. E v e n  its p re se n tly  re c o g n iz e d  s ta tu s  a s  th e  b righ test know n  c la s s ic a l C e p h e id  v a r ia b le  is o f fa irly  re ce n t orig in . Y e t fo r  
th e  last tw e n ty  y e a rs  P o la ris  h a s  p re se n te d  an  e n ig m a  o f m a jo r  c o n ce rn  to  v a r ia b le  s ta r  spec ia lis ts : its light a m p litu d e  h a s  b e en  d e c re a s in g  a t s uch  an  a la rm in g  ra te  th a t c oncern  
w a s  e x p re s s e d  th a t it m ight c e a s e  to  p u ls a te  en tire ly  s o m e  tim e  in th e  m id -1 9 9 0 s . A s  us u a l, P o la ris  s tubborn ly  d e fie s  a ll e xp e c ta tio n s . R e c e n t p h o to m etry  in d ica te s  th a t it c o n tin ­
u e s  to  p u ls a te  a t its s ta n d ard  ra te  o f o n c e  e v e ry  4  d a y s , but a t an  e x tre m e ly  low, p e rh a p s  still d e c re a s in g , lev e l. T h e  s ta r a ls o  exh ib its  a  rapid  ra te  o f period  c h a n g e  th a t ra is e s  
q u e s tio n s  a b o u t its e vo lu tio n a ry  s ta tu s  a n d  pu lsation  m o d e : is it in th e  first c ross ing  o f  th e  instability  strip  o r  p e rh a p s  th e  fifth c ro ss in g , d o e s  it p u ls a te  in th e  fu n d a m e n ta l m o d e  o r  
in an  e xc ite d  h a rm o n ic ?  S u ch  q u e s tio n s  a re  not e a s y  to  a n s w e r  w ith  certa in ty , a n d  th e  fa c t th a t th e  s ta r ’s  d is ta n c e  in fe rred  fro m  its H ip p a rc o s  p a ra llax  is p ro b a b ly  in a c c u ra te  d o e s  
not h e lp  th e  s itu atio n . M a in  s e q u e n c e  fitting fro m  its c lu s te r m e m b e rs h ip  a n d  n e w  s tu d ies  o f  its period  c h a n g e s  p ro v id e  a lte rn a te  e s t im a te s  fo r  its b as ic  p a ra m e te rs  th a t a p p e a r  to  
re so lv e  m a n y  o f  th e  q u e s tio n s  po s ed  a b o v e . A n d  th e  N orth  S ta r  is a ls o  an  exc iting  ob je ct o f  s tudy  fo r  a v id  v a r ia b le  s ta r e n th u s ias ts  w ith  p ro p e r e q u ip m e n t. W h e r e  e ls e  c an  you  
s e e  s te lla r e vo lu tion  occurring  right b e fo re  y o u r e y e s ?
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S y n th e tic  F lu x  S p e c tra  o f R o ta tio n a lly  D e fo rm e d  S ta rs , C . Ia n  S h o r t  an d  C a th e r in e  Lov ek in , In s titu te  fo r  C o m p u ta tio n a l A s tro p h y s ic s  a n d  D e p a rtm e n t o f  A s tro n o m y  a n d  P hysics, 
S a in t M a ry ’s  U n ive rs ity  —  D u e  to  g e o m e tr ic a l e ffe c ts  an d  v aria tio n  o f s te lla r p a ra m e te rs  o v e r  th e  s u rfa ce , th e  flux  s p e c tru m  o f a  s ta r  th a t is d e fo rm e d  by rap id  rotation m a y  d iffer 
sign ifican tly  fro m  th a t o f a  s p h eric a l s ta r o f s te lla r  p a ra m e te rs  th a t a re  fit to  th e  o b s e rv e d  flux  s p ec tru m . W e  h a v e  u sed  th e  s h a p e  a n d  v aria tio n  o f s te lla r p a ra m e te rs  co m p u te d  
w ith  a  fu lly  2 D  s te lla r e vo lu tion  c o d e  a nd  s yn th e tic  in te n sitie s  c o m p u te d  a s  a  func tion  o f e m e rg e n t a n g le  w ith  a  N L T E  s te lla r  a tm o s p h e re  a n d  s p e c tru m  s yn th es is  c o d e  (P H O E N IX )  
to  s y n th e s iz e  th e  flux  s p e c tru m  o f th e  rap id ly  ro ta ting  s ta r  a lp h a  E rid a n i. W e  c o m p a re  th e  flux  s p e c tru m  o f th e  ro ta tiona lly  d e fo rm e d  m o d e l to  th a t o f a  s p h e ric a l m o d e l fit to  th e  
o b s e rv e d  s p e c tru m  a n d  in ve s tig a te  th e  e ffe c t on d e riv e d  s te lla r  p a ra m e te rs  o f th e  m o re  rea lis tic  m od e lin g .
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R a p id  P h o to m e try  o f  V a r ia b le s  in th e  G lo b u la r  C lu s te r  M 5 5 , J a s o n  R o w e , C . C a m e ro n , J .M . M a tth e w s  an d  M . H u b e r, U n iv e rs ity  o f  B ritish  C o lum b ia  —  W e  p re se n t resu lts  from  
p h o to m etry  o b ta in e d  w ith  th e  8 m e tre  G e m in i-S o u th  te le s c o p e  fo r  th e  co re  o f  th e  g lo b u la r c lu s te r M 5 5 . O v e r  a  6 h our ob s erv in g  run , 2 2 0 0  im a g e s  w h e re  o b ta in e d  to  m e a s u re  th e  
light c u rve  s h a p e s  o f S X  P h e  ty p e  v a r ia b le s . T h e  s h a p e  p a ra m e te rs  a re  u sed  to  he lp  iden tify  p u lsation  m o d e s  fo r  a p p lic a tio n  to  fie ld  v a ria b le s .
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S p ec tra l M o d e lis a tio n  a n d  A n a ly s is  o f N G C 2 3 6 3 -V 1 , A n  E rrup ting  L B V *, V é r o n iq u e  P e t i t1, L .D . D ris se n  1 a nd  P .C . C r o w th e r2, 1 U n ive rs ité  L a v a l a n d  2 U n ivers ity  o f S h e ffie ld  —  I 
w ill p re se n t th e  resu lts  o f a  fo llo w  up s tudy o f th e  L B V  s ta r  N G C 2 3 6 3 -V 1  b e tw e e n  th e  y e a rs  1 9 9 7  a n d  2 0 0 3 . V 1 ,  d isc o v erd  in 1 9 9 4  by D ris se n  e ta l. ,  is p re se n tly  u n d e rg o in g  a  
m a jo r ou tb u rst, a s s o c ia te d  w ith  an  in c re a s e  in its m a s s  loss ra te . S p e c tra  o b ta ind  by th e  H u b b le  S p a c e  T e le s c o p e  w e re  m o d e le d  by th e  n o n -L T E  lin e -b la n k e te d  m ode l C M F G E N  
(H illie r an d  M ille r  1 9 9 8 ) to  ob ta in  th e  evo lu tio n  in th e  p hysica l p a ra m a te rs  o f th is  incred ib le  star.

* This work is being supported by Laurent Drissen.
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S e lf-C o rre la tio n : A  U s e fu l N e w  Tool fo r A n a ly z in g  th e  P h o to m e tric  V ariab ility  o f T T a u r i  S ta rs *, J o h n  P e r c y 1, W .K . G r y c 1, W . H e r b s t2 an d  J .C .Y . W o n g  1, 1 U n ive rs ity  o f  Toronto  
a n d  2W e s le y a n  U nivers ity , M id d le to w n  C T  —  T  Tauri s ta rs  a re  irre g u la r v a r ia b le  s ta rs  in an  e a r ly  p h a s e  o f evo lu tion  w h e re  g ra v ita tio n a l c o n traction  to  th e  m a in  s e q u e n c e  is still 
ta k in g  p lac e . T h e  (p h o to m etric ) varia b ility  is c o m p le x , a nd  ta k e s  p lac e  on a  v arie ty  o f  tim e s c a le s , d u e  to  a  v a r ie ty  o f physica l p ro c e s s e s . T h e re  is lo w -lev e l p eriod ic  p h o tom etric  
variab ility , d u e  to  th e  ro ta tion  o f th e  s ta r  w ith  a c tiv e  re g io n s  on its s u rfa c e . T h e  period ic ity  is u sually  in ve s tig a ted  by F o u rie r  a n a ly s is , but, e sp e c ia lly  if th e  a c tiv e  re g io n s  a re  n o n ­
p e rm a n e n t, th is  m e th o d  m a y  fa il. In th is  pa p er, w e  u s e  s e lf-co rre la tio n  a n a ly s is  a s  an  a d ju n c t to  F o u rie r  a n a ly s is . S e lf-c o rre la tio n  a n a ly s is  d e te rm in e s  th e  c y c le -to -c y c le  b e h a v ­
iour o f th e  star, a v e ra g e d  o v e r  a ll th e  d a ta . T h e  d a ta  c o m e  fro m  an  o n -lin e  a rc h iv e  o f  T  Tauri ph o to m etry , m a in ta in e d  by W . H e rb s t. U s in g  s e lf-co rre la tio n , w e  h a v e  re a n a ly z e d  T  
Tauri s ta rs  w ith  know n  pe rio d s , to  v erify  th e  pe rio d s  an d  th e  ap p licab ility  o f  th e  te c h n iq u e . W e  h a v e  th e n  a p p lie d  s e lf-co rre la tio n  to  T  Tauri s ta rs  w h o s e  pe rio d s  (if a n y ) a re  u n c e r­
ta in  o r un k n o w n . T h e  resu lts  w ill be  d e s c rib e d .

* This work is being supported by NSERC Canada.
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A to m ic  D a ta  fo r  R e s o n a n c e  L in e s , D o n a ld  C . M o r to n , H e rzb e rg  In s titu te  o f  A s tro p h ys ics , N a tio n a l R e sea rch  C o u n c il o f  C a nada  —  R e s o n a n c e  lines , i.e . th o s e  tra n s itio n s  invo lv ­
ing th e  ground  s ta te  o r e xc ite d  lev e ls  o f th e  g ro u n d  te rm , h a v e  a  s p ec ia l ro le  in as tro p h ys ics  b e c a u s e  th e y  w ill d o m in a te  th e  s p e c tra  o f re g io n s  o f low  partic le  a n d  rad ia tio n  d e n s i­
tie s  such  a s  in te rs te lla r a n d  in te rg a la c tic  g a s  a s  w e ll a s  s te lla r  an d  Q S O  w in d s . T h u s  having  re lia b le  d a ta  on th e  w a v e le n g th s  an d  trans ition  p rob a b ilitie s  o f re s o n a n c e  lin es  is 
c en tra l to  m a n y  a s tro p h ys ica l in ve s tig a tio n s . T h is  p a p e r  s u m m a riz e s  th e  p re se n t s ta tu s  o f th e  a u th o r ’s  e fforts  to  p rov id e  c ritica l c o m p ila tio n s  o f th e s e  d a ta . U n d e r  th e  g e n e ra l title  
o f “A to m ic  d a ta  fo r R e s o n a n c e  A b s o rp tio n  L in e s ” th e re  a re  th re e  p ap ers :

II . W a v e le n g th s  L o n g w a rd  o f th e  L ym an  Lim it fo r  H e a v y  E le m e n ts  (G e  to  U ), 2 0 0 0  A p J S  1 3 0 , 4 0 3 ;
III. W a v e le n g th s  L o n g w a rd  o f th e  L ym an  Lim it fo r th e  E le m e n ts  H y d ro g e n  to  G a lliu m , 2 0 0 3  A p J S  1 4 9 , 2 0 5  -  an  u p d a te  o f P a p e r  I pub lish ed  in 1991  ; and
IV. W a v e le n g th s  b e tw e e n  th e  L y m an  Lim it a n d  1 0 0  Â  fo r th e  E le m e n ts  H e liu m  to  G a lliu m , in p re p ara tio n .

E x p e rim e n ta l trans ition  p rob a b ilitie s  (A u)  fo r th e  e x tre m e  u ltrav io le t reg ion  c o v e re d  in P a p e r  IV  a re  s c a rc e , but fo rtu n a te ly  ab  in itio  th e o re tic a l m u ltico n figuration  c a lc u la tio n s  now  
c an  a c c u ra te ly  p red ic t th e  lab o ra to ry  e n e rg ie s  a n d  g ive  A -v a lu e s  c o n s is te n t w ith  lab o ra to ry  m e a s u re m e n ts  w h e re  c h e c k s  a re  pos sib le  a t lo n g e r w a v e le n g th s . T h e  d a ta  in P a p e r  IV  
a re  particu la rly  re le v a n t to  th e  s tudy o f ab so rp tio n  lin es  in h ig h -re d s h ift Q S O s .
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T h e  D e g re e  o f C o n ta c t a n d  O th e r  P ro p e rtie s  o f B inary  S ta rs  w ith  C o m m o n  E n v e lo p e s *, S te fa n  M o c h n a c k i,  U n ive rs ity  o f  Toronto  —  A  co m p ila tio n  o f m o d e ls  fitted  using  both  
p h o to m etric  an d  s p ec tro s co p ic  d a ta  is a n a ly s e d  using th e  c o n c e p ts  o f m e a n  density , m in im u m  period  a n d  tra n s fe r-c o rre c te d  p rim ary  te m p e ra tu re . T h e  te n d e n c y  o f W  U M a  s ys ­
te m s  to  h a v e  co m m o n  e n v e lo p e s  c lo s e  to  th e ir  in n e r R o c h e  s u rfa c e s  is sh o w n  to  be  be  a  c lo s e n e s s  in ra d iu s  ra th e r  th a n  a  func tion  o f  fill-out fac to r. T h is  a llo w s  th e  u s e  fo r  e v o lu ­
tio n a ry  s tu d ies  o f s y s te m s  fo r  w h ich  on ly  s p ec tro s co p ic  m a s s  ra tios  a re  a v a ila b le  w ith o u t p h o to m etric  so lu tions; th e  n e w  D D O  s a m p le  o f s p ec tro s co p ic a lly  o b s erv e d  s y s te m s  is 
a n a ly s e d . A n  a n a ly s is  o f th e  re c e n t P r ib u lla -K re in e r-T re m k o  c a ta lo g u e  is a ls o  p re se n te d .

* This work is being supported by NSERC. 
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2 D -M o d e llin g  o f th e  R o tatio n  o f a  R a p id ly  R o tatin g  B e  s ta r , C . L o v e k in  an d  R .G . D e u p re e , In s titu e  fo r  C o m p u ta tio n a l A s tro h p ys ics , S t M a ry ’s  U n ive ris ty  —  R e c e n t in te rfe ro m etric  
o b s e rv a tio n s  o f th e  B e  s ta r A c h e rn a r  (H D 1 0 1 4 4 )  h a v e  fo u n d  it to  be  e x tre m e ly  o b la te , w ith  an  a x is  ra tio  o f 2 a /2 b  =  1 .5 6  ±  0 .0 5 ,  w h e re  a  an d  b a re  th e  b e st fit to  th e  s e m im a jo r  and  
s e m im in o r a x e s  fo r  th e  s u rfa c e  s h a p e . T h is  ra tio  is v ery  c lo s e  to  th e  lim it o f 1 .5  fo r a  solid  body  a t critical ro ta tion . B a se d  on  s te lla r m o d e ls , A c h e rn a r  is a  la te  m a in  s e q u e n c e  s ta r  
a n d  p ro b ab ly  should  not be  e x p e c te d  to  be  ro ta ting  a s  a  solid  body. W e  h a v e  m o d e lle d  rap id ly  ro ta ting  s ta rs  to  a tte m p t to  re p ro d u c e  th e  o b s e rv e d  p ro p e rties  o f A c h e rn a r  using  a  
2 D  s te lla r evo lu tio n  c o d e . T h e  s u rfa c e  o f th e  m o d e l is a s s u m e d  to  be  an  e q u ip o te n tia l. C a lc u la te d  m o d e ls  ro ta ting  a t c ritica l v e lo c ity  on  th e  Z A M S  h a v e  a p p re c ia b ly  lo w e r s u rfa ce  
v e lo c itie s  w h e n  th e  o b s e rv e d  T e« a n d  L o f A c h e rn a r  a re  re a c h e d . T h e s e  m o d e ls  fa il to  m a tch  th e  o b s erv e d  o b la te n e s s , w ith  ra tios  o f 2 a /2 b  o f 1 .2 7  to  1 .3 6 , d e p e n d in g  on th e  incli­
na tio n . W e  h a v e  a ls o  ca lcu la teedff m o d e ls  w h o s e  rotation ra te  in c re a s e s  to w a rd s  th e  ro ta tion  a x is  an d  is c o n stan t on cy lin d e rs . T h e s e  law s  do  m a k e  th e  s te lla r s u rfa c e  m o re  
o b la te , a lth o u g h  th e  in c re a s e  in o b la te n e s s  is insu ffic ient to  m atch  th e  o b s erv a tio n s
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T h e  S tru c tu re  o f  C lo s e  B in a rie s  in 2 D , A . I .  K a r a k a s , a n d  R .G . D e u p re e , ICA, S a in t M a ry ’s  U n ive rs ity  —  P re v io u s  s tu d ies  o f th e  evo lu tio n  o f c lo s e  b inary  s y s te m s  h a v e  a s s u m e d  
th a t e a c h  c o m p o n e n t is sph eric a lly  s y m m e tric , e v e n  if it fills it’s  R o c h e  lobe . R o tatio n  a n d  tida l in te rac tio n s  w ill c a u s e  th e  s tru c tu re  to  d e v ia te  fro m  s p h eric a l s ym m e try  but it w a s  
not know n  in de ta il h o w  la rg e  th is  d istortion  w ill be . U s in g  a  s ta te -o f-th e -a rt 2 D  s te lla r s tru c tu re  c o d e , w e  s tu d y  th e  d e p a rtu re  fro m  s p h eric a l s y m m e try  on th e  s tru c tu re  o f  an  z e ro -  
a g e  m a in  s e q u e n c e  m o d e l o f s o la r co m p o s itio n  (Z  =  0 .0 2 ) .  W e  a s s u m e  th a t th e  c o m p an io n  is a  g ra v ita tio n a l point s o u rc e  a nd  in a  c irc u la r orb it. W e  p re se n t p re lim in a ry  resu lts  o f 
th e  s tru c tu re  o f a n  8M o  prim ary  w ith  a  5 M o  p o in t-so u rc e  s e c o n d a ry  c o m p a n io n . W e  h a v e  a ls o  b e g u n  to  s tudy  th e  e ffe ct o f  th e  p rim ary  on  th e  s ec o n d a ry , by c a lc u la tin g  th e  c a s e  
w ith  5 M o  w ith  an  8M o  c o m p a n io n . In e a c h  c a s e  w e  a s s u m e  th a t th e  s ep a ra tio n  is 2 0 R o . W e  p lan  to  pe rfo rm  e vo lu tio n a ry  c a lc u la tio n s  on th e s e  m o d e ls , evo lv in g  to  th e  point 
w h e re  th e  p rim ary  fills  it’s  R o c h e  lobe . A t th is  point th is  m o d e l m a y  s e rv e  a s  a  s tarting  point fo r a  s tudy o f m a s s  loss fro m  th e  p rim ary . F u tu re  w o rk  w ill be  to  s tudy th e  e ffe c t e ac h  
b inary  s ta r h a s  on th e  s truc tu re  o f th e  o th e r by a s s u m in g  th a t n e ith e r  s ta r  is a  g ra v ita tio n a l point s o u rc e  an d  c a lc u la tin g  th e  s truc tu re  o f both c o m p o n e n ts  s im u lta n e o u s ly .
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T h e  F a in t E n d  O f  T h e  Lum inos ity  Function  In T h e  C o re  O f T h e  C o m a  C lu s te r: A  D a ta  M in in g  C a s e  S tu d y , M a r g a r e t  L. M iln e  a n d  C .J . P ritch e t, U n ive rs ity  o f  V icto ria  —  W e  
p re se n t op tical m e a s u re m e n ts  o f th e  fa in t e nd  o f  th e  lum inosity  func tion  (L F ) in th e  c o re  o f th e  C o m a  c lus te r. T h e  a rc h iv e s  o f th e  H u b b le  S p a c e  T e le s c o p e  w e re  m in ed  fo r im a g e s  
o f th e  C o m a  c lu s te r an d  o f th e  fie ld ; n u m b e r co u n ts  w e re  d e te rm in e d  fro m  th e s e  an d  u sed  w ith  th e  m e th o d  o f s ta tistica l b a ck g ro u n d  su b tra ctio n  to  d e te rm in e  th e  lum inosity  fu n c ­
tion  to  m R =  2 5 .7 5 .  T h is  is th e  fa in te s t d e te rm in a tio n  o f  C o m a ’s L F  to  d a te , an d  a ls o  m a rk s  th e  first tim e  th a t H S T  im a g e s  h a v e  b e e n  u sed  to  construct C o m a ’s LF. E v id e n c e  is 
fo u n d  fo r  a  s te e p  fa in t en d  s lo p e  w ith  a lp h a  a p p ro x im a te ly  e q u a l to  -2 . T h e  p ro c es s  o f  c rea tin g  th e  L F  an d  th e  im p lica tions  o f th e  resu lt w ill b e  d isc u s se d , w ith  an  e m p h a s is  on  th e  
ro le  d a ta  m in ing  c an  p lay  in th is  fie ld  o f study.

M O -P O S -2 4

S te lla r  A tm o s p h e re s  w ith  A b u n d a n c e  S tra tific a tio n s , D m itr y  M o n in  a n d  F. L e B la n c , U n ive rs ité  d e  M o n c to n  —  S trong n o n -u n ifo rm  d is trib u tions  o f c h e m ic a l e le m e n ts  a s  a  function  
o f op tical d e p th  (i.e. c h e m ic a l s tra tifica tio n ) a re  o b s erv e d  in s o m e  c h e m ic a lly  p e c u lia r  s ta rs . D iffusion  p ro c e s s e s  acting  in th e ir  a tm o s p h e re  is m ost likely re sp o n s ib le  fo r th e  s tra ti­
fic a tio n . M o d e l a tm o s p h e re s  including s e lf-co n s is ten t v ertic a l e le m e n t a b u n d a n c e  g ra d ie n ts  p ro d u c ed  by d iffusion  a re  p re s e n te d  h e re . T h e s e  m o d e ls  a re  b a s e d  on a  m odified  
v ers io n  o f th e  m u lti-p u rp o s e  a tm o s p h e ric  c o d e  P H O E N IX . T h e  c h a n g e s  to  th e  a tm o s p h e ric  s truc tu re  d u e  to  th e  a b u n d a n c e  g ra d ie n ts  a re  s h o w n . P o ss ib le  a p p lic a tio n s  to  d iffe ren t 
s ta rs  a re  a ls o  d isc u s se d .
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P ro b in g  S u n s p o t M a g n e tic  F ie ld s  w ith  S o la r  O s c illa tio n s , A s h le y  C r o u c h  1 a n d  P .S . C a l ly 2, 1 U n ive rs ité  d e  M o n tré a l a n d  2M o n a s h  U n ivers ity  —  S u n s p o ts  a b s o rb  an d  s c a tte r  
in c id en t f-  an d  p -m o d e s . U ntil recen tly , th e  re sp o n s ib le  ab so rp tio n  m e c h a n is m  w a s  u n c erta in . T h e  m ost p rom is ing  e x p la n a tio n  a p p e a rs  to  b e  c o n ve rs io n  to  s lo w  m a g n e to a ­
co u stic -g ra v ity  w a v e s  a n d  A lfv e n  w a v e s , w h ich  c arry  e n e rg y  d o w n  th e  m a g n e tic  fie ld  lines  into th e  interior. A s su m in g  un ifo rm  v ertic a l m a g n e tic  fie ld , th is  m e c h a n is m  e as ily  
e x p la in s  f -m o d e  a b so rp tio n , but c an n o t fu lly  a c c o u n t fo r o b s e rv a tio n s  o f (h ig h e r o rd e r) p -m o d e s . R e c e n t c a lc u la tio n s  s h o w  th a t p -m o d e  ab so rp tio n  p ro d u c ed  by s im p le  sunspo t 
m o d e ls  w ith  n o n -ve rtica l m a g n e tic  fie ld s  is a m p le  to  e x p la in  th e  o b s e rv a tio n s . In fa c t, th e  re su lta n t p -m o d e  s ca tte rin g  by such  m o d e ls  is in re m a rk a b le  a g re e m e n t w ith  o b s e rv a ­
tio n s . T h is  e x c e lle n t a g re e m e n t a llo w s  s o m e  d e g re e  o f prob ing  o f s u b s u rfa c e  m a g n e tic  fie ld  s tren g th s  ( i .e ., v is u a liz in g  th e  inv is ib le ). H e re , w e  p re se n t resu lts  fro m  th e  best 
s u n sp o t m o d e ls  cu rren tly  a v a ila b le  a n d  d iscuss  th e ir  im p lic a tio n s  fo r s u b s u rfa c e  m a g n e tic  fie ld  s truc tu re .
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M o d e ls  o f R o tating  D e lta  S cu ti S ta rs , R . D e u p r e e , In s titu te  fo r  C o m p u ta tio n a l A s tro p yh ys ics  a n d  D e p a rtm e n t o f  A s tro n o m y  a n d  P hys ics , S a in t M a ry ’s  U n ive rs ity  —  D e lta  S cuti 
s ta rs  a re  v ie w e d  a s  p rim e  c a n d id a te s  fo r  prob ing  th e  in te rn a l s tru c tu re  o f s ta rs  by m a tch in g  m u ltip le  p u lsation  m o d e s . T h e  ta s k  is fo rm id a b le  b e c a u s e  m o d e  id en tifica tion  is not 
triv ia l w h e n  th e re  a re  on ly  a  c o m p a ra tiv e ly  s m all n u m b e r o f m o d e s  o b s e rv e d  an d  b e c a u s e  a  n u m b e r o f  d e lta  S cu ti s ta rs  ro ta te  su ffic iently  rap id ly  th a t th e ir  s truc tu re  c an n o t be  
m o d e le d  w ith  th e  s a m e  d e g re e  o f  c o n fid e n ce  a s  c an  th e  s tru c tu re  o f n o nro tating  s ta rs . T h is  w o rk  p re s e n ts  a  first s te p  w ith  th e  full 2 D  calc u la tio n  o f ro ta ting  m o d e ls  o f d e lta  S cu ti 
s ta rs . It is e x p e c te d  th a t th e s e  m o d e ls  w ill fo r th e  b a s is  o f c a lc u la tin g  rigorous  linear, a d ia b a tic , no n ra d ia l pu lsation  pe rio d s  using th e  a p p ro a c h  o f C le m e n t (A p J S , 116 , 5 7 ) .  
P u lsa tio n  m o d e  resu lts  fo r  Z A M S  m o d e ls  fo r  p re s e n te d  fo r s e v e ra l rotation ra tes .
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C a u s a lity  a n d  th e  C o llim atio n  o f  A s tro p h y s ic a l J e ts * , H e a th e r  C a m e r o n  a nd  C .D . M a tz n e r , U n ive rs ity  o f  Toronto  —  C o llim a te d  je t-lik e  o u tflow s  a re  a s s o c ia te d  w ith  m a n y  a s tro -  
physica l ob je c ts , rang in g  fro m  p ro to s te lla r o b je c ts  to  a c tiv e  g a la c tic  nuc lei. A lth o u g h  m a g n e tic  fie ld s  a re  im p lic a ted  in lau n ch in g  a nd  s h ap in g  th e s e  flow s , a n d  m a n y  th e o re tica l 
m o d e ls  h a v e  b e e n  o ffe re d  fo r  th e m , fu n d a m e n ta l q u e s tio n s  re m a in  to  be  re so lv ed . W h a t, fo r in s tan c e , is n e c e s s a ry  fo r co llim ation  —  w o u ld  th e  S o la r  w in d  c o llim a te  if th e re  w e re  
no  h e lio p a u s e ?  In both N e w to n ia n  an d  re la tiv is tic  w in d s , co llim ation  re q u ire s  c au sa lity : in fo rm ation  m ust c ro ss  s tre a m lin e s . A t th e  s a m e  tim e , in fo rm ation  flo w  is restric ted  by th e  
a c c e le ra tio n  th a t a c c o m p a n ie s  co llim a tio n . W e  u s e  th e  m e th o d  o f c h a ra c te ris tic s  to  d e r iv e  p re lim in a ry  resu lts  on th e  links b e tw e e n  co llim a tio n , a c c e le ra t io n , a n d  th e  c a u s a l s truc ­
tu re  o f m a g n e tiz e d  w in d s .

* This work is being supported by University of Toronto.
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T h e  R e la tio n  B e tw e e n  S u p e rm a s s iv e  B lack  H o le s  a n d  th e ir  E n v iro n m e n ts * , X .Y . D o n g  a n d  M .M . D e  R o b e rtis , Y ork  U n ive rs ity  —  In o rd e r to  s tudy th e  orig in  an d  m a in te n a n c e  
o f activ ity  in g a la c tic  n uc lei, w e  c o n s id e r a  s a m p le  o f 118  sp ira l g a la x ie s  fro m  a  v arie ty  o f m o rp h o lo g ic a l s ta g e s  fro m  H o  e t al. (1 9 9 7 ) to  s e a rc h  fo r c o rre la tio n s  a m o n g  ac tiv e  
p a ra m e te rs  s uch  a s  e m is s io n -lin e  p ro p e rties , a n d  p a ra m e te rs  a s s o c ia te d  w ith  th e  hos t ga la x y . A fte r  first c a lib ra tin g  a  K -b a n d  re la tion  b e tw e e n  th e  bu lg e  a n d  c en tra l b lack  hole  
m a s s e s : L o g ^  [M d H /  M SuJ  =  ( -0 .4 1 3  ±  0 .0 6 1 )  M k  +  ( -1 .7 0 4  ±  1 .4 4 2 ) , w e  d e te rm in e  th e  c en tra l b lac k  ho le  m a s s e s  fo r th e s e  g a la x ie s  fro m  K -b a n d  bu lg e  m a g n itu d e s  M k  m e a s ­
u red  fro m  2M A S S  d a ta , an d  using th e  tw o -d im e n s io n a l d e co m p o s itio n  rou tine  G A L F IT . T h e  p a ra m e te rs  th a t c o rre la te  e x tre m e ly  w e ll w ith  b la c k -h o le  m a s s  include: n a rro w  e m is ­
s io n -lin e  w id th , v a rio u s  e m is s io n -lin e  ra tios, a nd  th e  in c lin a tio n -c o rrec te d  21 c m  line w id th  fo r th e  g a la c tic  d isk . A  list o f o th e r  pa irs  o f p a ra m e te rs  th a t s h o w  goo d  c o rre la tio n s  a ls o  
d e s c rib e d . T h e  IR A S  2 5 , 6 0  a n d  1 0 0  μ m  lum inosities  c o rre la te  w e ll w ith  th e  H a  (n a rro w -lin e ) lum inosity . T h e re  a re  a ls o  in te res ting  c o rre la tio n s  b e tw e e n  th e  IR  flux  ra tios  a n d  th e
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H a  lum inosity . W e  a ls o  p re se n t th e  d is trib u tions  o f a c tiv e  a n d  n o n -a c tiv e  p a ra m e te rs  a s  a  func tion  o f m o rp h o lo g ic a l ty p e , T. B u lg e  lum in o sitie s  (a n d  b lack  ho le  m a s s e s ) a re  la rg ­
e r  in e arly  ty p e  sp ira l g a la x ie s , but w ith  a  s ig n ifican t sca tte r. T h e  a b s o lu te  K -b a n d  bu lg e  m a g n itu d e  is M K =  (0 .3 5 2 8  ±  0 .1 4 1 3 )  T  +  ( - 2 2 .7 3 7 8  ±  0 .4 2 7 7 ) .  A s  w e  d iscuss, th is  is 
u n d o u b ted ly  a  m a jo r  re as o n  w h y  S e y fe rt g a la x ie s  a re  d isc o v ere d  p rim arily  in e a r ly  ty p e  sp ira ls . T h e  d is trib u tions  fo r  S c  g a la x ie s  a re  o ften  m a rk e d ly  d iffe re n t fro m  th e  d istrib utions  
in e a r lie r  ty p e s .

* This work is being supported by NSERC.
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T h e  O p tic a l A nd  In fra re d  E m is s io n  O f  T h e  M a g n e ta r  1E  1 0 4 8 *, M a r t in  D u r a n t  a n d  M .H . v an  K erkw ijk , U n ive rs ity  o f  Toronto  —  In th e  m a g n e ta r  m ode l fo r a n o m a lo u s  X -ra y  pu l­
s a rs  (A X P s ), th e  s u p ers tro n g  m a g n e tic  fie ld  o f th e  neu tro n  s ta r  c a u s e s  cu rren ts  to  tra v e rs e  th e  m a g n e to s p h e re . O p tic a l an d  in fra red  e m is s io n  is p ro d u c ed  w h e n  ions a b s o rb  X -  
ra ys  fro m  th e  s te lla r s u rfa c e  a n d  a re  p ro m o te d  into h igh L a n d a u  exc ita tio n  s ta tes , e n e rg y  w h ich  is th e n  re le a s e d  a s  th e  ion d e -e x c ite s . S in c e  th e  e n e rg y  o f th e  L a n d a u  lev e ls  an d  
th e  ra d ia tiv e  t im e s c a le  both d e p e n d  on th e  local m a g n e tic  flux  density , th e  m a g n e tic  m irroring  e ffe c t c a u s e s  a  s h a rp  c u to ff in th e  s p e c tru m ; a nd  s in ce  th e  c u rren t c a u s e s  th e  
to ro id a l c o m p o n e n t o f th e  e x te r io r  m a g n e tic  fie ld , a  re la tio n s h ip  b e tw e e n  th e  in fra red /o p tic a l flux  an d  th e  X -ra y  flux an d  tim ing  to rq u e  a re  e x p e c te d . I w ill p re se n t p h o to m etric  d a ta  
ta k e n  w ith  M a g e lla n  a n d  th e  V L T  o f 1E  1 0 4 8 , an d  c o m p a re  th e s e  to  o th e r A X P s  a n d  spec ifica lly  to  th e  q u e s tio n s  ra is e d  a b o v e .

* This work is being supported by Martin Durant.
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X M M -N e w to n  O b s e rv a tio n  o f th e  H igh  M a g n e tic  F ie ld  R a d io  P u ls a r  B 0 1 5 4 + 6 1 , M a r jo r ie  G o n z a le z 1, V .M . K a s p i1, A .G . Lyne 2 an d  M .J . P iv o v a ro f f3 , 1 M c G ill U n ive rs ity ,
2 U n ivers ity  o f M a n c h e s te r  an d  3 S p a c e  S c ie n c e s  L ab o rato y , U C  B e rk e le y  —  W e  p re se n t resu lts  fro m  a  d e e p  X -ra y  o b s erv a tio n  o f th e  rad io  p u ls ar B 0 1 5 4 + 6 1  p e rfo rm ed  w ith  th e  
X M M -N e w to n  s a te llite . T h e  p u ls ar h a s  a  c h ara c te ris tic  a g e  o f 2 0 .5  kyr, a  rotation period  o f  2 .3  s e c o n d s  an d  a n  in fe rred  d ip o le  s u rfa c e  m a g n e tic  fie ld  s tren g th  o f 2 .1  x  1 0 13G, 
s o m e  o f th e  h ig h e st v a lu e s  in th e  rad io  p u ls ar popu la tio n . O u r  a n a ly s is  s h o w s  th a t no X -ra y  e m is s io n  is d e te c te d  fro m  th e  position o f B 0 1 5 4 + 6 1  w ith  X M M -N e w to n . U s in g  a  
b lac k b o d y  m o d e l, th e  d e riv e d  u p p e r lim its on  th e  p u ls a r ’s  te m p e ra tu re  a n d  lum inosity  a re  < 7 3  e V  an d  < 1 .4  x  1 0  32 e rg s  s -1, re sp e c tive ly  (a s su m in g  a  d is tan c e  o f 1 .7 ~ k p c  an d  a  
co lu m n  de n s ity  N h < 3  x 1 0 21 c m -2). W h e n  c o m p a re d  to  th e  v a lu e s  p red ic ted  by neu tro n  s ta r coo ling  m o d e ls , th e  a b o v e  lim its  a re  fo u n d  to  fa v o r  th o s e  requ iring  rap id  coo ling , 
e s p e c ia lly  w h e n  c o rrec tio n s  fo r  th e  p re s e n c e  o f a  lig h t-e le m e n t a tm o s p h e re  an d  re la tiv e ly  high m a g n e tic  fie ld  on th e  n e u tron  s ta r a re  m a d e . H o w e v e r, th e  u n c erta in tie s  in d is ­
ta n c e , co lu m n  d e n s ity  a nd  a tm o s p h e ric  c om position  p re v e n t a  d e fin ite  conclus ion . In ad d itio n , th e  lim its  on th e  te m p e ra tu re  a n d  lum inosity  o f B 0 1 5 4 + 6 1  a re  foun d  to  be  m uch  
lo w e r th a n  th o s e  exh ib ite d  by th e  “a n o m a lo u s  X -ra y  p u ls ars ” (A X P s ), a lth o u g h  th e ir  spin  c h a ra c te ris tic s  a re  c o m p a ra b le , th u s  lea v in g  u n a n s w e re d  th e  q u e stio n  o f a  rad io  
p u ls a r /A X P  c o n n ec tio n .
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A  G e m in i O b s e rv a tio n  o f th e  A n o m a lo u s  X -R a y  P u ls a r  1 R X S J 1 7 0 8 4 9  - 4 0 0 9 1 0 *, J e n n ife r  W e s t  a n d  S . S a f i-H a rb , U n ive rs ity  o f  M a n ito b a  —  T h e  a n o m a lo u s  X -ra y  pu lsars  
(A X P s ) re p re s e n t a  g row ing  c la s s  o f neu tron  s ta rs  d isc o v ere d  a t X -ra y  e n e rg ie s . U n like  th e  C ra b -lik e  p u lsars , th e y  a re  ra d io -q u ie t, s lo w  X -ra y  ro ta tors , an d  h a v e  an  X -ra y  lum i­
nosity  h ig h e r th a n  th e ir  ro ta tiona l sp in -d o w n  p ow er. T h e  tw o  co m p etin g  m o d e ls  p ro p o s ed  to  e xp la in  th e ir  a n o m a lo u s  n a tu re  in vo ke  e ith e r  acc re tio n  fro m  a  lo w -m a s s  c o m p an io n  or 
a  d isk , o r  an  u ltra -m a g n e tiz e d  neu tron  s ta r (m a g n e ta r) . In th e  p ast fe w  y e a rs , e v id e n c e  h a s  b e e n  a c c u m u la tin g  in fa v o r  o f th e  m a g n e ta r  m o d e l, m a k in g  A X P s  a n d  th e  S o ft 
G a m m a -R a y  R e p e a te rs  a m o n g  th e  s tro n g e st m a g n e ts  in th e  U n iv e rs e . In fra red  o b s e rv a tio n s  o ffe r a  too l to  te s t th e s e  m o d e ls  an d  s tu d y  th e  varia b ility  o f th e s e  ob jects . 
1 R X S J 1 7 0 8 4 9 -4 0 0 9 1 0  is a  re la tiv e ly  bright A X P  w h ich  w a s  d isc o v ere d  w ith  th e  R O S A T  X -ra y  s a te llite , an d  la te r  fo u n d  to  b e  an  11 s  X -ra y  p u ls ar by th e  A S C A X -r a y  sa te llite . 
R e ce n tly , Is ra e l e t al. (2 0 0 3 ) re p o rte d  th e  d e te c tio n  o f  th e  likely IR  c o u n te rp art to  1 R X S J 1 7 0 8 4 9 -4 0 0 9 1 0  using a  d e e p  o b s erv a tio n  th e  E S O  a n d  C F H T  te le s c o p e s . W e  w ill he re  
p re se n t a  G e m in i o b s erv a tio n  o f 1 R X S J 1 7 0 8 4 9 -4 0 0 9 1 0  o b ta in e d  w ith  F la m in g o s , th e  G e m in i-S o u th  n e a r - IR  im ag e r, in J (1 .2 5  u m ), H  (1 .6 5  u m ), an d  K  (s h o rt) (2 .1 5  u m ), an d  
c o m p a re  o u r resu lt w ith  th a t o f Is ra e l e t  a l .

* This work is being supported by NSERC and URGP.
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N e a r  In fra R e d  D e te c tio n  o f  th e  A n o m a lo u s  X -R a y  P u ls a r  1E  2 2 5 9 + 5 8 6 , C in d y  T a m  1, V .M . K a s p i1, M .H . v a n  K e rk w ijk 2 a n d  M . D u r a n t2,1 M c G ill U n ive rs ity  an d  2 U n ivers ity  o f 
Toronto  —  O n  J u n e  1 8  2 0 0 2 , th e  A n o m a lo u s  X -ra y  P u ls a r  A X P  1E  2 2 5 9 + 5 8 6  u n d e rw e n t a  m a jo r  X -ra y  o u tb u rst th a t las te d  s e v e ra l hours  an d  c o n s e q u e n tly  linked  A X P ’s to  
a n o th e r  c la s s  o f h ig h -e n e rg y  bursting ob je cts , c a lled  S o ft G a m m a -ra y  R e p e a te rs  (S G R ).  T h is  w a s  p re d ic te d  u n ique ly  by th e  “m a g n e ta r” m o d e l, in w h ich  th e s e  tw o  c la s s e s  a re  
ultrah igh  m a g n e tic  fie ld , iso la ted  y o u n g  neu tron  s ta rs . A f e w  d a y s  a fte r  th is  o u tb u rst, T a rg e t o f O p p o rtu n ity  o b s e rv a tio n s  w e re  o b ta in e d  w ith  th e  G e m in i N orth  N e a r - In fra R e d  
Im a g e r  (N IR I) ,  fo llo w ed  by a  lo n g e r te rm  m on ito ring  p ro g ra m  o f th e  IR  varia b ility  th a t s p a n n e d  n early  o n e  a n d  a  h a lf y e a rs . It w a s  o b s e rv e d  th a t shortly  a fte r  th e  burst, th e  p u ls a r ’s 
K s b a n d  flux  d ra m a tic a lly  in cre a se d  re la tiv e  to  its p re -b u rs t flux lev e l, p rom pting  th e  q u e stio n  “d o e s  th e  IR  lum inosity  o f 1 E  2 2 5 9 + 5 8 6  co n stan tly  u n d e rg o  flu c tu a tio n s , o r c an  this  
b righ ten ing  be  u n d e n iab ly  a s s o c ia te d  w ith  th e  X -ra y  o u tb u rs t? ” W e  p re se n t th e  resu lts  o f  o u r IR  a n a ly s is , a n d  re la te  th e m  to  th e  resu lts  o f p re v io u s  X -ra y  s tu d ies . T h e re  w a s  no  
e v id e n c e  fo r varia b ility  a p a rt fro m  th a t s e e n  im m e d ia te ly  a fte r  th e  ou tb u rst, im plying th e  IR  flu c tu a tio n  w a s  de fin ite ly  a s s o c ia te d  w ith  th e  ou tb u rst. A ls o , w e  d isc u s s  th e  e ffe c t th a t 
o u r fin d in g s  m ight h a v e  on c u rren t A X P  th e o re tic a l m o d e ls .
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T h e  S tudy  o f a  P u zz lin g  G a la c t ic  S u p e rn o v a  R e m n a n t an d  T h e  D is c o v e ry  o f an  A c tiv e  G a la c t ic  N u c le u s  in its b a ck g ro u n d  y a rd *, S a m a r  S a f i - H a r b 1, U . H w a n g 2, R . P e t r e 2,
S .S . H o lt3 a nd  P. D u ro u c h o u x 4 , 1 U n ive rs ity  o f  M an itoba ,  2N A S A /G S F C , 3 O lin  C o lle g e  an d  4S a c la y , F ra n c e  —  G 4 1 .1 -0 .3  is an  intrigu ing  s u p e rn o v a  re m n a n t w ith  a n  unusua l 
m o rp h o lo g y  an d  p ro p e rties . In o u r p re v io u s  X -ra y  s tudy o f  th is  re m n a n t, w e  s u g g e s te d  th a t it is th e  resu lt o f  a  ty p e  II s u p e rn o v a  exp lo s io n ; h o w e v e r  no p u ls ar h a s  b e e n  y e t foun d  
to  be  a s s o c ia te d  w ith  it. W e  report on o u r C h a n d ra  spatia lly  re so lv ed  s p ec tro s co p ic  s tudy  o f th e  re m n a n t, an d  c o rre la te  its X -ra y  e m is s io n  w ith  th e  rad io  an d  m illim e ter o b s e rv a ­
tio n s . W e  th e n  a d d re s s  its u n u s u a l m o rp h o lo g y  a n d  d isc u s s  its p ro p e rties  in th e  light o f a  s h o ck  w a v e  in te rac tin g  w ith  an  in h o m o g e n e o u s  m e d iu m . T h e  burn ing  q u e stio n  a b o u t 
G 4 1 .1 -0 .3  re m a in s : w h e re  is its c o m p ac t s te lla r  re m n a n t?  W h ile  s ea rch in g  fo r  a  c o m p a c t o b je c t, w e  d isc o v ere d  an  X -ra y  po in tso u rce  ju s t ou ts id e  th e  re m n a n t. W e  d isc u s s  th e  
n a tu re  o f th is  n e w  s o u rce  a n d a rg u e  th a t it is a  n e arb y  S e y fe rt II A c tiv e  G a la c t ic  N u c le u s .

* This work is being supported by NSERC, NASA.
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Long  T erm  T im ing  O b s e rv a t io n s  o f th e  Y o u n g , E n e rg e tic  P u ls a r  P S R  B 1 5 0 9 -5 8 , M a r g a re t  L iv in g s to n e  1, V .M . K a s p i1 a n d  R .N . M a n c h e s te r 2, 1 M c G ill U n ivers ity  an d  2 A T N F  -  W e  
p re se n t resu lts  fro m  th e  lo n g -te rm  tim ing  o b s e rv a tio n s  o f th e  y o u n g , e n e rg e tic  p u ls ar P S R  B 1 5 0 9 -5 8 . W e  p re se n t a  p h a s e -c o h e re n t a n a ly s is  o f 21 y e a rs  o f tim ing  d a ta  fro m  th e  
M o lo n g lo  a nd  P a rk e s  R a d io  O b s e rv a to r ie s  a n d  th e  R o s s i X -R a y T im ing  E xp lo rer. W e  h a v e  m e a s u re d  th e  fre q u e n c y  d e riv a tiv e  a s  w e ll a s  h ig h e r o rd e r fre q u e n c y  d e riv a tiv e s  to  tes t 
th e  c o n ve n tio n a l m o d e l o f p u ls ar sp in -d o w n  g ive n  by V = K v a , w h e re  ν  is th e  fre q u e n c y  o f  th e  pu lsar, is th e  fre q u e n c y  d e riv a tiv e , V is a  c o n stan t re la te d  to  th e  m a g n e tic  fie ld  o f 
th e  p u ls ar a n d  n is th e  ‘braking  in d e x ’. U s in g  a  partia lly  p h a s e -c o h e re n t tim ing  a n a ly s is , w e  h a v e  m e a s u re d  a  braking  index  c o n s is te n t w ith  p re v io u s  m e a s u re m e n ts . W e  a lso  
m e a s u re  th e  v a lu e  o f th e  th ird  fre q u e n c y  d e riv a tiv e  to  be  in co n sis ten t w ith  th e  s im p le  s p in -d o w n  law  fo r  p u lsars , possib ly  ind icating  a  t im e -d e p e n d e n t m a g n e tic  fie ld .
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P S R  J 1 7 4 0 -5 3 4 0  P ro m is e s  a nd  S u rp ris e s * , F e r n a n d o  P e n a  a n d  M .H . v a n  K erkw ijk , U n ive rs ity  o f  Toronto  —  B right s ta rs  w h ich  a re  b inary  s y s te m s  w h e re  th e  o th e r c o m p o n e n t is 
a  neu tro n  s ta r  a re  v e ry  u sefu l a s  a  too l to  c o n stra in t p u ls a r ’s  m a s s e s . D iffe re n t e q u a tio n s  o f s ta te  (E O S )  w ill g iv e  d iffe ren t v a lu e s  slightly  g ra te r  th e n  th e  c u rren t 1 .3 5  M o  d e p e n d ­
ing in th e  ty p e  o f in te rac tio n s  b e tw e e n  partic les  a t th e  co re  a n d  d e p e n d in g  in th e  m a s s  a c c re te d . In th e  p a rticu la r c a s e  o f th e  b inary  s y s te m  P S R  J 1 7 4 0 -5 3 4 0  th e  c o m p an io n  is a  
bright (V ~ 1 7 )  N o n -M S  s ta r  (w e  c a lled  it “red s tra g g le r”) w h ich  p artia lly  fills  its R o c h e  lo b e  (R /RRocheLobe-1), th e  orb ita l period  is 1 .3 5  d a y s . T h e  s y s te m  is in th e  g lo b u la r c lu s te r  
N G C  6 3 9 7  (m e a n  ve lo c ity  ~  1 8  k m /s ) a n d  th e  p u ls ar h a s  a  period  o f 3 .5  m s  (M S P ) .  I w ill p re se n t high reso lu tion  V L T /U V E S  s p e c tra  (~ 2 4  n ights  co ve rin g  d iffe re n t orb ita l p h a se s ). 
F ro m  th e s e  I w ill s h o w  th e  rad ia l an d  ro ta tiona l v e lo c it ies  o f th e  c o m p an io n  star, a nd  ass u m in g  s o m e  m o d e ls  I w ill p re se n t th e  m a s s  ra tio  (a lre a d y  d o n e , M p ULSAR/M q o Mp  ~  5 .7 ) ,  
th e  inclination  a n g le  o f th e  orb it (in p ro g re ss  but w ill be  fin ish ed  by th e  tim e  o f th e  c o n g re s s ), a n d  fina lly  th e  m a s s  o f  th e  b inary  c o m p o n e n ts  (M S P  a n d  c o m p aS io n ). '“‘T ogether w ith  
th e  m a s s  m e a s u re m e n t I w ill d isc u s s  s o m e  in te res tin g  p u z z le s  o f th is  s y s te m , m ost o f th e m  re la te d  to  th e  lack  o f  he atin g  s h o w e d  by c o m p a n io n ’s light c u rv e  (w h ich  is pure ly  s in u ­
s o id a l, b e c a u s e  o f its tida l d e fo rm a tio n ), s tra n g e  b e c a u s e  w e  e x p e c t s o m e  in flu e n ce  o f th e  p u ls a r ’s  irrad ia tion  on th e  -v e r y  c lo s e - c o m p a n io n ’s a tm o s p h e re .

* This work is being supported by University of Toronto.
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A  C h a n d ra  O b s e rv a tio n  o f th e  W 5 0  N e b u la  A s s o c ia te d  w ith  S S 4 3 3 , A . M o ld o w a n  an d  S . S a f i-H a rb , U n ive rs ity  o f  M a n itoba  —  T h e  X -ra y  b inary  s y s te m  S S 4 3 3 /W 5 0  h a s  baffled  
a s tro p h ys ic is ts  s in c e  its d isc o v ery  in 1 9 7 9 . W 5 0  h a s  b e e n  c las s ifie d  a s  a  G a la c t ic  s u p e rn o v a  re m n a n t th a t h a rb o rs  S S 4 3 3 ,  an  X -ra y  b inary  consis ting  o f a  c o m p a c t o b je c t a c c re t­
ing m a tte r  fro m  a  c o m p an io n  s ta r  a t a  s u p e r-E d d in g to n  ra te . T h e  n a tu re  o f th e  c o m p a c t ob je ct is still u n k n o w n , but it is e x p e llin g  re la tiv is tic  je ts  th a t in te rac t w ith  W 5 0 ,  cau s in g  it 
to  e lo n g a te  a lo n g  th e  je ts  a x is  an d  fo rm in g  th e  X -ra y  lobes. W e  h a v e  s tud ied  th is  s y s te m  w ith  R O S A T , A S C A , R X T E  a n d , m ost recen tly , C h a n d ra . A 7 5  k se c  C h a n d ra  o b s erv a tio n  
w ill be  p re s e n te d  fo r th e  w e s te rn  lo b e  o f W 5 0 .  T h is  o b s erv a tio n  an d  th e  co rres p o n d in g  a n a ly s is  w ill be  c o m p a re d  to  th e  o b s e rv a tio n s  m a d e  by A S C A  a n d  R O S A T  o f th e  w e s te rn  
lobe , a s  w e ll a s  th e  e a s te rn  lobe  o f W 5 0 . T h e  C h a n d ra  d a ta  w ill a ls o  a llo w  a  s p atia l reso lu tion  o f th e rm a l a n d  n o n -th e rm a l e m is s io n  fro m  th e  s h o c k -e x c ite d  re g io n s  in th e  re m ­
nan t.

M O -P O S -3 7

T h e  P le rio n ic  S u p e rn o v a  R e m n a n t G 2 1 .5 -0 .9 : In a n d  O u t*, H . M a th e s o n  an d  S . S a f i-H a rb , U n iv e rs ity  o f  M a n itoba  —  T h e  C ra b  n e b u la  h a s  b e en  v ie w e d  a s  th e  p ro to typ e  fo r a  
p u ls ar-w in d  n e b u la  o r a  p lerion . Today, w e  k n o w  o f a b o u t a  d o z e n  G a la c t ic  p lerions . T h e  a b s e n c e  o f  a  s u p e rn o v a  re m n a n t (S N R )  shell su rro u n d in g  th e  C ra b  a n d  o th e r p le rio n s  is 
still a  m ystery . G 2 1 .5 -0 .9  is an  intrigu ing  p lerion ic  S N R . E arly  C h a n d ra  o b s e rv a tio n s  re v e a le d  a  fa in t e x te n d e d  X -ra y  h a lo , w h ich  w a s  s u g g e s te d  to  be  th e  m iss ing  sh ell o f  th e

130 Physics in Canada May / June 2004



Lundi, le 14 juin - Résumés de session Affiche

S N R . S a f i-H a rb  e t a l. (2 0 0 1 )  s h o w  h o w e v e r  th a t th e  X -ra y  e m is s io n  fro m  th is  e x te n d e d  ha lo  is n o n -th e rm a l, un like  w h a t w o u ld  be  e x p e c te d  fro m  an  S N R  sh ell. T h e y  s u g g es te d  
th a t th e  e x ten s io n  cou ld  be  ind ica tive  o f a  la rg e r  th a n  p rev ious ly  th o u g h t p lerion  a n d /o r  d u e  to  a  dus t sca tte rin g  X -ra y  h a lo . In th e  fo rm e r  s c e n a rio , G 2 1 .5 -0 .9  w o u ld  be  th e  only  
p lerion  w h ich  h a s  a  la rg e r  s ize  in X -ra y s  th a n  in th e  rad io . S in c e  G 2 1 .5 -0 .9  is a  ca lib ra tio n  ta rg e t fo r  C h a n d ra , th e re  is a  larg e  a m o u n t o f d a ta  a v a ila b le . W e  w ill p re se n t o u r  
a n a ly s is  o f 2 0 7  k s e c  o f  d a ta  o b ta in e d  w ith  th e  H ig h -R e s o lu tio n  C a m e ra  a n d  4 5 0  k se c  o f  d a ta  a c q u ire d  w ith  th e  A d v a n c e d  C C D  Im a g in g  S p e c tro m e te r. W e  w ill s h o w  th e  resu lts  o f  
o u r d e e p  s e a rc h  fo r th e rm a l e m is s io n  an d  d isc u s s  th e  n a tu re  o f th e  X -ra y  h a lo  in th e  light o f  th e  p ro p o s ed  m o d e ls . W e  w ill a ls o  put fu rth e r  co n stra in ts  on th e  p a ra m e te rs  o f th e  
p u ta tiv e  p u ls ar po w e rin g  G 2 1 .5 -0 .9 .

* This work is being supported by NSERC.
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X -R a y  A u ro ra  in M a g n e to s p h e re  o f  A c cre tin g  N e u tro n  S ta rs * . V ah id  R e z a n ia , John  C . S a m s o n  an d  P e te r  D o b ia s ,  T h e o re tica l P h ys ics  In s titu te  —  In th is  s tu d y  w e  p ro p o s e  a  
n e w  g e n e ric  m o d e l fo r q u a s i perio d ic  osc illa tion s  (Q P O s ) b a se d  on oscillation  m o d e s  o f neu tro n  s ta r m a g n e to s p h e re s . W e  a rg u e  th a t th e  in te rac tion  o f  th e  acc re tio n  d isk  w ith  th e  
m a g n e to s p h e re  c an  e x c ite  re so n a n t s h e a r  A lfven  w a v e s  in a  reg ion  o f e n h a n c e d  d e n s ity  g ra d ie n ts . W e  d e m o n s tra te  th a t d e p e n d in g  on th e  d is tan c e  o f th is  e n h a n c e d  density  
reg ion  fro m  th e  s ta r  a n d  th e  m a g n e tic  fie ld  s tren g th , th e  fre q u e n c y  o f th e  fie ld  line re s o n a n c e  c an  ra n g e  fro m  s e v e ra l H z  (w e a k e r  fie ld , fa rth e r  fro m  s ta r), to  a p p ro x im a te ly  k H z  fre ­
q u e n c ie s  (s tro n g e r fie ld , ~  6 -1 0  s ta r  radii fro m  th e  s ta r). W e  s h o w  th a t such  osc illa tion s  a re  a b le  to  s ign ifican tly  m o d u la te  in flow  o f m a tte r  fro m  th e  high d e n s ity  reg ion  to w a rd  th e  
s ta r  s u rfa c e , a n d  possib ly  p ro d u c e  th e  o b s erv e d  X -ra y  s p ec tru m . In ad d itio n , w e  s h o w  th a t th e  o b s e rv e d  2 :3  fre q u e n c y  ra tio  o f Q P O s  is a  n a tu ra l resu lt o f o u r m o d e l.

* This work is being supported by NSERC.
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T h e  S e a rc h  fo r S u p e rn o v a  R e m n a n ts  U s in g  th e  In te rn a tio n a l G a la c t ic  P la n e  S u rv e y  D a ta * , A s h is h  A s g e k a r 1, S a m a r  S a f i-H a rb  2 a n d  R o la n d  K o th e s 2, 1 U n ive rs ity  o f  M a n itoba  
a n d  2D o m in io n  R a d io  A s tro p h y s ic a l O b s e rv a to ry , N R C  —  T h e  In te rn a tio n a l G a la c t ic  P la n e  S u rv e y  ( IG P S )  h a s  in th e  p ast fe w  y e a rs  d e m o n s tra te d  its re m a rk a b le  sensitiv ity  
to w a rd s  lo w -s u rfa c e  b rig h tn e s s , e x te n d e d  s tru c tu res , like s u p e rn o v a  re m n a n ts  (S N R s ). W e  a re  s ea rch in g  fo r n e w  S N R s  ta rg e tin g  th e  positions  o f a lre a d y -k n o w n  p u lsars  in th e  
IG P S  d a ta . T w o  c a n d id a te s  w e re  iden tified  by c o m p arin g  th e  IG P S  2 0 -c m  im a g e s  w ith  th e  a rch iv a l im a g e s  fro m  o th e r s u rv e y s , such  a s  th e  N V S S  an d  IR A S . W e  w ill p re se n t th e ir  
p o la rize d  in tensity  a n d  s p ec tra l index  m a p s  o b ta in e d  w ith  th e  a rch iv a l V L A  d a ta , a n d  s e a rc h  fo r  th e ir  X -ra y  cou n te rp arts .

* This work is being supported by IGPS.
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C o rre la tin g  D u s t P ro p e rtie s  w ith  S ta r  F o rm a tio n  a n d  th e  IS M  in th e  B IM A  S O N G  S u rv e y , S c o t t  B r o o k s  an d  C . W ils o n , M c M a s te r U n ive rs ity  —  W e  p re se n t p re lim in a ry  resu lts  
fro m  th e  a n a ly s is  o f  4 5 0  a n d  8 5 0  m icron  S C U B A jig g le  m a p s  o f a  s e le c tio n  o f g a la x ie s  fro m  th e  B IM A  S O N G  c a ta lo g . O u r  o b s e rv a tio n s  a re  s en s itive  to  th e  c o n tin u u m  em is s io n  
d u e  to  coo l dus t, w h ich  c an  be  c o rre la te d  w ith  th e  g a s  e m is s io n  to  d e te rm in e  em p iric a lly  w h a t th e  re la tiv e  im p o rta n ce  is to  th e  c o n tin u u m  em is s io n  o f c h a n g e s  in th e  dus t m a ss  
v e rs u s  c h a n g e s  in th e  dus t h e a tin g  d u e  to  n e arb y  s ta r fo rm a tio n .
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T h e  S p atia l D is tribution  an d  E x trao rd in a ry  E xtinc tion  L a w  in O p tic a l N e b u la e  o f th e  2n d  Q u a d ra n t, T y le r  F o s t e r 1 an d  R . K o th e s 2, 1 H e rzb e rg  In s titu te  o f  A s trophys ics , N a tio n a l 
R e se a rch  C ouncil, 2 U n ivers ity  o f C a lg a ry , H IA /N R C  —  W e  h a v e  co n stru c ted  a  n e w  m a p  o f th e  G a la c t ic  P la n e  R e g io n  90° < 1 <  180°, - 3 .5 °  <  b  <  5 .5 °  using  n e w  n o n -p h o to ­
m e tric  d is ta n c e s  to  ~ 7 0  H II re g io n s , fro m  th e  te c h n iq u e  o f F o s te r  &  R o u tle d g e  (2 0 0 3 ) .  W e  p re se n t n e w  rad ia l v e loc ity  m e a s u re m e n ts  fo r e a c h  reg ion  using  C a n a d ia n  G a la c tic  
P la n e  S u rv e y  H I an d  12C O  d a ta , a s  w e ll a s  pu b lish ed  H a  line s u rve ys . T h e  m o s t n o tic ea b le  resu lt is th a t th e  c le a r  m ajority  o f th e s e  op tica lly  c a ta lo g u e d  n e b u la e  (c .f. S h a rp le s s  
1 9 5 9 ) a re  re s id e n ts  a re  th e  P e rs e u s  A rm , th e  n e a re s t m a jo r  sp ira l a rm  to  th e  S u n . M a n y  o f th e s e  re g io n s  fo rm  a  striking  “c h a in ” th a t fo llo w s  th e  A rm ’s in n e r e d g e . S o m e  o th e rs  
a re  L o c a l A rm  in h ab itan ts , w h ile  S h -1 2 7  (d  =  6 .2  kpc) is likely a n  O u te r  S p ira l A rm  m e m b e r. P u b lis h e d  ph o to m etric  d is ta n c e s  to  m a n y  H II re g io n s  (p articu la rly  th o s e  n e a r  th e  
G a la c t ic  a n tic e n tre , 150° <  1 < 180° s u g g e s t th a t th e y  a re  s c a tte re d  irregu la rly  th ro u g h o u t th e  d isk , a  p ictu re  in co n sis ten t w ith  th e  a c c e p te d  m o d e l o f th e ir  fo rm a tio n  in “c h a in s ” 
a lo n g  S p ira l A rm s . W e  s h o w  th a t m ost o f th e s e  H II re g io n s  a re  s u rro u n d ed  by la y e rs  o f dus t, a n d  th a t th e  v a lu e  o f to ta l-to -s e le c tiv e  extinc tion  R v =  A v /E (B  - V ) in th e  invo lved  
dust is g re a te r  th a n  th e  c an o n ic a l IS M  v a lu e  o f  R v =  3 .1 . T h e  a n o m a lo u s  p h o to m etric  d is ta n c e s  o f  th e s e  H II re g io n s  a re  likely th e  resu lt o f o b s erv in g  th e ir  exc iting  s ta r(s ) th roug h  
th e s e  d e n s e  s h e lls  o f  dus t, w h e re  w e  m e a s u re  R V to  ra n g e  fro m  3 .2  to  m o re  th a n  7. T h is  a b n o rm a l extinc tion  la w  particu la rly  a ffe c ts  th e  d is ta n c e  m odulii o f  th o s e  re g io n s  to w a rd  
th e  a n tic e n tre , w h e re  extinc tion  d u e  to  a s s o c ia te d  dus t e q u a ls  o r  e x c e e d s  th a t d u e  to  fo re g ro u n d  m a teria l.

M O -P O S -4 2

P u ls a r-B a s e d  G a la c t ic  M a g n e tic  F ie ld  M a p p in g : A  S m a ll A n n u lu s  W ith  A n  A n ti-C lo c k w is e  M a g n e tic  F ie ld , In A  L a rg e  D is k  W ith  A  C lo c k w is e  M a g n e tic  F ie ld , J a c q u e s  P. V a lle e ,  
N a tio n a l R e se a rch  C o u n c il C a nada  - H e rzb e rg  In s titu te  o f  A s tro p h y s ic s  —  A  n e w  p u ls a r-b a s e d  m o d e l fo r th e  s tru c tu re  o f  th e  M ilky  W a y ’s m a g n e tic  fie ld  is o b ta in e d , by using  
both th e  ro ta tion  m e a s u re  an d  th e  d isp ers io n  m e a s u re  o f o v e r 3 5 0  pu ls ars  in th e  M ilky  W a y . T h e  m o d e l ho lds  tru e  s e p a ra te ly  fo r pu ls ars  a b o v e  th e  g a la c tic  p la n e , an d  fo r  p u lsars  
b e lo w  th e  p lan e . In th is  p u ls a r-b a s e d  m o d e l, an  ov era ll c lo c k w is e -g o in g  m a g n e tic  fie ld  (a s  s e e n  fro m  th e  N orth  G a la c t ic  P o le ) e x te n d s  rad ia lly  a t lea s t fro m  1 to  12 kpc fro m  th e  
G a la c t ic  C e n te r , e x c e p t fo r  a  2 -k p c  w id e  a n ti-c lo ck w is e  m a g n e tic  fie ld  lo ca te d  in a  rad ia l a n n u lu s  b e tw e e n  4  an d  6 kpc  fro m  th e  G a la c t ic  C e n tre . H e re  th e  m a g n e tic  fie ld  is not 
a tta c h e d  to  a n y  s p ec ific  sp ira l a rm . T h e  orig in  o f th is  u n iq u e  a n ti-c lo ck w is e  a n n u lu s  cou ld  be  d u e  to  a  n u m b e r o f fa c to rs  (in te rn a l o r e x te rn a l) o r cou ld  be  p rim ord ia l (re g u la r  o r  
c h ao tic ). T h e  n e w  m o d e l h a s  a  v ery  s p ec ia l fe a tu re  in th e  fo rm  o f a  string o f H II re g io n s  lo ca te d  in th e  a n ti-c lo c k w is e  a n n u lu s , an d  it m a y  be  a  n e w  c la s s  o f “a x is y m m e tr ic  (A S S )  
m a g n e tic  fie ld ” m o d e ls . T h e  n e w  m o d e l d is a g re e s  w ith  re ce n t p u ls ar s tu d ies  th a t e m p lo y e d  s e v e ra l m a g n e tic  re v e rs a ls  in th e  in n e r G a la x y , an d  s o m e  m o re  in th e  o u te r  G a la x y  
[the  “b isy m m e tric  (B S S ) fie ld ” m ode l].
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F o u rie r  T ra n s fo rm  S p ec tro s c o p y  o f O rio n  M o le c u la r  C lo u d , D .A . N a y lo r1, M .K . T a h i c 1, B .G . G o m 1, G .R . D a v is 2 a n d  D . J o h n s to n e 3, 1 U n ive rs ity  o f  L e thb rid ge ,  2J A C  a nd  
3 H e rz b e rg  Institu te  o f  A s tro p h y s ic s  —  T h e  O rio n  m o le c u la r  c lou d  is th e  m ost s tud ied  reg ion  o f s ta r fo rm a tio n  in o u r ga la x y . R e c e n t S C U B A  im a g e s  a t 4 5 0  &  8 5 0  m m  re v e a l a  
v a rie ty  o f s tru c tu res  includ ing  c a n d id a te  p re -s te lla r  c o re s , c o res  c o n ta in ing  C la s s  0  p ro to s ta rs , s h o ck s  a n d  P D R  fron ts . In th e  last fe w  y e a rs , w e  h a v e  b e e n  using a  F o u rie r  tra n s ­
fo rm  s p e c tro m e te r  (F T S )  a t th e  J a m e s  C le rk  M a x w e ll T e le s c o p e  (J C M T ) to  s e p a ra te  th e  line  an d  c o n tin u u m  c o m p o n e n ts  o f e m is s io n  in th e  tw o  b righ test s o u rce s  o f th e  O rio n  
M o le c u la r  C lo u d : KL a n d  S . In D e c e m b e r  2 0 0 0  w e  o b ta in e d  c o m p le te  s p ec tra l s c a n s  o f th e  8 5 0  m m  ba n d  o f O rio n  K L  an d  S  w ith  th e  J C M T  h e te ro d y n e  re c e iv e r  B 3 . In O c to b e r  
2 0 0 2  a n d  A pril 2 0 0 3  w e  o b ta in e d  s p ec tra l s c a n s  o f th e  8 5 0  m m  b a n d  o f O rio n  K L  w ith  th e  U n ivers ity  o f L e th b rid g e  F o u rie r T ra n s fo rm  S p e c tro m e te r . T h e s e  s p e c tra  w ill be  c o m ­
p a red  to  d e te rm in e  th e  po ten tia l fo r m e a s u rin g , s im u lta n e o u s ly , both th e  line  an d  c o n tin u u m  e m is s io n  c o m p o n e n ts  o f g a la c tic  s o u rc e s  using th e  F T S  c urren tly  u n d e r d e v e lo p m e n t  
fo r  u s e  w ith  th e  S C U B A -2  d e tecto r.
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A  G a la c t ic  C h im n e y  O v e r  th e  W 4 7  H II R e g io n  C o m p le x , J e r o e n  S til ,  R . O u y e d  an d  A .R . Taylor, U n ive rs ity  o f  C a lg a ry  —  W e  p re se n t n e w  2 1 -c m  line a n d  2 1 -c m  c o n tin u u m  from  
th e  V L A  G a la c t ic  P la n e  S u rv e y  (V G P S ; Ta y lo r e t al. 2 0 0 2 )  o f th e  G a la c t ic  s ta r  fo rm a tio n  reg ion  W 4 7  an d  th e  a s s o c ia te d  w o rm  G W  3 8 .0 + 1 .6 .  T h e  e d g e  o f th is  reg ion  is a  2 0 0  pc  
long v ertic a l fila m e n t o b s erv e d  in th e  2 1 -c m  line an d  2 1 -c m  co n tin u u m . T h e  location  o f th is  fila m e n t an d  th e  rad io  re c o m b in a tio n  line ve lo c ity  o f th e  io n ized  g a s  a s s o c ia te  th e  fila ­
m e n t w ith  th e  W 4 7  c o m p le x  a t V _ L S R  =  5 0  k m /s . T h e  s h a p e  o f th e  fila m e n t c an  be  re p re s e n te d  by a  K o m p a n e e ts  m o d e l w ith  W 4 7  a s  th e  s o u rce  th a t e n c lo s e s  th e  G W  3 8 .0 + 1 .6  
a re a . H o w e v e r, th e  H I fila m e n t is d e te c te d  a t V _ L S R  =  0  k m /s . T h e  loca tion  an d  ve lo c ity  o f  th e  H I s u g g e s t a  v e lo c ity  c o m p o n e n t o f 5 0  k m /s  p e rp e n d ic u la r  to  th e  e x p a n s io n  v e lo c ­
ity o f  th e  s u p e r b u b b le . W e  h a v e  in itiated  3 -d im e n s io n a l m a g n e to h y d ro d y n a m ic  s im u la tio n s  o f  a  s u p e rb u b b le  bursting  out o f  th e  G a la c t ic  d isk  to  ob ta in  insight into th e  physics  o f 
th is  su rpris ing  result.
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Im a g in g  C o ld  D u s t in th e  G a la c tc  P la n e , H e n r y  M a t t h e w s 1, B. W e fe r lin g  2, A . E v a n s  3 M . C o h e n  4, J. J ac ks o n  5, R . S im o n  5, D . J o h n s to n e  6, G . D a v is  2, T. J e n n e s s  2, D . P ie rc e -  
P r ic e 2,"W. D e n t7, J . R ic h e r8 a n d  G. F u l le r9, 1 N a tio n a l R e se a rch  C o u n c il o f  C anada , 2J A C  H a w a ii, 3 K e e le  U n ivers ity , U K , 4 B e rk e le y  U n ivers ity , 5 B os ton  U n iv e rs ity ,6 H IA /N R C ,
7 U K A T C , U K , 8M R A O , U K , 9 U M IS T , U K  —  W e  p re s e n t im a g e s  o f  c o n tin u u u m  e m is s io n  a t 8 5 0  a n d  1 2 0 0  m icrons  w a v e le n g th  fro m  a  sec tio n  o f th e  G a la c t ic  P la n e  c e n te re d  n e a r  
long itu d e  4 4  d e g re e s . T h e s e  d a ta  w e re  o b ta in e d  fro m  c o m p le m e n ta ry  o b s erv a tio n s  m a d e  w ith  th e  J C M T  a n d  S E S T  b o lo m e te r  a rra y  re c e iv e rs , w ith  b e a m w id th s  o f a b o u t 1 4  a nd  
2 2  a rc s e c  respective ly . T h e  fe a tu re s  s e e n  a r is e  p rincipa lly  fro m  cold dus t in tw o  sp ira l a rm s  a t a b o u t 1 .5  a n d  8kpc d is tan t fro m  E arth ; dus t is op tica lly  th in  a t m m /s u b m m  w a v e ­
leng ths . T h e s e  d a ta  a re  c o m p a re d  w ith  ex is ting  s p ec tra l line d a ta  hav in g  s im ila r a n g u la r  reso lu tion , w h ich  a llo w  k in e m a tic  d is ta n c e s  to  be  a s s ig n e d  to  ind ividual fe a tu re s . 
C o m p a ris o n  w ith  im a g e s  a t m id -in fra red  w a v e le n g th s  is a ls o  re ve a lin g . T h e s e  d a ta  p re s a g e  th e  po ten tia l o f la rg e -s c a le  su rve y  o b s e rv a tio n s  w ith  fo rth co m in g  in s tru m en ta tio n  such  
a s  S C U B A 2  an d  H A R P /A C S IS  a t th e  J C M T .
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H I S h e lls  S u rro u n d in g  T h e  C y g n u s  L o o p *, D e n is  L e a h y , U n ive rs ity  o f  C a lg a ry  —  T h e  C y g n u s  Loo p  s u p e rn o v a  re m n a n t h a s  b e en  o b s e rv e d  in th e  21  c m  n e u tra l hy d ro g en  (H I)  
line  w ith  th e  D o m in io n  R a d io  A s tro p h y s ic a l O b s e rv a to ry ’s  (D R A O ) S y n th e s is  T e le s c o p e  an d  2 6  m  T e le s c o p e . A  s e a rc h  th ro u g h  th e  d a ta s e t re v e a ls  la rg e  s tru c tu res  a ss o c ia te d  
w ith  th e  C y g n u s  Lo o p  in position a n d  veloc ity . A  la rg e  ring fe a tu re  e x te n d s  fro m  th e  s o u th e a s t rim  into th e  c e n te r  o f th e  C y g n u s  L oop . A n o th e r larg e  s tru c tu re  is fo u n d  w h ich  
w ra p s  a ro u n d  th e  so u th e rn  a n d  w e s te rn  lim b o f th e  so u th e rn  e x te n s io n  o f th e  C y g n u s  Loop. B oth s tru c tu res  h a v e  b e e n  iden tified  in th e  IR A S  a ll-s k y  su rve y  m a p s  o f th e  reg ion , 
a llow ing  both H I a n d  dus t co lu m n  d e n s itie s  to  be  d e te rm in e d  a s  a  func tion  o f pos ition . T h e  v e loc ity  s truc tu re  o f th e  H I is s tu d ied  a nd  u s ed  to  co n stra in  th e  orig in  o f th e  H I.

* This work is being supported by NSERC.
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A  H u g e  M a g n e tic  B u b b le  In T h e  A n ti-C e n tre  R e g io n  O f T h e  M ilky  W a y , R o la n d  K o th e s , a n d  T .L . L a n d e c k e r, D o m in io n  R a d io  A s tro p h y s ic a l O bse rva to ry , U n ive rs ity  o f  C a lg a ry  —  
W e  p re s e n t th e  d isc o v ery  o f a  la rg e  m a g n e tic  bu b b le  in th e  d a ta  o f  th e  C a n a d ia n  G a la c t ic  P la n e  S u rve y . T h is  s tru c tu re  is re v e a le d  by rotating th e  p o la riza tio n  a n g le  o f th e  sm ooth  
G a la c t ic  b a ck g ro u n d  p o la riza tio n . T h e  m a g n e tic  bu b b le  is s u rro u n d ed  by an  H I bu b b le  w ith  a  s y s te m ic  ve loc ity  o f a b o u t -2 0  k m /s  im plying a  P e rs e u s  a rm  loca tion . A t th is  d is ­
ta n c e  th e  bu b b le  h a s  a  d ia m e te r  o f a b o u t 3 0 0  pc. A t th e  no rth ern  e d g e  o f th e  b u b b le  is th e  S N R  V R O  4 2 .0 5 .0 1 ,  w h ich  is th e  re m n a n t o f  a  s u p e rn o v a  th a t h a p p e n e d  ju st ou ts id e  
th e  e d g e  o f th e  b u b b le . T h is  is not on ly  th e  first tim e  a  F a ra d a y  s c re e n  c an  be  re la te d  to  an  H I s tru c tu re , but a ls o  g iv e s  us  th e  opportun ity  to  d irec tly  s tudy th e  in te rac tio n  o f th e  
s u p e rn o v a  s h o ck  w a v e  w ith  th e  H I bu b b le  a n d  th e  e m b e d d e d  m a g n e tic  fie ld .
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P ro p a g a tin g  S ta r  F o rm a tio n  A ro u n d  S in g le  O -s ta r  H II R e g io n s , C h a r le s  K e r to n  1, L e w is  K n e e  2 an d  C h ris to p h e r B run t 3 , 1 Iow a  S ta te  U n iversity, 2 H IA  a n d  3 U M a ss /F C R A O
—  T h e  v a s t m ajority  o f s ta rs  o f a ll m a s s e s  fo rm  in re g io n s  in w h ich  ra re  but p ro m in en t h igh m a s s  O  s ta rs  a re  born . It is th u s  im p o rta n t to  u n d e rs tan d  th e  p ro c e s s e s  a n d  m o d e s  o f 
s ta r  fo rm a tio n  in th e  h arsh  e n v iro n m e n t o f H II re g io n s  a n d  P D R s  a ro u n d  O  s ta rs . W e  p re se n t th e  initial resu lts  o f o u r s u b -m m  (J C M T  S C U B A ) o b s e rv a tio n s  o f  sm all a n g u la r  s ize  
H II re g io n s  d e s ig n e d  to  e x a m in e  h o w  s ta r  fo rm a tio n  p ro p a g a te s  th ro u g h  a  m o le c u la r  c lou d  s u rround ing  an  H II reg ion . O u r  ta rg e ts  a re  a  care fu lly  c h o se n  s a m p le  o f e ig h t sm all 
(~ 1 0  a rcm in  in d ia m e te r ) H II re g io n s  e a c h  e x c ite d  by a  s in g le  O  star. T h e  S C U B A o b s e rv a t io n s  a re  be in g  c o m b in ed  w ith  n e a r - IR  (2 M A S S ),  m id -IR  (M S X ) ,  m m  (F C R A O ) an d  cm  
(D R A O ) o b s e rv a tio n s  to  d e te rm in e  th e  sp atia l d istribution  o f m o le c u la r  c o re s  an d  th e  e m b e d d e d  s te lla r  p opu la tion  th ro u g h o u t th e  s u rround ing  m o le c u la r  c lou d . T h e  sm all s ize  o f  
th e  H II re g io n s  perm its  e a s ie r  acqu is ition  o f th e  m u ltiw av e le n g th  d a ta  n e e d e d  to  tra c e  a ll o f th e  re le v a n t physica l c o m p o n e n ts  (H I, H II, m o le c u la r  g a s , an d  s ta rs ) w h ich  e n a b le s  th e  
e n tire  physica l c h a in  fro m  trig g e rin g  s o u rce  to  e m e rg in g  s te lla r p opu la tion  to  b e  in ve s tig a ted .
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T h e  K in e m a tic s  o f M a s s iv e  S ta r-F o rm in g  R e g io n  N G C  7 5 3 8 *, M ic h a e l R e id  1, C . W ils o n  1 a n d  B . M a tth e w s  2, 1 M c M a s te r  U n ive rs ity  a n d  2 U n iv ers ity  o f C a lifo rn ia  a t B e rk e le y
—  P ro g re s s  in u n d e rs tan d in g  s ta r fo rm a tio n  incre a s in g ly  c o m e s  th ro u g h  an  u n d e rs tan d in g  o f th e  k in e m a tic s  o f s ta r-fo rm in g  re g io n s  a n d  c o res . M u c h  is know n  a b o u t th e  k in e m a t­
ics o f lo w -m a s s  re g io n s  an d  c o re s , but less  a b o u t th e ir  h ig h e r m a s s  c o u n te rp arts . O n e  s uch  reg ion  in o u r g a la x y , N G C  7 5 3 8 , is th e  h o m e  o f a  s p e c ta c u la r  c la s s  0  c o re  c an d id a te , 
N G C  7 5 3 8 , w h ich  h a s  a  y o u n g  ou tflo w  an d  d isk  o f s e v e ra l h u n d re d  s o la r  m a s s e s  (S a n d e ll, W rig h t, &  F o rs te r  2 0 0 3 , A p J , 5 9 0 L , 4 5 ) . W e  a re  s tudyin g  th e  m a s s iv e  y o u n g  c o re s  o f 
N G C  7 5 3 8 , w ith  an  e y e  to w a rd  th e ir  k in e m a tic  p ro p e rties . W e  h a v e  a c q u ire d  S C U B A  c o n tin u u m  m a p s  a t 8 5 0  an d  4 5 0  m icrons  o f th e  e n tire  reg ion , a s  w e ll a s  h igh -reso lu tion  
B IM A  an d  V L A  line m a p s  o f s e le c t c o re s  in up to  s e v e n  d iffe ren t m o le c u la r  k in e m a tic  p ro b e s . A n a ly s is  o f th is  d a ta  is proving c o m p le x , but w e  p re se n t s o m e  p re lim in a ry  resu lts  
h e re .

* This work is being supported by NSERC.
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C h a ra c te r iz in g  th e  O u tflo w  o f W 2 8 A 2 , P a m e la  K la a s s e n  1, R . P lu m e  1, R . O u y e d  1 an d  J. D iF ra n c e s c o  2, 1 U n ive rs ity  o f  C a lg a ry  a n d  2 H e rz b e rg  Institu te  o f A s tro p h y s ic s  —  
T h e  fo rm a tio n  o f h igh m a s s  s ta rs  is less  w e ll u n d e rs to o d  th a n  th a t o f lo w e r m a s s  s ta rs  d u e  to  th e  s h o rte r tim e  s c a le s  a n d  la rg e r d is ta n c e s  invo lved . O n e  o f th e  e a r lie s t s ta g e s  o f 
high m a s s  s ta r fo rm a tio n  consis ts  o f  a  period  o f ou tflo w  w h ich  c an  b e  s tu d ied  th roug h  its im p ac t on its e n v iro n m e n t. W e  p re se n t o b s e rv a tio n s  o f W 2 8 A 2 , a  shell like U ltra c o m p a c t  
H II reg ion  a s s o c ia te d  w ith  o n e  o f th e  y o u n g e s t a n d  m ost e n e rg e tic  ou tflo w s  in th e  G a la x y  (O 6 s ta r). U s in g  th e  J a m e s  C le rk  M a x w e ll T e le s c o p e , w e  h a v e  o b s erv e d  th e  ou tflo w  in a  
n u m b e r o f tra n s itio n s  a n d  h a v e  d e riv e d  th e  a g e , m a ss , e x te n t, an d  ve lo c ity  o f th e  outflow . In o rd e r to  b e tte r  co n stra in  th e  driv ing  m e c h a n is m  o f th e  outflow , w e  h a v e  co n d u c ted  
m a g n e to -h y d ro d y n a m ic  s im u la tio n s  (us ing  Z e u s -M P  an d  J e tg e t) o f  a  h ig h -ve lo c ity  je t  im pacting  on a  s u rround ing  m o le c u la r  e n v e lo p e .
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M a p p in g  th e  S pria l S t r u c tu r e d  th e  M ilky  W a y  G a la x y * ,S a u l D a v i s 1, H .B . R ic h e r 1, J .S . K a lir a i1 , G. F a h lm a n  1, G . B o n o 2 an d  M . C ig n o n i3 , 1 U n ive rs tiy  o f  B ritish  C o lum bia ,
2 O ss e rv a to r io  di R o m a  a n d  3 U n iv ers ita  " d eg li S tud i di P is a  —  T h e  d e ta ils  o f th e  sp ira l s tru c tu re  o f th e  M ilky  W a y  re m a in  poorly  un d e rs to o d . T h is  p ro jec t a tte m p ts  to  p rov id e  us  
w ith  a  m o re  c o m p le te  p ictu re  o f  o u r ow n  G a la x y  - W e  h a v e  o b ta in e d  im a g e s  o f 19  o p e n  c lu s te rs  in th e  d isk  o f  th e  M ilky  W a y . T h e s e  c lu s te rs  a re  p re d o m in an tly  in th e  q u a d ra n t  
o f th e  G a la x y  o p p o s ite  to  th e  G a la c t ic  c e n te r  ( 1 3 5 °  < l < 2 2 5  °), a n d  o v e r  h a lf a re  a t low  la titu d e  (b  < 5 ° ) .  T h e  im a g e s  w e re  o b ta in e d  w ith  C F H 1 2 k , fo r th e  C F H T  O p e n  S ta r  
C lu s te r  S u rve y , a n d  re p re s e n t a  un iq u e  d a ta  s e t in te rm s  o f a re a  (0 .2 2  s q u a re  d e g re e s  p e r  im a g e ) a nd  d e p th  (V ~ 2 3 )  in th is  reg ion  o f th e  sky. T h e  c o lo u r-m a g n itu d e  d ia g ra m s  
(C M D s ) o f th e  v a r io u s  lin es  o f s igh t look  m a rk e d ly  d iffe ren t. M o s t obv io u s, is th e  d iffe re n c e  b e tw e e n  th e  lines  o f  sigh t w ith  b > 5 °  a n d  th o s e  w ith  b < 5 ° ,  y e t m o re  s ub tle  d is tinc ­
tio n s  a p p e a r  b e tw e e n  th e  lo w -la titu d e  lines  o f sigh t w ith  a re  p re su m a b ly  a ttr ib u ta b le  to  th e  p re s e n c e  o f s p ira l a rm s . By s im u la tin g  C M D s  w e  h o p e  to  be  a b le  to  co n stra in  v ario u s  
p a ra m e te rs  th a t d e s c rib e  th e  G a la x y , s uch  a s  s c a le -le n g th  an d  s c a le  h e ig h t o f  th e  d isk , s ta r  fo rm a tio n  history o f  th e  d isk , in itia l-m a s s  func tion  o f th e  h a lo , an d  fina lly , th e  p re c is e  
loca tion  an d  e x te n t o f th e  s p ira l a rm s . E arly  resu lts  w ill be  p re s e n te d .

* This work is being supported by UBC.
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In fra red  Im ag in g  o f  P ro to c lu s te rs  in th e  O rio n  B M o le c u la r  C lo u d , A s h le y  J . R u ite r  an d  G e o rg e  F. M itc h e ll, S a in t M a ry ’s  U n ive rs ity  —  S u b -m illim e tre  m a p p in g  o f  O rio n  B using  
S C U B A  (M itch e ll e t a l. 2 0 0 1 , A p J , 5 5 6 , 2 1 5 )  h a s  re v e a le d  a  la rg e  p opu la tion  o f c o m p a c t c o res , m ost o f w h ich  a re  c lu s te re d  in w e ll-s e p a ra te d  re g io n s . In th re e  n ights  in J an u a ry  
2 0 0 3 , w e  o b ta in e d  n e a r-in fra re d  im a g e s  o f tw o  o f th e s e  reg ion s. U s in g  th e  C F H T - IR  c a m e ra  on th e  C a n a d a -F ra n c e -H a w a ii te le s c o p e , w e  im ag e d  N G C  2 0 6 8  a n d  N G C  2 0 7 1  in a  
n a rro w  b a n d  K -co n tin u u m  filter, a n d  in a  n a rro w  band  filte r c e n tre d  on th e  2 .1 2 2  μ m  line o f H 2. T h is  v ib ra tio n a l H 2 line is a  w e ll-k n o w n  d iag n o stic  fo r s h o ck e d  g a s  a n d  rad ia tive ly  
e x c ite d  g a s . W h e n  it is o b s e rv e d  in re g io n s  o f a c tiv e  s ta r fo rm a tio n , th e  exc iting  m e c h a n is m  2is o ften  s h o ck  excita2tion  by a n  outflow . T h e  IR  im a g e s  s h o w  c o n tin u u m  point s o u rce s  
(s ta rs ), an d  re g io n s  o f e x te n d e d  m o le c u la r  h yd ro g en  e m is s io n . S o m e  c o re s  s h o w  a  c o in c id e n t in fra red  s o u rc e , w h ile  o th e rs  s h o w  no sign o f an  a s s o c ia te d  IR  s o u rc e . T h e  la tte r  
s ituatio n  is an  ind ication  th a t th e  c o re  in q u e s tio n , if co n ta in in g  a  fo rm in g  star, is d e e p ly  e m b e d d e d . S in c e  d e e p ly  e m b e d d e d  p re -s te lla r  c o res  w ill h a v e  no  o b v io u s  a s s o c ia te d  K  
n a rro w  b a n d  e m is s io n , th e  H 2 m a p  an d  a  C O  m a p  o f h igh -ve loc ity  g a s  a re  usefu l p ro b e s  o f th e  physica l p ro c e s s e s  w h ich  a re  tak in g  p la c e  in th e  v ic in ity  o f  e a c h  c o re . W e  will 
p re se n t th e  H 2 a n d  K  c o n tin u u m  im a g e s , c o m p arin g  th e  e m is s io n  w ith  th e  S C U B A  m a p  a n d  w ith  a  p rev ious ly  o b ta in e d  m a p  o f C O . In particu lar, w e  w ill d isc u s s  th e  im p lica tions  o f 
th e s e  n e w  obs2e rv a tio n s  fo r  th e  e vo lu tio n a ry  s ta te  o f th e  S C U B A  cores .
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S tarligh t E xc ita tion  O f  P e rm itte d  L in e s  In T h e  O rio n  N e b u la *, K e v in  B la g r a v e  an d  P.G . M a rtin , CITA, U n ive rs ity  o f  Toronto  —  R o b u s t a b u n d a n c e  c a lc u la tio n s  fo r g a s e o u s  n e b u ­
la e  re q u ire  k n o w le d g e  o f line  fo rm a tio n  m e c h a n is m s  fo r a  m u ltitu d e  o f lines , e n c o m p a s s in g  both pe rm itte d  a n d  fo rb id d e n . P e rm itte d  lines  a re  usually  a s s o c ia te d  w ith  c a s c a d e s  
a fte r  re co m b in a tio n . H o w e v e r, th e re  is o ften  a  s iz e a b le  (o r e v e n  o v e rw h e lm in g ) con tribution  fro m  flu o re s c e n c e  p ro c e s s e s  (e .g ., exc ita tio n  by s ta rligh t). H e re , using  d a ta  from  
d e e p  op tica l e c h e lle  sp ec tro sco p y, w e  con firm  (a n d  e x te n d  th e  a n a ly s is  o f) th e  line fo rm a tio n  m e c h a n is m s  w h ich  had  b e e n  p re d ic te d  fo r  p e rm itte d  lines  o f s e v e ra l ions. W e  d e v e l­
o p  a  c o m p le te ly  in d e p e n d e n t m e th o d  b a se d  on th e  ion izatio n  a n d  v e loc ity  s tru c tu re  o f th e  O rio n  N e b u la  a s  d e te rm in e d  fro m  fo rb id d e n  lines  in th e  c o n te x t o f ph o to io n iza tio n  m o d ­
e ls .

* This work is being supported by NSERC.
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M o le c u la r  H y d ro g e n  in a  S a m p le  o f C oo lin g  F lo w  C lu s te rs  L o u is e  E d w a r d s  1, C . R o b e r t1 an d  F. M a r le a u  2, 1 U n ive rs ité  L a v a l a n d  2 S IR T F  S c ie n c e  C e n tre  —  W e  p re se n t im a g ­
ing d a ta  o f  th e  coo ling  flo w  c lu s te rs  A b e ll 6 4 4 , A b e ll 4 0 0  a n d  A b e ll 1 7 9 5  ta k e n  w ith  C F H T - IR  in th e  in fra red . T h e s e  c lu s te rs  a re  a ll coo ling  flow s  o f m o d e ra te  m a s s  d e position  
ra te s  (2 0 0 , 1 0 0  an d  10  s o la r m a s s e s  p e r y e a r , re sp e c tive ly ). W ith  p ro p e r d a ta  red u ctio n , th e  use  o f  n a rro w  band  filte rs  c an  p ro v id e  th e  1 -0  S (1 )  e m is s io n  line o f m o le c u la r  hy d ro ­
g e n . F o r A b e ll 1 7 9 5 , w e  report th e  m o le c u la r  hy d ro g en  flux  o f th e  c en tra l d o m in a n t ga la x y , a s  w e ll a s  d isc u s s  th e  first d e te c tio n s  o f m o le c u la r  h yd ro g en  e m is s io n  fo u n d  in coo ling  
flo w  c lu s te r g a la x y  o th e r th a n  th e  C D G . W e  d e s c rib e  th e  e m is s io n  m o rp h o lo g y  o f th e  C D G  e m is s io n  foun d  fo r A b e ll 1 7 9 5  a n d  re la te  it to  possib le  e m iss io n  m e c h a n is m s . W e  
c o m p a re  o u r m e a s u re m e n ts  w ith  D o n a h u e  e t a l. (2 0 0 0 ) w h o  h a v e  p ub lish ed  s im ila r w o rk  fo r th re e  o th e r coo ling  flo w  c lus te rs . F o r A b e ll 4 0 0  an d  A b e ll 6 4 4  w e  p re se n t th e  p re lim i­
nary  resu lts  o f  o u r d a ta  an a ly s is .

M O -P O S -5 5

S tu d ie s  o f a n  In te rg a la c tic  N e u tra l H y d ro g e n  C lo u d , J a y a n n e  E n g lis h  1, B. K o r ib a ls k i2 a n d  K .C . F re e m a n  3 , 1 U n ive rs ity  o f  M an itoba ,  2 A u s tra lia  T e le s c o p e  N a tio n a l F acility  and
3 R S A A , A u s tra lia n  N a tio n a l U n ivers ity  —  A n  in te rg a la c tic  H I c lou d  o f a  fe w  billion s o la r  m a s s e s , previous ly  d e te c te d  using th e  P a rk e s  R a d io  T e le s c o p e  a n d  th e  A u s tra lia  
T e le s c o p e  C o m p a c t A rra y  (A T C A ) (E n g lish  1 9 9 4 ; F re e m a n  e t al. 1 9 9 6 ) , h a s  b e e n  c o n firm ed  in fu rth e r  A T C A  o b s e rv a tio n s  o f th e  N G C  3 2 5 6  g a la x y  g roup . T h e  g roup  c o n ta in s  th e  
p ro m in en t m e rg in g  g a la x y  N G C  3 2 5 6 , w h ich  is s u rro u n d ed  by a  n u m b e r o f H I fra g m e n ts  (E n g lish  e t  al. 2 0 0 3 ) ,  th e  tida lly  d is tu rb ed  g a la x y  n G c  3 2 6 3  (K oriba lsk i e t a l., in p re p .), 
a n d  s e v e ra l o th e r  g a la x ie s . U s ing  A T C A  H I d a ta  w e  e x a m in e  th e  n a tu re  o f th is  m a s s iv e  g a s  c lou d an d  its re la tio n s h ip  to  th e  ne ig h b o u rin g  g a la x ie s . T h is  could b e  a  p rim ord ial 
“g a la x y  bu ild ing  b lock”. H o w e v e r  th e  c lo u d ’s p ro p e rties , in c o n junctio n  w ith  th e  sp atia l e x te n ts  a n d  v e lo c ity  b e h a v io u rs  o f th e  g ro u p ’s m a jo r g a la x ie s , m a y  in d ica te  th a t it o rig in ated  
ou t o f tida l deb ris .
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A  G a lle ry  o f  G a la x ie s  in th e  H u b b le  D e e p  F ie ld  S o u th , T h e r e s a  W i e g e r t 1 2 , D .F . d e  M e llo  3 an d  C . H ore llo u  2, 1 U n ive rs ity  o f  M an itoba ,  2 O nsa la  S p ace  O bse rva to ry ; and  
3 G o d d a rd  S p a c e  F light C e n te r  —  W e  h a v e  ap p lie d  a  p h o to m etric  redsh ift te c h n iq u e  using s p ec tra l e n e rg y  d istribution  te m p la te s  to  th e  W F P C 2  im a g e s  o f  th e  H u b b le  D e e p  F ie ld  
S o u th . A s  a  resu lt, a  c a ta lo g u e  o f  114 2  o b je c ts  w ith  p h o to m etric  redsh ifts  an d  s p ec tra l ty p e s  w a s  p ro d u c ed , sh o w in g  th e  redsh ift d istribution  o f g a la x y  s p ec tra l ty p e s . T h e re  is a
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d e c re a s e  in e a r ly -ty p e  g a la x ie s  fo r h ig h e r redsh ifts  (z > 1 ) , w h ile  th e  a m o u n t o f ir re g u la r a n d  s ta rb u rst g a la x ie s  in c re a s e s . A  s u b s a m p le  o f th e  g a la x ie s  is d isp la y ed  in a  ga llery, 
sh o w in g  th e  re liab ility  o f using s p ec tra l e n e rg y  d is trib u tions  fo r calc u la tin g  p h o to m etric  redsh ifts . T h e  w o rk  w a s  d o n e  a s  part o f a  m a s te r ’s  th e s is  p ro jec t a t O n s a la  S p a c e  
O b se rv a to ry .

M O -P O S -5 7

T h e  N O A Q  F u n d a m e n ta l P la n e  S u rv e y , R u s s e ll  S m ith  1, M .J . H u d s o n  1, R .L . D a v ie s 2 , J .R . Lu c ey  3, J .E . N e la n  4, D . S c h a d e 5 , N .B . S u n tz e f f6 a n d  G .A . W e g n e r 4, 1 U n ive rs ity  o f  
W aterloo , 2 O xfo rd  U n ivers ity , ^ U n iv e rs ity  o f D u rh a m , 4 D a rtm o u th  C o lle g e , 5H IA /C A D C  an d  6C T IO /N O A O  —  T h e  N O A O  F u n d a m e n ta l P la n e  S u rv e y  (N F P S )  is a  w id e  fie ld  
im ag in g  a n d  s p ec tro s co p ic  su rve y  o f th e  ~ 1 0 0  n e a re s t X -ra y  lu m in o u s  g a la x y  c lus te rs , w ith  tw o  p rincipa l s c ie n c e  go a ls : (1 ) to  m e a s u re  d is ta n c e s  a n d  p e cu lia r v e lo c it ies  throug h  
th e  F u n d a m e n ta l P la n e  re la tio n , to  p ro b e  la rg e -s c a le  flo w s  to  ~ 2 0 0 h _1, M p c ; a n d  (2 ) to  s tudy  th e  s truc tu ra l, m o rp h o lo g ic a l a n d  s ta r-fo rm a tio n  p ro p e rties  o f th e  c lu s te r  g a la x y  p o p u ­
latio n . H e re , I p re se n t s o m e  p re lim in a ry  resu lts  in e a c h  o f  th e s e  c a te g o rie s , a n d  d isc u s s  s o m e  m u lti-w a v e le n g th  fo llo w -u p  s tu d ies  b a se d  upon th e  N F P S  s a m p le .

M O -P O S -5 8

C h a n g e s  in th e  R a d io  Im a g e  o f Q u a s a r  3 C 4 5 4 .3  a n d  th e ir  P o ss ib le  E ffec t on th e  V L B I A s tro m e try  fo r th e  G u id e  S ta r  o f th e  G ra y itv  P ro b e  B M is s io n *, R y a n  R a n s o m  1,
J .I. L e d e rm a n  1, N . B a r te l1 M .F . B ie te n h o lz  1, D .E . L e b a c h  2 , M .I .  R a tn e r 2 , I.I. S h a p iro  2 an d  J .-F . L e s t r a d e 3, 1 York U n ive rs ity , 2 H a rv a rd -S m ith s o n ia n  C e n te r  fo r  A s tro p h y s ic s  and  
3 O b s e rv a to ire  d e  P a r is -D E M IR M  —  S in c e  1 9 9 7  w e  h a v e  o b s e rv e d  th e  q u a s a r  3 C 4 5 4 .3  a t 3 .6  cm  w ith  a  V L B I a rra y  o f 12 o r  m o re  s ta tions  a b o u t fo u r tim e s  p e r y e a r  in su p p o rt o f 
th e  N A S A -S ta n fo rd  re la tiv ity  g y ro sc o p e  e x p e rim e n t, G ra v ity  P ro b e  B (G P -B ) . T h is  q u a s a r  is a  p h a s e  re fe re n c e  s o u rce  fo r th e  im ag in g  a n d  a s tro m e try  o f  th e  m iss ion  g u id e  star,
H R  8 7 0 3 , w h ich  w e  o b s e rv e d  during  th e  s a m e  s es s io n s . W e  p re se n t a  s e le c tio n  o f  V L B I im a g e s  o f 3 C 4 5 4 .3  p ro d u c ed  fro m  o b s e rv a tio n s  b e tw e e n  J a n u a ry  1 9 9 7  an d  D e c e m b e r  
2 0 0 3 . T h e  im a g e s  s h o w  c h a n g e s  in th e  reg ion  w ith in  1 .5  m a s  o f th e  rad io  c o re  o f th e  q u a sa r. W e  a ls o  e x a m in e  th e  e ffe c t o f th e s e  c h a n g e s  on o u r a s tro m e tric  resu lts  fo r H R  
8 7 0 3 .

* This work is being supported by NASA, NSERC.
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A  S te p  C lo s e r  to  th e  D e te c tio n  o f th e  R e io n iz a tio n  E p o c h , S a s a  N e d e ljk o v ic ,  C .B . N e tte rfie ld  a n d  U . P e n , U n iv e rs ity  o f  Toronto  —  A p p ro x im a tiv e ly  a  billion y e a rs  a fte r  th e  Big 
B a n g , th e  first s ta rs  re io n ize d  th e  u n iv ers e  a n d  e n d e d  th e  s o -c a lle d  D a rk  A g e s . In m a n y  m o d e ls , th e  re io n iza tio n  o c cu rs  rap id ly  m a k in g  a  s h a rp  s te p  in th e  s p e c tra  fro m  th e  
q u e n c h in g  o f th e  re d sh ifted  2 1 c m  line. T h e  s te p  is e x p e c te d  to  be  v is ib le  b e tw e e n  7 0 -2 4 0 M H z  fo r Z _ re io n  =  5  to  2 0 . T h e  s te p  is e x p e c te d  to  be  a ro u n d  1 5 m K , w h ich  is eas ily  
d e te c ta b le  fro m  a  s ig n a l to  n o is e  point o f v ie w . H o w e v e r, th e  s ig n a l is 5  o rd e rs  o f m a g n itu d e  s m a lle r  th a n  th e  fo rg ro u n d s , co m p lic atin g  th e  ta s k  o f d e te c tio n . W ith  la rg e  rad io  instru ­
m e n ts  s uch  a s  P A S T, C L A R , L O F A R  an d  u ltim ate ly  S K A  on th e  w ay , w e  g ive  th e  u p d a te  o f th e  s m all in s tru m en t built p rim ary  fo r th e  d e te c tio n  o f th e  re io n iza tio n  s te p : T R E X  
(2 1 c m  R e io n iz a tio n  E X p e r im e n t). T h is  p o s te r  w ill g ive  an  o v e rv ie w  o f  th e  la tes t in s tru m en t sp ec ifica tio n .
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V is u a liz in g  th e  C M B  th ro u g h  th e  D ust : A  N e w  G e n e ra tio n  o f IR A S  M a p s *, M a r c -A n to in e  M iv i l le -D e s c h e n e s 1 an d  G. L a g a c h e 2, 1 C a nad ian  In s titu te  fo r  T h e o re tica l A s tro p h ys ics  
a n d  2 Institu t d ’A s tro p h y s iq u e  S p a tia le  —  T w e n ty  y e a rs  a g o  th e  IR A S  s a te llite  m a d e  an  a ll-s k y  s u rve y  in th e  m id /fa r-in fra re d  th a t had  a  tre m e n d o u s  im p ac t on m o d e rn  a s tro ­
physics . In th is  con tribu tion  I w ill s h o w  th a t IR A S  w ill still be  a  c rucia l e le m e n t fo r c o sm o lo g ic a l m iss ions  to  c o m e  like P la n c k , an  E u ro p e a n  s a te llite  (w ith  C a n a d ia n  con tribu tion ) 
th a t w ill b e  lau n ch e d  in 2 0 0 7  a n d  th a t w ill m a p  th e  w h o le  sky  in th e  s u b m m /m m  ra n g e . T h e  m a in  sc ien tific  g o a l o f P la n c k  is to  s tudy  th e  c o sm ic  m ic ro w a v e  b a ck g ro u n d  but o n e  o f 
th e  b ig g e st c h a lle n g e  o f  P la n c k  is to  b e  a b le  to  s e p a ra te  th e  n u m e ro u s  e m is s io n  c o m p o n e n ts  in th a t fre q u e n c y  ra n g e  (d u s t e m is s io n , syn c h ro tro n , fre e - fre e ). To ta c k le  th is  p rob ­
lem , e x te rn a l d a ta  s ets , w h ich  p ro b e  s p ec ific  c o m p o n e n ts , a re  n e e d e d . W ith  its fu ll-sky  c o v e ra g e  an d  a rc m in u te  reso lu tio n , th e  IR A S  d a ta , th a t p ro b e  th e  dus t e m is s io n  o f th e  
in te rs te lla r m e d iu m , w ill be  a  key  p la y e r in th e  a n a ly s is  o f  th e  P la n c k  d a ta . U n fo rtu n a te ly , th e  a v a ila b le  IR A S  product s u ffe rs  fro m  s e v e ra l in s tru m en ta l e ffe c ts  th a t p re ve n t its use  
fo r  d e ta ile d  C M B  a n a ly s is . In th is  c o n te x t w e  h a v e  p e rfo rm ed  a  to tally  n e w  re p ro ce ss in g  o f th e  IR A S  d a ta , b a se d  on th e  k n o w le d g e  acq u ire d  re ce n tly  on  th e  b e h a v io r  o f ph o to ­
c o n d u c to rs  an d  using  m o d e rn  d a ta  a n a ly s is  te c h n iq u e s . In th is  con tribu tion  I w ill p re se n t th e  im a g e  p ro c es s in g  te c h n iq u e s  w e  u sed  to  im p ro ve  s ign ifican tly  th e  qua lity  an d  re lia b il­
ity o f  th e  IR A S  d a ta . T h is  n e w  g e n e ra tio n  o f IR A S  d a ta  o p e n s  v ery  exc tin g in g  n e w  p e rs p e c tiv e s  on th e  s tudy o f th e  in te rs te lla r m e id u m  but it w ill a ls o  be  e s s e n tia l fo r th e  a n a ly s is  
o f C M B  d a ta .

* This work is being supported by Canadian Space Agency.
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D istribu tion  o f th e  S u b m illim e tre  P o p u la tio n  o f G a la x ie s , V je r a  M io v ic  an d  C .B . N e tte rfie ld , U n ive rs ity  o f  Toronto  —  T h e  s o u rce s  d e te c te d  by th e  g ro u n d -b a s e d  s u b -m m  s u rve ys  
a re  u n d e rs to o d  to  b e  dusty  g a la x ie s  e x p e rie n c in g  m a ss ive  bursts  o f  s ta r-fo rm a tio n . T h e  lack  o f th e  p re c is e  redsh ift d e te rm in a tio n  o f th e s e  s o u rce s  an d  o f th e  c o u n te rp art iden tifi­
catio n  in rad io  a n d  o th e r w a v e b a n d s , p re v e n ts  a  re lia b le  e s t im a te  o f th e  e vo lu tio n a ry  h istory  o f th e s e  g a la x ie s . P rev io u s  s tu d ies  h a v e  in ve s tig a ted  find ing  th e  p h o to m etric  redsh ifts  
o f iden tified  point s o u rc e s  a b o v e  th e  c o n fus ion  l im it[1]. W e  in v e s tig a te  th e  possib ility  o f  co n stra in in g  th e  lum inosity  an d  d e n s ity  evo lu tion  o f  s u b -m m  g a la x ie s  using a  d ifferen t 
a p p ro a c h  -  e xtra c tin g  in fo rm ation  fro m  th e  s ta tis tics  o f th e  u n re so lv ed  s o u rce s  d e te c te d  b e yo n d  th e  “c on fus ion  lim it”. T h e  resu lts  fro m  o u r s im u la tio n s  c an  be  u sed  to  a n a ly s e  th e  
d a ta  fro m  s u b -m m  s u rve ys , such  a s  S p itze r, B L A S T  o r  H e rs c h e l.

1. Hughes e t al, 2002
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A  D e e p  N e a r - IR  Look A t D u s ty  S u b m illim e tre  G a la x ie s * , A le x a n d r a  P o p e 1, D . S c o t t1 an d  C . B orys  2 , 1 U n ive rs ity  o f  B ritish  C o lum b ia  an d  2 C a lte c h  —  T h e  s tudy  o f s u b -m m  
g a la x ie s  a t op tica l w a v e le n g th s  is d ifficult g iven  th a t th e  op tical im a g e s  a re  h ighly o b s cu re d  by dus t a n d  th e re  a re  o ften  s e v e ra l pos sib le  co u n te rp arts . W e  h a v e  b e e n  fo rc e d  to  
c h a ra c te r iz e  th e  en tire  pop u la tio n  o f s u b -m m  g a la x ie s  by th e  s u b -s a m p le  o f s o u rc e s  th a t h a v e  ra d io  c o u n te rp arts . T h e re  is a  n e e d  fo r d e e p  n e a r - IR  im a g e s  o f th e s e  dusty  g a la x ­
ies  in o rd e r to  s tu d y  th e  ra d io -u n d e te c te d  s u b -s a m p le  an d  th u s  u n d e rs tan d  th e  e n tire  s u b -m m  p o pu la tion . W e  h a v e  b e e n  c om piling  a  s u b -m m  m a p  o f  th e  G re a t O b s e rv a to r ie s  
O rig in s  D e e p  S u rv e y  (G O O D S ) N orth  fie ld . G O O D S  is a  h u g e  m u lti-w a v e le n g th  c a m p a ig n  to  un ite  th e  d e e p e s t o b s e rv a tio n s  fro m  N A S A ’s  big th re e  s p a c e  o b s erv a to ries : H S T , 
C h a n d ra  a n d  S p itzer, to  s tudy g a la x y  fo rm a tio n  an d  evo lu tio n . W e  h a v e  u sed  th e  A C S  H S T  im a g e s  fro m  G O O D S  to  s tudy  a  la rg e  s a m p le  o f 8 5 0  m icron  s o u rce s . W ith  th e  depth  
a c h ie v e d  by th is  survey , n e a r - IR  c o u n te rp arts  h a v e  b e e n  fo u n d  fo r th e  m a jo rity  o f  th e  ra d io -d e te c te d  s u b -m m  s o u rce s . T h e  co lo urs , m o rp h o lo g ie s  a n d  p h o to m etric  redsh ifts  o f 
th e s e  s e c u re  iden tifica tio n s  can  be  u sed  to  c h a ra c te r iz e  th e  op tical p ro p e rties  o f  dusty  s u b -m m  g a la x ie s  to  h e lp  identify  c o u n te rp arts  to  th e  b la n k - fie ld  s o u rce s . C e rta in  c o m b in a ­
tio n s  o f n e a r - IR  p ro p e rties  c an  be  u sed  to  su ccess fu lly  iden tify  th e  c o u n te rp art to  a  s u b -m m  s o u rce .

* This work is being supported by NSERC/NRC.
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R e s u lts  fro m  th e  B O O M E R A N G  2 0 0 3  A n tarc tic  L D B  F lig h t, C a r r ie  M a c T a v is h , U n ive rs ity  o f  Toronto  /  B O O M E R A N G  co lla b o ra tio n  —  B O O M E R A N G  is a  b a llo o n -b o rn e , 
m ic ro w a v e  te le s c o p e  w ith  p o la risation  s e n s itive  bo lo m etric  d e te c to rs . It is d e s ig n e d  to  m e a s u re  th e  p o la riza tio n , a s  w e ll a s  th e  sm all s c a le  te m p e ra tu re  a n is o tro p ie s  o f th e  c o sm ic  
m ic ro w a v e  b a ck g ro u n d . In J a n u a ry  o f 2 0 0 3  th e  e x p e r im e n t m a p p e d  o v e r 2 0 0 0  s q u a re  d e g re e s  o f th e  sky  a t an  a n g u la r  reso lu tion  o f a p p ro x im a te ly  10  a rc m in u te s . T h e  m ost 
re ce n t resu lts  fro m  th e  a n a ly s is  o f th e  d a ta  o b ta in e d  fro m  th is  flight w ill be  p re s e n te d .
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M e ta llic ity  D is tribution  Function  o f  G a la x ie s  T h ro u g h  In fra red  C o lo rs , W a ld e m a r  O k o n 1, W .E . H a r r is 1 an d  D . C ra b tre e  2 , 1 M c M a s te r U n ive rs ity  a n d  2 H IA /N R C  —  G lo b u la r  c lu s ­
te rs  a ro u n d  g a la x ie s  p ro v id e  un iq u e  tra c e rs  o f th e ir  m e rg e r  a nd  fo rm a tio n  history a s  w e ll a s  th e  c lu s te r fo rm a tio n  itself. T h e  k ey  quan tity  w h ich  is re la te d  to  th e  g a la x y  e n ric h m e n t  
history  is th e  m e tallic ity  d istribution  func tion  (M D F ) .  T h e  M D F  is o f  m uch in te res t a n d  d e b a te  in c u rren t lite ra tu re , an d  its fin e  s tru c tu re , w h ich  c o n ta in s  th e  s eq u e n tia l s ta rb urst h is ­
to ry  o f a  ga la x y , is ske tc h ily  k now n . T h is  is b e c a u s e  m ost o f th e  cu rren t M D F  w o rk  is b a se d  on  th e  fu n d a m e n ta lly  in se n s itive  (V -I)  c o lo r index. W e  h a v e  u n d e rta ke n  a  p ro jec t 
w h ich  u s es  th e  (V -K ) c o lo r in d e x , w h ich  is m o re  th a n  fo u r tim e s  m o re  s e n s itive  to  m e tallic ity  th a n  (V - I) ,  to  c o n s id e rab ly  im p ro ve  on th e  c u rren t s ta te  o f  th e  q ua lity  o f  M D F s . Th is  
n e w  d a ta  w ill a llo w  us to  s tudy th e  M D F s  o f g a la x ie s  in m uch g re a te r  d e ta il th a n  previous ly  p ossib le , an d  h e n c e  w ill in c re a s e  th e  u n d e rs tan d in g  o f g a la x y  fo rm a tio n . W e  h a ve  
b e e n  using  th e  C F H T - IR  c a m e ra  on  th e  C a n a d a -F ra n c e -H a w a ii T e le s c o p e  to  ob ta in  d e e p  K -b an d  p h o to m etry  o f  g lo b u la r c lu s te rs  in th e  in te res ting  S 0  g a la x y  N G C  1 0 2 3  (w hich  
m a y  h a v e  a n  u nusua lly  w id e  m ixtu re  o f  c lu s te r a g e s ), th e  g ian t e llip tical M 8 7 , N G C  3 3 7 7 , 3 3 7 9 , 3 6 0 8 , M 6 0 , M 86, M 8 9  an d  N G C  2 7 6 8  during  th re e  ob s erv in g  runs. R e su lts  from  
d a ta  a n a ly s is  c o m p le te d  to  d a te  a re  p re s e n te d  h e re . T h e s e  inc lude  th e  c o lo r d istribution  (w h ich  c le arly  s h o w s  b im o d a lity  fo r M 8 7 ) ,  c o lo r-m a g n itu d e  a n d  co lo r-co lo r d ia g ra m s .
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D y n a m ic a l M a s s e s  o f G a la x y  C lu s te rs , K r is  B l in d e r t 1, H .K .C . Y e e 1, M .D . G la d d e r s 2 an d  E . E ll in g s o n 3 , 1 U n ivers ity  o f Toronto , 2 C a rn e g ie  O b s e rv a to r ie s  an d  3 U n ivers ity  o f 
C o lo ra d o  —  C o s m o lo g ic a l s im u la tio n s  p red ic t a  un iv ers a l d e n s ity  pro file  fo r g a la x y  c lu s te rs . In o rd e r to  te s t th is  p red ic tion  o n e  re q u ire s  a  la rg e  s a m p le  o f g a la x y  c lu s te rs  in a  
w id e  ra n g e  o f m a s s e s . To th is  e n d , w e  a re  c o m p le tin g  a  fo llo w -u p  su rve y  o f  a b o u t fo rty  g a la x y  c lu s te rs  s e le c te d  fro m  th e  R e d -S e q u e n c e  C lu s te r  S u rv e y  (R C S ) ,  w ith  redsh ifts  from  
0 .1 5  to  0 .6 ,  in a  w id e  ra n g e  o f c lu s te r rich n e s s . I w ill p re se n t s o m e  p re lim in a ry  resu lts  fo r  a  s u b s e t o f th e  c lus te rs , includ ing  th e  corre la tio n  o f op tica l rich n e s s  w ith  m a s s , an d  th e  
m a ss -to -lig h t ra tio  a s  a  func tion  o f c lu s te r m ass .

M O -P O S -66
A  P e c u lia r  P ro b e  o f th e  D a rk  M a tte r  D is tribu tion  o f L a rg e  S c a le  S tru c tu re * , R o b b i P ik e , U n ive rs ity  o f  W ate rloo  —  Q u an tify in g  p e cu lia r m otions  o f g a la x ie s  an d  c lus te rs  p ro v id es  a  
fu n d a m e n ta l too l fo r  p rob ing  th e  m a s s  d istribution  o f  la rg e  s c a le  s tru c tu re . It is b e lie ve d  th a t light tra c e s  m a s s  (a t lea s t w ith in  s o m e  b ias ing  s c h e m e ), perm itting  th e  u s e  g a la x ie s  
a s  tra c e rs  fo r th e  u nderly ing  d a rk  m a tte r  d istrib u tion . W ith in  th e  c o n fin e s  o f lin e a r  theory , p e cu lia r m otions , d u e  to  c o h e re n t g ra v ita tio n a l pulls  fro m  o v e rd e n s e  re g io n s  can  lea d  to
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v a lu a b le  in fo rm ation  p erta in ing  to  th e  co sm o lo g ic a l de n s ity  p a ra m e te r , Ω _ . T h e  p rim ary  g o a l o f th is  re s e a rc h  w a s  to  p la c e  co n stra in ts  on by m od e llin g  th e  g a la c tic  d e n s ity  and  
v e lo c ity  fie ld s  in th e  local u n iv ers e  (c z  ~  8 0 0 0  k m /s ). W h e n  c o m p arin g  o b s e rv e d  p e c u lia r  v e lo c it ie s  to  th a t w h ich  is p re d ic te d  fo r  a  g iven  d e n s ity  m ode l (v -v  c o m p a ris o n s ), th e  a im  
is a c tu a lly  to  m e a s u re  th e  p a ra m e te r  β =  Ω 06/ b ,  w h ich  d e p e n d in g  on h o w  w e ll m a s s  tra c e s  light is a  d e g e n e ra te  c o m b in a tio n  o f Qm a n d  th e  b ias ing  p a ra m e te r, b. W e  h a v e  c o m ­
p u ted  th e  d e n s ity  fie ld  fro m  g a la x y  d is trib u tions  fo r  both th e  2 M A S S  a n d  N O G  a ll sky redsh ift s u rv e y s  (m a g n itu d e  a n d  v o lu m e  lim ited  s a m p le s ) . T h e s e  a re  tra n s fo rm e d  into real 
s p a c e  density  fie ld s  th ro u g h  an  ite ra tiv e  p ro c e d u re  ou tlined  by Y ah il e t  al. (1 9 9 1 ) .  W e  use  th e  V E L M O D  m a x im u m  like liho od  te c h n iq u e  (W illick  e t al. 1 9 9 7 b ), m a k in g  v -v  c o m p a r­
ison s  w ith  s e v e ra l p e cu lia r v e lo c ity  d a ta s e ts  (S F I, S B F  a n d  s N la )  to  co n stra in  β. I w ill report on  o u r fin d in g s  a n d  d iscuss  h o w  th e y  fit in th e  c u rren t lite ra tu re , a s  w e ll a s  s hed  
s o m e  insight into th e  m o rp h o lo g ic a l d e p e n d e n c e s  fo r both e llip tica l an d  s p ira l g a la x ie s .

* This work has been supported by Hudson for the completion of a Masters program at the University of Waterloo.
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S C U B A -2 : A  S u b m illim e te r  B o lo m e te r  A rra y  C a m e ra  fo r th e  J C M T *  M ic h e l F ic h , (on  b e h a lf o f th e  S C U B A -2  T e a m ), U n ive rs ity  o f  W a te rloo  —  C a n a d ia n  a s tro n o m e rs  h a ve  
p lay e d  a  la rg e  ro le  in th e  s u cc e ss  o f S C U B A  on th e  J C M T . S C U B A  h a s  had  a  m a jo r im p act in m a n y  a re a s  o f a s tro n o m y  fro m  s o la r  s y s te m  re s e a rc h  ou t to  la rg e  s ca le  c o sm ology  
s tu d ies . S C U B A  h a s  b e e n  d e c la re d  to  be  th e  “m ost s u cc e ss fu l g ro u n d -b a s e d  in s tru m en t” in a  re c e n t s tudy. N o w  C a n a d ia n  a s tro n o m e rs  h a v e  an  o pportun ity  to  pa rtic ip a te  in th e  
construction  o f  a  re p la c e m e n t fo r  S C U B A . S C U B A -2  w ill b e  m a n y  h u n d re d  o f tim e s  fa s te r  th a n  S C U B A . T h is  w ill g e n e ra te  a  n e w  exp lo s io n  in s u b m illim e te r  re s e a rc h  a nd  d isc o v ­
e r ie s  a s  re vo lu tio n a ry  a s  th o s e  fo u n d  w ith  S C U B A . T h is  p o s te r w ill d isc u s s  th e  c u rren t s ta te  o f th e  d e v e lo p m e n t o f S C U B A -2  a n d  d e s c rib e  a  fe w  o f  th e  exc iting  s c ie n c e  p ro g ra m s  
th a t v a rio u s  g ro u p s  h a v e  p ro p o s ed  fo r th e  n e w  instrum ent.

* This work is being supported by CFA.
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In itia l O b s e rv a t io n s  w ith  th e  A re c ib o  S ig n a l P ro c e s s o r , R o b e r t  D . F e r d m a n  1, I .H . S ta ir s 1, D .J . N ic e 2, D .C . B a c k e r 3, R . R a m a c h a n d ra n  3 an d  P. D e m o r e s t3, 1 U n ive rs ity  o f  B ritish  
C o lum b ia , 2 P rin c e to n  U n ivers ity  a nd  3 U .C . B e rk e le y  —  T h e  A re c ib o  S ig n a l P ro c e s s o r (A S P ) is a  fle x ib le , s ta te -o f-th e -a rt w id e -b a n d w id th  ob s erv in g  s y s te m , fo r th e  acqu is ition  
a n d  a n a ly s is  o f rad io  te le s c o p e  s ig n a ls . T h e  p rim ary  a p p lic a tio n  driving th e  d e v e lo p m e n t o f th is  in s tru m en t is h ig h -p rec is io n  lo n g -te rm  tim ing  o f p re d o m in an tly  m illisecond  pu lsars . 
T h is  is a tta in e d  th roug h  c o h e re n t re m o va l o f  d isp ers io n  in troduced  into pu ls ar s ig n a ls  a s  th e y  tra v e rs e  th e  in te rs te lla r m e d iu m . T h e  s y s te m  w ill be  a b le  to  p ro c es s  th e  incom ing  
d a ta  s tre a m  in n e a r-re a l tim e , th ro u g h  a  n e tw o rk  o f p e rs o n a l c o m p u te rs , o v e r  a  ban d w id th  o f  6 4  M H z , in e a c h  o f tw o  p o la ris a tio n s . T h is  initial im p lem e n ta tio n  o f A S P  is a t th e  3 0 0 ­
m  A re c ib o  te le s c o p e  in P u e rto  R ico , in o rd e r to  ta k e  a d v a n ta g e  o f  its e n o rm o u s  sensitivity . W e  p re se n t p re lim in a ry  resu lts  o f  tim ing  a n d  flux  c a lib ra tio n s  w ith  A S P  fo r s e v e ra l pul­
s ars . C o m p a ris o n s  h a v e  b e en  m a d e , a nd  a re  s h o w n , b e tw e e n  A S P  resu lts  a n d  th o s e  o f s e v e ra l ex is ting  p u ls a r in s tru m en ts  rang in g  fro m  n a rro w  to  w id e  b a n d w id th s , an d  w h ich  
u s e  c o h e re n t a s  w e ll a s  in co h ere n t d e -d is p e rs io n . In particu lar, w e  s h o w  resu lts  o f para lle l tim ing  o b s erv a tio n s  w ith  th e  P rin c e to n  M a rk  IV  in stru m en t, a  n a rro w -b an d w id th  c o h e r­
e n t d e -d is p e rs io n  in stru m en t, an d  th e  p re cu rs o r tim ing  s y s te m  to  A S P . W e  b riefly  d isc u s s  s e v e ra l u p com ing  o b s erv a tio n s  w ith  A S P , a s  w e ll a s  p lan s  fo r installa tion  o f a  tw in instru ­
m e n t a t th e  1 0 0 -m  G re e n  B a n k  T e le s c o p e .

[MO-POS] At m o s p h e r ic  a n d  Spa c e  Ph y s ic s
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T re n d s  in R e la t iv e  H u m id ity  in C a n a d a  fro m  1 9 5 3 - 2 0 0 3 , W .A . v a n  W ijn g a a r d e n  1 a n d  L .A . V in c e n t2, 1 Y o rk  U n ive rs ity  a n d  2M e te o ro lo g ic a l S e rv ic e  o f C a n a d a  —  T h is  s tudy  
re ports  th e  a n a ly s is  o f  re la tiv e  hum id ity  d a ta  c o lle c ted  a t 7 5  s ta tions  th ro u g h o u t C a n a d a . F o r d a ta  a t e a c h  s ta tion , a  b est fit lin e a r  tre n d  e s tim a te d  th e  c h a n g e  during  1 9 5 3 -2 0 0 3  
a n d  a  s ta tistica l t tes t d e te rm in e d  w h e th e r  th e  tre n d  w a s  s ign ifican t. L a rg e  d e c re a s e s  in re la tiv e  hum id ity  o c c u r th ro u g h o u t C a n a d a  in w in te r  a n d  spring . T h e s e  resu lts  c o rre la te  
c lo s e ly  to  c h a n g e s  in d e w  point, te m p e ra tu re  a n d  p rec ip ita tio n . T h is  s tudy  s h o w s  th a t re la tiv e  hum id ity  is a  p o ten tia lly  usefu l in d ica to r o f c lim a te  c h a n g e
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A  Q u a n tita tiv e  A n a ly s is  on th e  E ffe c ts  o f P h ys ica l S pu tte rin g  in M e te o ro id  A b la tio n * , K y le  A . H ill ,  M o u n t A lliso n  U n iv e rs ity  —  C o n v e n tio n a l m e te o r a b la tio n  th e o ry  a s s u m e s  tha t 
during  a tm o s p h e ric  flight, a  m e teo ro id  u n d e rg o e s  in te n s iv e  h e a tin g  an d  m e te o ric  a to m s  e v a p o ra te  fro m  its s u rfa c e . L ight is th e n  p ro d u c ed  a s  th e  a b la te d  (e v a p o ra te d ) c o n ­
s titu e n ts  u n d e rg o  co llis io ns  w ith  th e  a tm o s p h e ric  m o le c u le s  an d  b e c o m e  e xc ite d . O u r  re s e a rc h  h a s  in ve s tig a ted  w h e th e r  a n o th e r  p ro c es s , physical spu tte rin g , could p lay a  s ign ifi­
c an t ro le  a s  an  a lte rn a tiv e  d is in teg ra tio n  p ro c es s . U s ing  a  4 th  o rd e r R u n g e -K u tta  n u m e ric a l in tegratio n  te c h n iq u e , w e  ran c o m p u te r  s im u la tio n s  w h ich  s im u lta n e o u s ly  so lv e d  th e  
a b la tio n  a n d  s p u tte ring  e q u a tio n s  during  th e  a tm o s p h e ric  flight fo r th e s e  m e te o ro id s . W e  m o d e le d  a s te ro id a l, c o m etary , a n d  po ro u s  m e te o ro id s  w ith  m a s s e s  rang in g  fro m  10-3 kg 
to  10-13 kg a n d  v e lo c ities  rang in g  fro m  1 1 .2  k m /s  to  71 k m /s . W e  find th a t w h ile  in m a n y  c a s e s  (p articu la rly  a t low  v e lo c itie s  a n d  fo r re la tive ly  la rg e  m e teo ro id  m a s s e s ) spu tte ring  
c o n trib u te s  on ly  a  s m all a m o u n t o f m a s s  loss  during  a tm o s p h e ric  flight, in s o m e  c a s e s  spu tte ring  is re sp o n s ib le  fo r a  larg e  fra ctio n  o f th e  m a s s  loss. T h e  im p act o f th is  w o rk  will 
b e  m ost d ra m a tic  fo r th e  v ery  s m all m e te o ro id s  o b s e rv e d  w ith  larg e  a p e rtu re  ra d ars , w h o s e  a b la tio n  p ro c es s  m a y  possib ly  b e  d o m in a te d  by spu tte rin g . T h e  he ig h ts  o f ab la tio n  
a n d  d e c e le ra tio n s  o b s e rv e d  using  th e s e  s y s te m s  m a y  p rov id e  e v id e n c e  in th e  fu tu re  fo r th e  im p o rta n c e  o f spu tte ring .

* This work is being supported by NSERC.
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T o rs io n -V ib ra tio n , T o rs ip n -R o ta tio n . a n d  V ib ra tio n -R o ta tio n  In te rac tio n  C o n s ta n ts  fo r C H 3O H  fro m  A b  In ito  C a lc u la tio n s , L i-H o n g  X u  1, J .T . H o u g e n  2 an d  R .M . L e e s 1, 1 U n ive rs ity  
o f  N e w  B ru n s w ic k  a nd  2 N a tio n a l Institu te  o f  S ta n d a rd s  an d  T e ch n o lo g y  —  T h is  is a  p ro g re ss  report on o u r effort to  in ve s tig a te  th e  possib ility  o f ob ta in in g  usefu l s p ec tro s o p ic  
in fo rm ation  fro m  a b  in it io  c a lc u la tio n s . P rev io u sly , w e  h a v e  s h o w n [1] th a t q u a n tu m  ch em is try  resu lts  fo r m e th a n o l a t th e  to p  a nd  bo ttom  o f th e  to rs io n a l b a rr ie r  cou ld  be  u sed  to  
d e te rm in e  th e  c o s 3 γ  d e p e n d e n c e  o f  th e  to rs io n a l po te n tia l e n e rg y  (i.e ., th e  b a rrie r h e ig h t) to  b e tte r  th a n  0 .5  % , an d  th e  c o s3 γ  d e p e n d e n c e  o f th e  ro ta tio n a l c o n stan ts  (th re e  d ia g o ­
na l a n d  o n e  o ff-d ia g o n a l) to  a c c u ra c ie s  rang in g  fro m  7 %  to  4 0  % . R e su lts  fo r a c e ta ld e h y d e  w e re  a b o u t te n  tim e s  w o rs e , th o u g h  th e s e  la rg e  d is c re p a n c ie s  could be  im p ro ve d  s ig ­
n ificantly  by a n  e m p iric a l a d ju s tm e n t p ro c ed u re . W e  th e n  h a v e  sh o w n  [2] th a t G 9 8  d e liv e re d  v ery  sm o o th  fo rc e  c o n stan t p lots a s  a  func tion  o f a n g le  a lo n g  th e  in te rna l rotation  
c o o rd in a te  (d e fin e d  to  be  0° a t th e  bo ttom  an d  6 0 °  a t th e  to p  o f th e  b a rrie r), a n d  th a t w h e n  s y m m e tr iz e d  c o o rd in a te s  (in th e  pe rm u ta tio n  invers ion  g ro u p  G 6)  w e re  u s ed , th e s e  
plots e xh ib ite d  th e  s in 3γ  o r c o s3 γ  b e h a v io r  e x p e c te d  fro m  th e  s y m m e try  s p e c ie s  o f th e  p a ir o f v ib ra tio n a l c o o rd in a te s  m u ltip lied  by th e  fo rc e  c o n stan t. In th e  p re s e n t p a p e r w e  
in v e s tig a te  a lg e b ra ic a lly  th e  m e a n in g  o f v a r io u s  o ff-d iag o n a l e le m e n ts  occurring  in a  H e s s ia n  m atrix  o b ta in e d  by ro ta ting  th e  C a rte s ia n  H e s s ia n  m atrix  (c on ta in ing  s ec o n d  d e riv a ­
tiv e s  o f th e  po te n tia l s u rfa c e ) to  a  c o o rd in a te  s y s te m  consis ting  o f 3 N -7  s m a ll-a m p litu d e  v ib ra tio n s  (w h e re  N  is th e  n u m b e r o f  a to m s  in th e  m o le c u le ), o n e  la rg e -a m p litu d e  v ib ra tion  
(th e  to rs io n ), th re e  o v era ll ro ta tions  o f  th e  m o le c u le , an d  th re e  tra n s la tio n s  o f th e  m o le c u le . W e  th e n  c o m p u te  th e s e  e le m e n ts  n u m e ric a lly  using  q u a n tu m  c h em is try  m e th o d s . 
F in a lly  w e  d iscuss  h o w  th e s e  e le m e n ts  c an  b e  ap p lie d  to  a n a ly s e s  o f v ib ra tio n -to rs io n -ro ta tio n  b a n d s  o f  m e th a n o l.

1. L.-H. Xu, R.M. Lees, and J.T. Hougen, J. Chem. Phys. 110, 3835-3841 (1999).
2. L.-H. Xu, J .T  Hougen, R.M. Lees, and M.A. Mekhtiev, J. Mol. Spectrosc. 214, 175-187 (2002).
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P ro g re s s  R e p o rt on  th e  M e a s u re m e n t o f  C e s iu m  E le c tro n -Im p a c t C ro s s  S e c tio n s  U s ing  a  M a g n e to -O p tic a l T ra p *, T .J . R e d d is h  1, J .A . M a c A s k il l1 , C . M c G ra th  1, D .P . S e c c o m b e 1, 
M . L u k o m s k i1, J . T e e u w e n  \  S . S u tto n  \  W . K e d z ie r s k i1, J .W . M c C o n k e y  \  W .A . v a n  W ijn g a a rd e n  2, I . B r a y 3, 1 U n ive rs ity  o f  W indsor, 2 Y o rk  U n iv ers ity  an d  3 M u rd o c h  U nivers ity , 
A u s tra lia  —  A  tra p p e d  C e s iu m  a to m  ta rg e t, p re p a re d  using a  m a g n e to -o p tic a l tra p  (M O T ) ,  is e x p o s e d  to  a  broad  m o n o c h ro m a tic  b e a m  o f e le c tro n s . S in c e  th e  in fra red  flu o re s ­
c e n c e  fro m  th e  tra p  is d irec tly  p ro p o rtio n a l to  th e  n u m b e r o f a to m s  in th e  tra p , th e  m e a s u re m e n t o f th e  d e c re a s e  in th e  flu o re s c e n c e  s ig n al, d u e  to  th e  in te rac tion  o f th e  e lec tron  
b e a m , p ro v id es  a  s tra ig h tfo rw ard  m e th o d  o f d e te rm in in g  e le c tro n -im p a c t c ro ss  s ec tio n s . T h is  te c h n iq u e , p io n e e re d  by Lin a n d  c o -w o rk e rs [1], d o e s  re q u ire  k n o w le d g e  o f th e  
a b s o lu te  ta rg e t density . T h e  c h o ice  o f an  a p p ro p ria te  pu lsing s c h e m e  e n a b le s  o n e  to  ob ta in  e ith e r  th e  g ro u n d  s ta te  (C s  6 2S ^ )  to ta l c ro ss  sec tion  o r  th a t fo r th e  6 ^ P ^  e xc ited  
s ta te ; ion isation  c ro ss  s e c tio n s  m ay  a ls o  be  d e te rm in e d . T h e  first resu lts  (1 0 0 -4 0 0  e V )  s h o w e d  good  a g re e m e n t w ith  c o n v e rg e n t c lo s e  couplin g  c a lc u la t io n s ^ . Im p ro v e m e n ts  to  
th e  e x p e rim e n ta l s e tu p  an d  n e w  resu lts  a t lo w e r e le c tro n  e n e rg ie s  w ill be  p re s e n te d  a t th e  c o n fe re n c e .

1. R.S. Schapp, et al Phys. Rev. Lett. 76 (1996) 4328.
2. J.A. MacAskill et al J. Elec. Spec. Rel. Phen, 123 (2002) 173.
* W e gratefully acknowledge CFI and NSERC for their support.
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M o d e lin g  o f C o llis io n -In d u c e d  L igh t S c a tte rin g  using M a th e m a t ic a /P ro a ra m m e  M a th e m a tic a  pour le ca lcu l d e  l’in te n s ité  d e  la d iffusion  d e  la lum iè re indu ite  p a r les  c h o cs *.
A n d r e w  S e n c h u k  an d  G e o rg e  T a b isz , U n ive rs ity  o f  M a n ito b a  —  C o llis io n -in d u ce d  light sca tte rin g  h a s  b e e n  o f g re a t in te res t fo r  m a n y  y e a rs  d u e  to  th e  insights  it g iv e s  on th e  
p hysics  o f  m o le c u la r  in te rac tio n s  a n d  d y n a m ic s . C a lc u la tio n  o f th e  s ca tte re d  in ten sities  usually  in vo lv e s  th e  m a n ip u la tio n  an d  couplin g  o f C a r te s ia n  te n s o rs  d escrib in g  th e  m u lti­
po le  p o la rizab ility  o f th e  a to m s  o r m o le c u le s  to g e th e r  w ith  te n s o rs  de sc rib in g  th e ir  in te rac tion . A s  m o re  c o m p lic a ted  e ffe c ts  b e tw e e n  th e  a to m s  a n d  th e  fie ld  a n d /o r  h ig h e r o rd e r  
in te rac tio n s  b e tw e e n  th e  a to m s  th e m s e lv e s  a re  c o n s id e re d , th e  ra n ks  o f th e  resu lting  te n s o rs  b e c o m e  la rg e . C o n s e q u e n tly  th e  resu lting  c o m p lex ity , aris ing  fro m  th e  s h e e r  n u m b e r  
o f te rm s  th a t n e e d  to  be  c o n s id e re d , m a k e s  th e  c a lc u la tio n  im p rac tic a l in a ll but th e  low est o rd e r c a s e s . H o w e v e r, th e  e ffe ct o f  th e  h ig h e r o rd e r in te rac tio n s  c a n n o t n e ce s sa rily  be  
d ism is se d  a s  be in g  neg lig ib le . To m a k e  th e  p ro b le m  m o re  tra c ta b le , o n e  can  re -e x p re s s  th e  th e o ry  in te rm s  o f irred u c ib le  s p h eric a l te n s o rs , w h o s e  s y m m e try  p ro p e rties  a llo w  only  
a  lim ited  n u m b e r o f  te rm s  fo r a  pa rticu la r po la rizab ility , a n d  c o u p le  acc o rd in g  to  th e  W ig n e r  coeffic ie n ts . T h is  is a d v a n ta g e o u s , a s  s o ftw a re  p a c k a g e s , like  M a th e m a t ic a , exis t 
w h ich  a re  a b le  to  c a lc u la te  th e s e  v e ry  quickly . T h u s  w e  p re se n t resu lts  o f  m od e lin g  co llis io n -in d u c ed  light sca tte rin g  using M a th e m a t ic a  in s p h e ric a l te n s o r fo rm a lis m . O u r  pro ­
g ra m  h a n d le s  a rb itrary  o rd e r p o la rizab ility  te n s o rs  an d  c an  c a lc u la te  in te rac tio n s  up to  s ec o n d -o rd e r.

* This work is being supported by CI PI.
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V a ria tio n a l C a lc u la tio n s  o f F o u r-B o d y  M o le c u la r  S y s te m s , Z . -C .  Y a n , U n iv e rs ity  o f  N e w  B ru n s w ic k  —  Fu lly  n o n a d ia b a tic  c a lc u la tio n s  a re  p e rfo rm ed  fo r  v a r io u s  fo u r-b o d y  tw o -c e n ­
te r  m o le c u la r  s y s te m s , using v a r ia tio n a l m e th o d  in H y lle ra a s  c o o rd in a te s . T h e  s y s te m s  u n d e r s tudy inc lude  H 2, H e H + , M u H , a n d  th e ir  iso to p e s . O u r  s tu d ies  d e m o n s tra te  th a t th e  
tra d itio n a l H y lle ra a s  c o o rd in a te s , w h ich  h a s  b e e n  u sed  w id e ly  fo r  o n e -c e n te r  a to m ic  s y s te m s , c an  be  e q u a lly  w e ll a p p lie d  to  tw o -c e n te r  m o le c u la r  s y s te m s . H ig h -p re c is io n  e n e rg y  
e ig e n v a lu e s  w ill b e  re ported .

M O -P O S -7 5

In te n s ity -D e p e n d e n t O p tic a l R o tatio n  by M o le c u le s / R o tatio n  O p tiq u e  p a r les  M o lé c u le s  D é p e n d a n te  s u r l’In te n s ité  d e  la  L u m iè re * , R . C a m e r o n  a n d  G .C . T a b isz , U n ive rs ity  o f  
M a n ito b a  —  C h ira l m o le c u le s  ro ta te  light th ro u g h  a  fo rw a rd  sca tte rin g  e v e n t. S in g le  photon  s c a tte rin g , w h ich  is know n  a s  o rd inary  op tica l ro ta tion , is in d e p e n d e n t o f th e  light 
in tensity  I. W e  u sed  a  p o la rim e te r  in a  h e te ro d y n e  e x p e rim e n t to  m e a s u re  th e  op tica l rotation o f  so lu tions  a t 3 0 8  n m  w ith  h igh -in tens ity  la s e r  p u lses . In th re e  o f  th e  m o le c u le s  
th a t w e  s tu d ied  (u rid in e , th y m id in e  an d  c ytid ine ) w e  fo u n d  an  in te n s ity -d e p e n d e n t e ffe c t. T h e  e ffe c t on ly  a p p e a re d  in m o le c u le s  th a t h ad  an  ab so rp tio n  line n e a r 3 0 8  nm ; in o th e r  
m o le c u le s  th a t ha d  no ab so rp tio n  line n e a r  3 0 8  nm , such  a s  s u cro s e , no in te n s ity -d e p e n d e n t e ffe c t w a s  o b s e rv e d . T h e  in te n s ity -d e p e n d e n t op tical ro ta tion  in th e  th re e  m o le c u le s  
w a s  c u m u la tiv e  w ith  e a c h  la s e r  p u ls e  a n d  p ers is ted  w ith  a  tim e  c o n stan t th a t w a s  on th e  o rd e r o f s e c o n d s  an d  c h ara c te ris tic  o f th e  m o lec u le .

* This work is being supported by NSERC.
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A to m ic  M e ta s ta b le  P roduction  F o llow ing  F ra g m e n ta tio n  o f S -C o n ta in in g  M o le c u le s *, W . K e d z ie r s k i ,  S . A m lin , X . L iao , R .J . M u rra y , J . M u tu s , a n d  J .W . M c C o n k e y , U n iv e rs ity  o f  
W in d so r  —  A  s p ec ia l x e n o n -m a tr ix  d e te c to r  "w h ich  is s e le c tiv e ly  s en s itive  to  S (1S ) a to m s  h a s  b e e n  u sed  to  m o n ito r d issoc ia tion  o f su lfu r co n ta in in g  m o le c u le s  into th is  fra g m e n t  
fo llow ing  c on tro lled  e le c tro n  im pact o v e r  an  in c id en t e n e rg y  ra n g e  fro m  th re s h o ld  to  4 0 0 e V . A  c ro s s e d -b e a m  a p p a ra tu s  w ith  a  pu lsed  e le c tro n  b e a m  is u sed  to  ob ta in  t im e -o f-  
flight, an d  h e n c e  e n erg y , s p e c tra  o f  m e ta s ta b le  S  fra g m e n ts . C ro s s  s e c tio n s  h a v e  b e e n  m a d e  a b s o lu te  by c o m p aris o n  w ith  p rev ious ly  o b ta in e d  d a ta  fro m  C O S  ta rg e ts  [1].

1. Kedzierski e t al, J. Phys. B, 34, 4027 (2001)].
* Research supported by the Natural Sciences and Engineering Research Council of Canada (NSERC), and the Canadian Foundation for Innovation (CFI).
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T ra c e  G a s  D e te c tio n  U s in g  C a v ity  E n h a n c e d  A b s o rp tio n *, J e f f  S e a b r o o k  an d  D . T okaryk , U n ive rs ity  o f  N e w  B ru n s w ic k  —  T h is  p re se n ta tio n  d e s c rib e s  o u r ap p lic a tio n  o f a n  in te ­
g ra te d  cav ity  ou tp u t s p e c tro m e te r  ( IC O S )  to  tra c e  g a s  d e te c tio n . T h e  p rin c ip les  beh ind  cav ity  e n h a n c e d  ab so rp tio n  a n d  d e ta ils  o f o u r im p lem e n ta tio n  w ill be  p re s e n te d . In a d d i­
tion , w e  w ill d isc u s s  th is  te c h n iq u e ’s po te n tia l fo r d e te rm in in g  n u m b e r d e n s itie s  o f th e  tra c e  g a s e s  w e  h o p e  to  m onitor. T h is  te c h n iq u e  a ls o  s h o w s  p ro m ise  a s  an  e a s y  to  u s e , an d  
highly s e n s itiv e  ab so rp tio n  s p ec tro s co p y  too l. T h e  n e a r  in fra red  reg ion  o ffers  us th e  o pportun ity  to  d e te c t w e a k  v ib ra tio n a l tra n s itio n s  in m a n y  a tm o s p h e ric  s p e c ie s  such  a s  C O ,  
C O 2 a n d  H 2S . W e  w ill p re se n t o u r p re lim in a ry  in ve s tig a tio n s  into th e  d e te c tio n  o f th e  po llu tant h yd ro g en  su lfide , a n d  o f o u r s p ec tro s co p y  o f th e  e x tre m e ly  w e a k  an d  highly p e r­
tu rb e d  (012)  v ib ra tio n a l trans ition  o f th is  m o lec u le .

* This work is being supported by CIPI, NSERC.
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A n  A to m ic  S o u rc e  fo r D e g e n e ra te  F e rm i G a s  E x p e rim e n ts *, S w a t i  S in g h  1, S . A u b in  2 , P. S cru tto n  2 , M . E x ta v o u r2 , S . M y rsk o g  2 a n d  J .H . T h y w is s e n  2, 1 M c M a s te r U n ive rs ity  a n d  
2 U n ive rs ity  o f  Toronto  —  E v e n  th o u g h  a ll th e  co n stitu en ts  (e lec tro n s , pro ton s, n e u tro n s ) o f a n  a to m  a re  fe rm io n s , fe rm io n ic  a to m s  a re  m uch  les s  a b u n d a n t in n a tu re  th a n  b o s o n ­
ic a to m s . In o rd e r to  m a k e  a  d e g e n e ra te  F e rm i g a s  o f  P o ta ss iu m  4 0  (4 0 K ) a to m s , w e  had  to  m a k e  o u r ow n  a to m ic  s o u rce  using  p o ta s s iu m  e n ric h e d  to  3 %  4 0 K , in s tea d  o f  th e  
n a tu ra l 0 .0 1 %  a b u n d a n c e . W e  p re s e n t th e  e x p e rim e n ta l c h a lle n g e s  fa c e d  in build ing a n d  tes ting  o f a  “d is p e n s e r” s o u rce  fo r  K -4 0  th a t c an  b e  u sed  fo r th e  e x p e rim e n t. W e  a lso  
p re se n t re ce n t p ro g re ss  in o th e r  a re a s  o f th e  e x p e rim e n t, to w a rd s  m a g n e to -o p tic a l tra p p in g  a n d  p u re  m a g n e tic  tra p p in g  o f po ta s s iu m .

* This work is being supported by NSERC, CFI, OIT, PRO.
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M ix e d  S a m p le  Ion T ra p p in g : A n a ly s is  an d  E vo lu tion  o f T ra p p e d  S p e c ie s *, J é r é m ie  J . C h o q u e t t e 1 a n d  R .I. T h o m p s o n  2, 1 U n ive rs ity  o f  C a lg a ry  an d  2 N S E R C  —  S y m p a th e tic  
la s e r  c oo ling  o f tra p p e d  ions s h o w s  p ro m ise  a s  a  too l fo r  low  te m p e ra tu re  s tu d ies  o f  a to m s  an d  m o lec u les . H o w e v e r, by its v ery  n a tu re  it re q u ire s  th e  g e n e ra tio n  a n d  s to ra g e  o f 
m ixtu res  o f  ions. O u r  w o rk  is c u rren tly  fo c u s e d  on s o m e  o f th e  iss u e s  a nd  c h a lle n g e s  o f g e n e ra tin g , s toring , a n d  a n a ly s in g  m ixe d  s a m p le s  invo lv ing  m a g n e s iu m , no b le  g a s , n itro ­
g e n , an d  carb o n  m o n o x id e  ions. T h is  p re se n ta tio n  w ill ou tlin e  o u r te c h n iq u e s  fo r  load ing  a n d  b u ffer g a s  coo ling  o f a to m ic  an d  m o le c u la r  ions  fro m  solid a nd  g a s  p h a s e  s o u rce s .
It w ill ou tlin e  th e  ‘q -s c a n ’ ion tra p  m a s s  s p e c tro m e tric  te c h n iq u e  th a t w e  u s e  to  a n a ly s e  o u r tra p p e d  s a m p le s , a n d  w ill p ro v id e  a  d e ta ile d  d iscussion  o f th e  te m p o ra l e vo lu tion  o f 
th e s e  m ixed  s a m p le s  w h ich  resu lts  fro m  c h a rg e  tra n s fe r  re ac tio n s  invo lving th e  tra p p e d  s p e c ie s  an d  b a ck g ro u n d  g a s e s  in th e  v a c u u m  s ys te m .

* This work is being supported by NSERC.
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S p ec tra l C lu s te rin g  in th e  N M R  S p e c tru m  o f a  G a s e o u s  S y s te m *, G e o f f r e y  A r c h ib a ld ,  S im o n , E . B rie f a n d  M .E . H a y d e n , S im o n  F ra s e r  U n ive rs ity  —  W e  h a v e  o b s e rv e d  u n a n tic ­
ip ated  s p ec tra l c lus te ring  e ffe c ts  in th e  N M R  s p e c tru m  o f ro o m  te m p e ra tu re  th e rm a lly  p o la rize d  3H e  g a s  a t 1 .5  T e s la . A t lea s t th re e  d istinct lin es  fo rm  w h e n  3H e  is a d u lte ra te d  w ith  
th e  h ighly p a ra m a g n e tic  g a s e s  N O  o r  O 2. T h e s e  lines  shift in fre q u e n c y  y e t re m a in  rema3 rkab ly  n a rro w  w h e n  lin ea r fie ld  g ra d ie n ts  a re  a p p lie d . U n like  p re v io u s  re ports  o f s p ec tra l 
c lu s te rin g , th is  b e h a v io u r c a n n o t be  e x p la in e d  s o le ly  in te rm s  o f th e  d ip o la r fie ld s  o f th e  3H e  a to m s . In s te a d , th e  e ffe c ts  w e  o b s e rv e  a p p e a r  to  be  m e d ia te d  by e le c tro n ic  sp in s  
a s s o c ia te d  w ith  th e  p a ra m a g n e tic  a d u lte ra n ts .

* This work is being supported by NSERC.
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E ffe c t o f  C h a in  U n s a tu ra tio n  on B ila v e r  R e s p o n s e  to  P res su re : A  D e u te r iu m  N M R  S tu d y *, M ic h a e l R . M o r r o w , I .D . S k a n e s , J. S te w a rt a nd  K .M .W . K e o u g h , M e m o ria l U n ive rs ity  o f  
N e w fo u n d la n d  —  T h e  e ffe c t o f c h a in  u n s atu ratio n  on  b ila y e r re s p o n s e  to  p re ss u re  h a s  b e e n  in ve s tig a ted  v ia  w id e lin e  d e u te r iu m  N M R  o b s e rv a tio n s  o f 1 6 :0 -1 8 :1  P C -d  31 (P O P C -  
d 31)  an d  1 6 :0 -1 8 :2  P C -d  31 (P L P C -d  31) .  F o r  b ilay ers  o f e a c h  lipid , s a tu ra te d  chain  o rien ta tio n a l o rd e r w a s  m e a s u re d  a s  a  func tion  o f p re s s u re  fo r s e le c te d  te m p e ra tu re s  an d  a s  a  
func tion  o f  te m p e ra tu re  fo r s e le c te d  p re s s u re s  up to  1 9 3  M P a . F o r P O P C -d  31, th e  m ain  trans ition  te m p e ra tu re  in cre a se d  by ~ 0 .1 8  K /M P a , a  ra te  th a t is s im ila r to  th a t fo u n d  fo r  
b ilay ers  o f d isa tu ra te d  P C s . F o r P L P C -d  31, th e  in c re a s e  in trans ition  te m p e ra tu re  w ith  p re ss u re  w a s  slightly  s m a lle r  a t ~ 0 .1 3  K /M P a . To in ve s tig a te  th e  iso th erm a l re s p o n s e  o f 
c h a in  o rien ta tio n a l o rd e r p a ra m e te rs  to  p re ss u re , s p e c tra  fo r e a c h  lipid w e re  o b ta in e d  fo r th re e  p re s s u re s  (a m b ie n t, 5 5  M P a , a n d  1 10  M P a )  a t 2 5 oC  an d  fo r  th re e  p re s s u re s  (a m b i­
e n t, 1 10  M P a , a n d  1 9 3  M P a )  a t 4 0 oC . A p p lic a tio n  o f a  g ive n  p re ss u re  w a s  fo u n d  to  in c re a s e  o rien ta tio n a l o rd e r fo r e a c h  m e th y le n e  g ro u p  on th e  s a tu ra te d  c h a in  o f a  p a rticu la r  
lipid by roughly  s im ila r a m o u n ts . T h is  c o rre s p o n d s  to  an  a p p ro x im a te ly  un ifo rm  shift o f th e  s a tu ra te d  c h a in  o rien ta tio n a l o rd e r p a ra m e te r  pro file  w ith  p re ss u re . W ith in  th e  liquid  
crys ta llin e  p h a s e , th e  re s p o n s e  to  p re ss u re  d e c re a s e d  w ith  in creas in g  te m p e ra tu re . C o m p a ris io n  o f th e  re s p o n s e s  o f P O P C  a nd  P L P C  to  p re ss u re  a t c o rres p o n d in g  te m p e ra tu re s  
re la tiv e  to  th e ir  re s p e c tiv e  a m b ie n t p re ss u re  trans ition  te m p e ra tu re s  s h o w ed  th a t P L P C  s a tu ra te d -c h a in  o rien ta tio n a l o rd e r w a s  les s  s e n s itive  to  p re ss u re  th a n  th a t o f  P O P C .
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T h e s e  o b s e rv a tio n s  s u g g e s t th a t in cre a s in g  lev e ls  o f cha in  u n s a tu ra tio n  m a y  re d u c e  th e  s ens itiv ity  o f b ila y e r o rd e r to  v a ria tio n s  in p re ss u re .

* Supported by NSERC (MRM) and C IHR (KMWK).

M O -P O S -8 2

C h a ra c te r iz a t io n  O f A n is o tro p y  In F o a m s : A n  U ltra so n ic  A p p ro a c h *. H u s s e in  E lm e h d i,  J .H . P a g e  A N D  M .G . S c a n lo n , U n ive rs ity  o f  M a itoba  —  W e  u s e  low  fre q u e n c y  u ltrason ic  
w a v e s  (5 0  k H z ) to  in ve s tig a te  th e  m e c h a n ic a l p ro p e rties  o f a n is o tro p ic  fre e z e -d r ie d  b re ad  fo a m s  th a t w e re  p re p a re d  by app ly in g  un iax ia l s tres s  to  fresh  b re a d c ru m b . L ong itu d ina l 
u ltra so n ic  ve lo c ity  a n d  a m p litu d e  m e a s u re m e n ts  w e re  ta k e n  in d irec tio n s  para lle l a n d  p e rp e n d ic u la r  to  th e  c o m p res s io n  d irec tio n . T h e  ve lo c ity  w a s  fo u n d  to  d e c re a s e  a s  th e  
a m o u n t o f c o m p res s io n  is in c re a s e d , w ith  th e  d e c re a s e  be in g  g re a te r  in th e  pa ra lle l d irec tio n . T h e  v e loc ity  d a ta  w e re  in te rp re ted  using tw o  th e o re tic a l m o d e ls , o n e  b a se d  on th e  
sta tic  c o m p res s io n  o f a  s im p lified  s tru t m o d e l o f fo a m s  an d  th e  o th e r includ ing  th e  e ffe c ts  o f  to rtuosity  on w a v e  p ro p a g atio n  th ro u g h  an is o tro p ic  m e d ia . B oth m o d e ls  a llo w e d  th e  
v e lo c ity  an is o tro p y  to  be  d irectly  re la te d  to  th e  an is o tro p y  o f th e  fo a m  s tru c tu re , an d  g ive  p re d ic tions  in good  o v era ll a g re e m e n t w ith  th e  d a ta . T h e  resu lts  a ls o  a llo w e d  us  to  c o n ­
c lu d e  th a t th e re  m ust be  a  w e a k e n in g  o f th e  cell w a lls  c a u s e d  by th e  u n ia x ia l c o m p res s io n  in add ition  to  th e  e ffe c ts  resu lting  fro m  th e  an is o tro p y  a lo n e .

* This work is being supported by NSERC.

M O -P O S -8 3

S tru c tu re  o f a  H o m o lo g u e  S e r ie s  o f B a n a n a  M e s o g e n s  S tu d ie d  By C 1 3  N M R  S p e c tru m *. J . X u  a n d  R .Y . D o n g , U n ive rs ity  o f  M a n ito b a  —  C 1 3  N M R  s p ec tro s co p y  w a s  u sed  to  
obta in  th e  g e o m e tr ic a l in fo rm ation  in th re e  m e m b e rs  o f a  h o m o lo g u e  s e r ie s  o f  b a n a n a  m o lec u les , 9 C lP B B C , 8D C lP B B C  a n d  9 D C lP B B C . T h e  o rien ta tio n a l o rd e r p a ra m e te r  S , 
b e n d in g  a n g le s  a nd  tilt a n g le s  b e tw e e n  th e  b iphenyl rings w e re  d e te rm in e d  fro m  th e  te m p e ra tu re  d e p e n d e n t c h e m ic a l shifts  in th e  n e m a tic  p h a s e s . A lth o u g h  th e  te m p e ra tu re  
d e p e n d e n c e  o f S  w a s  fo u n d  to  b e  d iffe ren t fo r  th e s e  m o lec u les , th e  S  v a lu e s  a t Tc w e re  a lm o s t id en tica l. It w a s  a ls o  fo u n d  th a t tilt a n g le s  d e p e n d  linearly  on te m p e ra tu re , an d  th e  
b e n d in g  a n g le  in th e  m o n o -s u b s titu ted  m o lec u le  is a b o u t 1 4  d e g re e  s m a lle r  th a n  th e  d i-s u b s titu te d  m o lec u la r. A  S U P E R  (S e p a ra tio n  o f U n d is to re d  C h e m ic a l-S h if t  A n is o tro p y  
P o w d e r  P a tte rn s ) te c h n iq u e  w a s  u sed  to  d e te rm in e  th e  c h e m ic a l shift te n s o rs  o f c a rb o n s  o f  m o d e l c o m p o u n d s  (e.g . 4 -C h lo ro re s o rc in o l). T h e s e  te n s o ria l c o m p o n e n ts  a re  re qu ired  
fo r  fitting th e  te m p e ra tu re  d e p e n d e n t c h e m ic a l shifts  in a lig n e d  s a m p le s .

* Research is supported by NSERC and Brandon University 

M O -P O S -8 4

O n  th e  P h ys ica l M e c h a n is m  o f V o rte x  S tirring in M H D -D r iv e n  T w o -F lu id  M o lte n  M e ta l F lo w s , D a v id  M u n g e r  an d  A . V in c e n t, U n ive rs ité  de  M o n tré a l —  M a g n e to h y d ro d y n a m ic  
(M H D ) instab ilities  s uch  a s  th o s e  o b s erv e d  in a lu m in u m  reduction  ce lls  h a v e  b e en  tho ro u g h ly  s tu d ied , fo r in s tan c e  by m e a n s  o f lin e a r  a n a ly s is  by S n e y d  (1 9 9 2 )  a n d  nu m e ric a l 
sim u la tio n  by P o to c n ik  (1 9 8 9 )  using  industria l c o d e s , a s  w e ll a s  by G e rb e a u  (2 0 0 1 )  using fin ite  e le m e n ts . T h o u g h  its u n d e rs tan d in g  is critical fo r  e ffic ien t a lu m in iu m  production , 
th e  physica l m e c h a n is m  is still u n k n o w n . W e  fo c u s  on th e  s tab ility  o f v o rte x  stirring th a t na tu ra lly  oc cu rs  in M H D -d r iv e n  s y s te m s  o f tw o  flu id s  w ith  a  la rg e  e le c trica l conductiv ity  
ra tio , tra v e rs e d  by a n  in te n se  vertic a l e le c tric  c u rren t an d  u n d e r a  s trong b a ck g ro u n d  m a g n e tic  fie ld . W e  p e rfo rm  th re e -d im e n s io n a l n o n s ta tio n n a ry  n u m e ric a l s im u la tio n s  o f  th e  
c o n s e rv a tiv e  e q u a tio n s , using a  le v e ls e t te c h n iq u e  to  tra ck  th e  position  o f th e  in te rfa c e  b e tw e e n  th e  tw o  flu ids . P e rio d ic  tra n s p o rt o f  la rg e  e d d ie s  o ccu rs , in w h ich  w e  o b s e rv e  an  
oscillation  o f  vo rte x  e n e rg y  a ris ing  fro m  a  b a la n c e  b e tw e e n  th e  d iss ipa tion  fo rc e s  a n d  th e  supply  fro m  th e  im p o se d  e le c tric  c u rren t. T h e  co rres p o n d in g  fre q u e n c ie s  a re  o rd e rs  o f  
m a g n itu d e  s m a lle r  th a n  th o s e  o b s e rv e d  in ty p ica l m e ta l pad  roll, so  th a t long -lastin g  s im u la tio n s  a re  n e c e s s a ry  to  tra c k  s low ly  g row ing  instab ilities. W e  a re  a b le  to  find  a  s tability  
th re s h o ld  in te rm s  o f th e  e le c trica l conductiv ity  o f th e  flu ids , a n d  w e  a re  c u rren tly  try ing  to  c o rre la te  it w ith  th e  c e ll’s  d im en s io n s . W e  c o n je c tu re  th a t an  in c re a s e  o f th e  la tte r will 
c o m p e n s a te  a  d e c re a s e  o f conductiv ity  in th e  triggerin g  o f instab ilities . S im u la tio n s  a re  u n d e rw a y  an d  resu lts  w ill be  p re s e n te d  a t th e  c o n fe re n c e .

M O -P O S -8 5

S pin  W a v e  D is p ers io n  o f th e  2 D  H u b b a rd  M o d e l a t In te rm e d ia te  C o u p lin g *, W a lte r  S te p h a n , B is h o p ’s  U n ive rs ity  —  T h e  spin  w a v e  d isp ers io n  re la tion  fo r th e  2 D  s q u a re  lattice  
H u b b a rd  m o d e l a t half-filling  is c a lc u la te d  using an  “e x a c t” linked  c lu s te r e xp a n s io n  m e th o d . T h e  a p p ro a c h  u sed  is m ost re lia b le  a t s trong co u p lin g , but still c o n v e rg e s  re as o n a b ly  
w e ll w h e n  th e  C o u lo m b  repu ls ion  is o f  th e  s a m e  o rd e r o f  m a g n itu d e  a s  th e  b a n d  w id th . R e su lts  a re  c o m p a re d  to  th o s e  o f o th e r  a p p ro x im a te  c a lc u la tio n s  a s  w e ll a s  neu tron  s c a t­
te rin g  m e a s u re m e n ts  o f u n d o p e d  c u p ra tes .

* This work is being supported by NSERC.

M O -P O S -86

T h e  G ia n t M a g n e to c a lo r ic  E ffe c t (G M C E ) in N i -M n -G a , W e i L i, X u e z h i Z h o u , H  P  K u n k e l a n d  G w y n  W illia m s , U n ive ris ty  o f  M a n ito b a  —  S e v e ra l p re v io u s  in ve s tig a tio n s  h a ve  
d e m o n s tra te d  th a t a  g ian t m a g n e to c a lo r ic  e ffe c t (G M C E ) -  a  la rg e  iso th erm a l e n tro p y  /  a d ia b a tic  te m p e ra tu re  c h a n g e  a s s o c ia te d  w ith  th e  a p p lic a tio n  o f an  e x te rn a l m a g n e tic  fie ld  
to  a  s y s te m  -  is m ost o ften  linked  to  th e  s u b stan tia l e n tro p y  c h a n g e  a c c o m p a n y in g  a  firs t-o rd e r p h a s e  c h a n g e . H o w e v e r, it a p p e a re d  p lau s ib le  th a t in s y s te m s  exh ib iting  s e q u e n ­
tia l m a g n e tic  tra n s itio n s  -  spec ifica lly  a  c o n tin u o u s  p a ra m a g n e tic  to  fe rro m a g n e tic  tra n s itio n  fo llo w ed  by a  firs t-o rd e r /  d isc o n tin u o u s  (o rd e r-o rd e r) trans ition  -  th is  e ffe c t m ight be  
e n h a n c e d  if th e s e  tw o  tra n s itio n s  cou ld  be  b rought into c lo s e  proxim ity , o r b e tte r  still, m e rg e d . T h e  v e ra c ity  o f th is  s u g g es tio n  h a s  b e e n  d e m o n s tra te d  i - j t h e jN i-M n -G a  s ys te m  
w h e re  such  a  c o in c id e n c e  c an  be  a c h ie v e d  th ro u g h  c are fu l c o m p o s itio n a l tun in g , th u s  fo r  M 552 M n  G a 26 2 a n  en tro p y  c h a n g e  o f  =  - 20 4 J  kg K  is o b s e rv e d  a t 3 1 7 K  
in a  fie ld  o f  5T , o n e  o f th e  la rg e r v a lu e s  m e a s u re d  a t o r  a b o v e  room  te m p e ra tu re .

M O -P O S -8 7

C o m p a ris o n  o f E le c tro n  M ob ility  in Z in c b le n d e  a n d  w u rtz ite  G a ln N , A . S o m a e e  2, M . S a d e g h i2, H . A r a b s h a h i1, M . G h a z i2 , 1 T a rb ia t M o a lle m  U n iv ers ity  a n d  2 S h a h ro d  U n ive rs ity , 
S h a h ro d , Iran  —  G a N  h a s  re c e iv e d  m uch a tte n tio n  in re ce n t y e a rs  b e c a u s e  o f its po ten tia l fo r a  w id e  ra n g e  o f a p p lic a tio n s  in high p o w e r an d  o p to e le c tro n ic  d e v ic es . T h e  
d e m a n d s  o f d e v ic e  d e s ig n s  h a v e  e n c o u ra g e d  n u m e ric a l s tu d ies  o f e le c tro n  tra n s p o rt in th e  m a te r ia l. In th is  re s e a rc h  a  n u m e ric a l ite ra tion  m e th o d  h a s  b e en  d e v e lo p e d  a n d  used  
to  m o d e l e le c tro n  tra n s p o rt in z in c b le n d e  an d  w u rtz ite  G a ln N  a t low  e le c tric  fie ld s . O u r  resu lts  s h o w  th a t th e  e le c tro n  drift m obility  o f w u rtz ite  G a ln N  is lo w e r th a n  th a t fo r  th e  
z in c b le n d e  s tru c tu re  a t a ll te m p e ra tu re s . T h is  is la rge ly  d u e  to  th e  h ig h e r G  v a lle y  e ffe c tiv e  m a s s  a n d  a  h ig h e r e le c tro n  sca tte rin g  ra te  in th e  w u rtz ite  p h a se .

M O -P O S -88

L o w -F ie ld  E lec tron  T ra n s p o rt C a lc u la tio n s  in B u lk  W u rtz ite  G a N  U s ing  Ite ra tiv e  T e c h n iq u e , H a d i A r a b s h a h i ,  Tarb ia t M o a lle m  U n ive rs ity  —  T e m p e ra tu re  a n d  e le c tric  f ie ld -d e p e n d ­
e n t e le c tro n  tra n s p o rt in bu lk  w u rtz ite  G a N  s tru c tu re  h a v e  b e e n  c a lc u la te d  using an  ite ra tiv e  te c h n iq u e . T h e  fo llow ing  sca tte rin g  m e c h a n is im s , i.e , im purity, p o la r op tica l phon o n , 
a c o u s tic  p h o n o n , p ie zo e le c tric  an d  e le c tro n  p las m o n  a re  incu lded  in th e  ca lc u la tio n . Io n iz e d  im urity  sca tte rin g  h a s  b e e n  tre a te d  b eyo u n d  th e  B orn  a p p ro x im a tio n  using th e  p h a s e -  
shift a n a ly s is . T h e  low  e le c tro n  drift m obility  is c a lc u la te d  fo r te m p e ra tu re s  in th e  ra n g e  o f 3 0 0 -6 0 0 K  an d  fo r io n ized  im purity  c o n c e n tra tio n s  b e tw e e n  1 0 16 an d  1 0 18 C m -3. T h e  low  
te m p e ra tu re  v a lu e  o f e le c tro n  m obilty  in c re a s e s  s ign ifican tly  w ith  in cre a s in g  d o p ing  c o n ce n tra tio n . T h e  ite ra tiv e  resu lts  a re  in fa ir  a g re e m e n t w ith  o th e r  re ce n t ca lc u la tio n s  
o b ta in e d  using th e  re la x a tio n -tim e  a p p ro x im a tio n  an d  e x p e rim e n ta l m e th o d s . C o m p e n s a tio n  e ffe c ts  on th e  m obility  a re  a ls o  e x a m in e d . D u e  to  th e  fre e z o u t o f d e e p  d o n o r leve ls  
th e  ro le  o f  io n ized  im purity  sca tte rin g  in bu lk  w u rtz ite  G a N  is s u p p re s s e d  a n d  th e  ro le  o f p h onon  sca tte rin g  is e n h a n c e d , c o m p a re d  to  z in c b le n d e  s tru c tu re . E le c tro n  tra n s p o rt 
p ro p e rties  h a v e  b e e n  m o d e lle d  w ith  an  e le c tric  fie ld  a p p lie d  both para lle l a n d  p e rp e n d ic u la r  to  th e  (0 0 0 1 )c -a x is . T h e  e x tra c te d  m o d e l p a ra m e te rs  c an  b e  u sed  fo r e le c tro n  tra n s ­
port s im u la tio n s  in G a N -b a s e d  trans is to rs .

M O -P O S -8 9

D e s ig n  an d  M o d e llin g  o f  In d u ctive ly  H e a te d  S u b s tra te  H o ld e rs  fo r  A d v a n c e d  P la s m a  M a te r ia ls  P ro ce s s in g  A p p lic a tio n s *, A ja y  K . S in g h  a n d  M ic h a e l P. B r a d le y ,  U n ive rs ity  o f  
S a ska tch e w a n  —  P la s m a  p ro c es s in g  o f m a te r ia ls  w ill be  o n e  o f th e  key  e n a b le rs  fo r a d v a n c e s  in e le c tro n ics  a n d  p ho ton ics  te c h n o lo g y  in th e  2 1 st cen tu ry . E ffe c tiv e  p las m a  
m a te ria ls  p rocess ing  re q u ire s  c are fu l contro l o f p ro c es s  p a ra m e te rs , includ ing  th e  te m p e ra tu re  o f th e  ta rg e t m a te r ia l. F o r  e x a m p le , a  m in im u m  ta rg e t te m p e ra tu re  ~  8 0 0  C e ls iu s  is 
re q u ire d  fo r  p la s m a  de p o s itio n  o f d ia m o n d  film s. U n fo rtu n a te ly , in h igh p re ss u re  (~  10  Torr) m ic ro w a v e  p la s m a  s y s te m s  (such  a s  th e  d ia m o n d  film  g ro w th  s y s te m  a t th e  U n ivers ity  
o f S a s k a tc h e w a n ) th e  u ltim ate  ta rg e t te m p e ra tu re  m ay  be  lim ited  to  ~  5 0 0  C e ls iu s  b e c a u s e  io n -n e u tra l co llis io ns  limit th e  a m o u n t o f h e a t d e liv e re d  to  th e  ta rg e t, a n d  b e c a u s e  o f 
re la tiv e ly  h igh c o n v e c tiv e  coo ling  ra tes . T h u s  it is n e c e s s a ry  to  d irec tly  h e a t th e  ta rg e t to  a c h ie v e  th e  high te m p e ra tu re s  re q u ire d . D ire c t h e a tin g  v ia  h e a tin g  w ire  m a y  be  difficult 
to  im p le m e n t b e c a u s e  in m ost c a s e s  th e  s u b s tra te  m ust b e  b ias e d  w ith  re s p e c t to  th e  g ro u n d e d  c h a m b e r  w a lls  to  a c h ie v e  good  film  g ro w th . In d u c tive  e d d y  c u rren t h e atin g  p ro ­
v id e s  a  s o lu tion . H e a tin g  e n e rg y  is e ffic ien tly  c o u p led  into th e  s u b s tra te  v ia  in d u c ed  e d d y  c u rren ts , prov id ing  rap id  a n d  po ten tia lly  h ighly un ifo rm  h e a tin g . T h e  pure ly  inductive  
c oup lin g  m e a n s  th a t th e  s u b s tra te  c an  be  b ias e d  to  a rb itrary  v o lta g e s  a s  re q u ire d . T h is  p re se n ta tio n  w ill d isc u s s  o u r d e s ig n  e ffo rts  on  h e a te d  s u b s tra te  ho lders . W e  w ill p re se n t 
resu lts  o f th e rm a l m od e llin g  c a lc u la tio n s  ( i .e . he atin g  c u rve s , m e a n  te m p e ra tu re , te m p e ra tu re  un ifo rm ity ) an d  w ill d iscuss  th e ir  im p lic a tio n s  fo r a d v a n c e d  ta rg e t h o ld e r de s ig n .

* This work is being supported by NSERC.

M O -P O S -9 0

E la s tic  F ie ld s  fro m  R e c o n s tru c te d  T e rra c e s  o f  a  S e m i-In fin ite  S o lid *, R . A r ie f  B u d im a n , U n ive rs ity  o f  C a lg a ry  —  T w o -d im e n s io n a l p ro b le m  o f a  s e m i-in fin ite  solid w ith  s u rfa c e  
reconstruc tion  b o u n d a ry  condition  is c o n s id e re d . S u rfa c e  reconstruc tion  p ro d u c es  s in u so id a l d is p la c e m e n t fie ld s  on a  te rra c e  a n d  a ttra c tiv e  in te rac tion  d u e  to  th e  reconstruc tion  is

136 Physics in Canada May / June 2004



Lundi, le 14 juin - Résumés de session Affiche

fo u n d . S tre s s  fie ld s  a n d  s u rfa c e  fo rc e s  d u e  to  th e  s u rfa c e  reconstruc tion  a re  p re s e n te d . W ith  th e  add ition  o f  th e  s te p -s te p  in te rac tion  m o d e l by M a rc h e n k o  an d  P ars h in , th e  e q u i­
lib rium  s u rfa c e  c on figura tion  u n d e r th e  p re s e n c e  o f  s te p  a rra y  an d  reco n s tru c te d  te rra c e s  is p re s e n te d .

* This work is being supported by NSERC.

M O -P O S -9 1

H igh  R e so lu tio n  O x id e  S in g le  -  C ry s ta llin e  X -R a y  S c re e n s . S . N e d ilk o , K y iv  N a tio n a l Taras S ch e vch e n ko  U n ive rs ity , U k ra ine  —  T h e re  a re  w e ll know n  a p p lic a tio n s  o f  scintillating  
m a te ria ls  in im ag in g  d e v ic es : X -ra y  im ag in g , X -ra y  c o m p u te d  to m o g ra p h y  (X -ra y  C T ) , s in g le  photon  e m is s io n  c o m p u te d  to m o g ra p h y  (S P E C T )  a n d  positron e m is s io n  to m o g ra p h y  
(P E T ).  H e re  w e  w ill ta lk  on ly  co n ce rn in g  X -ra y  im ag in g  w ith  m ic ro m e te r  reso lu tio n . D e c re a s in g  o f e x p o s u re  d o s e  during  d iag n o stic s , m e d ic a l, b io log ica l in  v ivo  e tc ., w h e n  ion izing  
irrad ia tion  is u s e d , can  b e  a c h ie v e d  by in cre a s in g  o f s p a tia l reso lu tion  o f  th e  s c re e n s  u sed  fo r  v is u a liza tio n  o f X -ra y s  im a g e . A t p re se n t X -ra y s  s c re e n s  a re  m a d e , a s  a  ru le , on th e  
p o lycrysta llin e  p o w d e r lum in o p h o rs  b a s e  w ith  th e  5  -  2 0 0  μ  g ra in  d im e n s io n s  w h ich  d e te rm in e  s p a tia l reso lu tion  o f  th e  s c re e n s . E s s e n tia l in cre a s in g  o f s p a tia l reso lu tion  b e c a m e  
pos sib le  by using o f s c re e n s  th o s e  a re  th e  s in g le  c rys ta llin e  th in  film  (S C F )  scin tilla to r w ith  a  h igh c o e ffic ie n t o f X -ra y  ab so rp tio n  a p p lie d  on th e  s u rfa c e  o f  n o n -lu m in e s c e n t s ing le  
crys ta llin e  s u b s tra te  by m e a n s  o f liquid p h a s e  e p ita x y  m e th o d . A t first, th e  X -ra y  im a g e  d e te c to r  w ith  reso lu tion  n e a r  1 .3  -  1 .5  μ  w ith  th e  s c re e n  on  th e  d o p e d  w ith  C e  ions y ttrium  
a lu m in u m  g a rn e t S C F  w ith  th ic k n e s s  h =  5  μ  w a s  d e sc rib ed  by A . K och  e t al. in 1 9 9 8 . T h e  fu rth e r in c re a s e  o f reso lu tion  c an  be  a c h ie v e d  by th ic k n e s s  d e c re a s in g  th a t re q u ire s  
h ig h e r S C F  X -ra y  ab so rp tio n  (th e  las t is p roportiona l to  e ffe c tiv e  a to m ic  n u m b e r o f  S C F )  an d  by in cre a s in g  o f S C F  light ou tp u t. In th is  p a p e r  th e  resu lts  o f  inves tigation  th e  s e t o f 
d o p e d  o x id e  m a te r ia ls  w ith  th e  g a rn e t a nd  pero vs c ite  s tru c tu re  w h ich  a llo w  s ign ifican t im proving  o f th e  X  -  ray  s c re e n s  p a ra m e te rs  a re  p re s e n te d  a n d  th e  p e rs p e c tiv e s  o f th e ir  
using  a re  d isc u s se d  a s  w e ll.

M O -P O S -9 2

T h e rm o s tim u la te d  S e lf-A s s e m b le d  F o rm a tio n  o f S e m ic o n d u c to rs  M ic ro  -  Inc lu s io n s  in M a tr ic e s  o f O x id e  D ie le c tric  S u lp h a te  C ry s ta ls , V . S h e lu d k o 1 an d  S . N e d ilk o 2, 1 G lukh iv  
P e d a g o g ic a l U n iversity, U kra ine  a n d  2 K y iv  N a tio n a l Taras S h e vch e n ko  U n iversity, U kra ine  —  P a p e r  rep o rts  a b o u t fo rm a tio n  o f th e  C d S  s em ic o n d u c to r  m icro -in c lu s io n s  in th e  
d ie le c tric  m atrix  o f C d S O ^  T h e  fo rm a tio n  o f th e  C d S  is a  resu lt o f th e  C d S O 4 a n n e a lin g . T e m p e ra tu re  d ia p a s o n s  a n d  a tm o s p h e re  e ffe c ts  on resu lts  o f th e  th e rm a l tre a tm e n t w e re  
e s ta b lis h e d . T h e  e x c e s s  o f th e  su lfu r is n e c e s s a ry  cond ition  o f th e  C d S  fo rm a tio n . C o n tro l o f th e  m icro -in c lu s io n s  fo rm a tio n  a n d  d e te rm in a tio n  o f  th e ir  s p a tia l an d  e n e rg y  p a ra m e ­
te rs  w a s  c arried  out by o b s erv a tio n  o f th e  op tica l (lu m in e s c e n t) p ro p e rtie s  o f th e  s a m p le s . S p ec tra l d istribution  an d  d e c a y  p a ra m e te rs  re v e a l a  re c o m b in a tio n  c h a ra c te r  o f th is  
e m is s io n  -  lu m in e s c e n c e  o f th e  d o n o r-a c c e p to r  pa irs  in s e m ic o n d u c to rs  o f  th e  A ( II )B (V I)  g ro u p . O b ta in e d  resu lts  a re  a n a ly z e d  fro m  th e  point o f  v ie w  o f fo rm a tio n  o f o th e r  c o m ­
pound  m icro -in c lu s io n s  in a  v o lu m e  o f th e  initial c rysta l m atrix . A  c lo s e  s im ilarity  o f o b s e rv e d  c h a ra c te ris tic s  to  c h a ra c te ris tic s  o f th e  so  c a lled  “g re e n ” e d g e  e m is s io n  o f v e ry  w e ll 
know n m a teria l a s  th e  c a d m iu m  su lfide  C d S  d o n ’t a llo w  a n y  d o ubts  co n ce rn in g  th e  fa c t th a t th e rm a l tre a tm e n t resu lts  th e  inclus ions ju st o f c a d m iu m  s u lfid e  s em ic o n d u c to r  p h a se  
into v o lu m e  o f th e  C d S O ^  T h e  s a m e  lu m in e s c e n c e  p ro p e rties  ha d  b e en  o b s e rv e d  fo r  th e  K2S O 4 an d  R b 2S O 4 c rys ta ls . K 2S  a n d  R b2S  a re  fo rm e d  th e re  a fte r  th e rm a l tre a tm e n t. 
E n e rg y  c h ara c te ris tics  an d  th e  s iz e s  o f  th e  c lu s te rs  (2 5  -  5 0  n m ) o f th e  inc lus ions  w e re  e s tim a te d .

M O -P O S -9 3

M o d e llin g  th e  M a g n e tic  R e s p o n s e  o f F e  N a n o p a rtic le s  in A lu m in a : A  P re is a c h  A p p ro a c h , C a n d ic e  A .H . V id d a l  a n d  R .M . R o s h k o , U n ive rs ity  o f  M a n itoba  —  M e a s u re m e n ts  o f th e  
fie ld  c oo led  m o m e n t, th e  z e ro  fie ld  c o o led  m o m e n t, th e  iso th erm a l re m a n e n t m o m e n t, th e  th e rm o  re m a n e n t m o m e n t, an d  h y s te re s is  iso th erm s , w e re  p e rfo rm ed  on a  thin film  o f 
n a n o d im e n s io n a l F e  partic les  e m b e d d e d  in A 2O 3 o v e r  a  te m p e ra tu re  ra n g e  1 0 Κ <  Τ <  3 0 0 K  a n d  a  fie ld  ra n g e  | η _ I <  2 kO e . T h e  d a ta  w e re  a n a ly z e d  w ith in  th e  fra m e w o rk  o f a  
P re is a c h  m o d e l, w h ich  a s s u m e s  th a t th e  fre e  e n e rg y  la n d s c a p e  c an  b e  d e c o m p o s e d  into an  e n s e m b le  o f b is tab le  B a rk h a u s e n  e le m e n ts , e a c h  w ith  tw o  m o m e n t c o n fig u ra tio n s  ± μ , 
a  d iss ipa tion  b a rrie r W d  =  μ ^ ,  w h ich  m e a s u re s  e n e rg y  d iss ip a ted  a s  h e a t, a n d  a  lev e l splitting W s =  2 μ H s ,w hich m e a s u re s  e n e rg y  s to red  reversib ly . N u m e ric a l s im u la tio n s  ba se d  
on  th e  P re is a c h  m o d e l, a s s u m in g  a  lo g n o rm al d istribution  o f d iss ipa tion  fie ld s  Hd an d  a  L o re n tz ian  d istribution  o f b ias  fie ld s  H s, w e re  a b le  to  re p lic a te  all o f th e  p rincipa l s truc tu ra l 
fe a tu re s  o f th e  e x p e rim e n ta l d a ta , a n d  th e ir  s y s te m a tic  v aria tio n  w ith  fie ld  a n d  te m p e ra tu re . In particu lar, fits  to  th e  e x p e rim e n ta l d a ta  y ie ld  th e  te m p e ra tu re  d e p e n d e n c e  o f th e  
m e a n  d iss ipa tion  fie ld  H ^ ( T )  , an d  th e  d isp ers io n s  o f  d iss ipa tion  fie ld s  σ d(T) an d  b ias  fie ld s  σ ^ ^ ,  an d  s h o w  th a t th e  m a g n e tic  re s p o n s e  b e lo w  T = 1 5 0 K  is d o m in a te d  by fie ld  a c ti­
v a te d  tra n s itio n s  o v e r fre e  e n e rg y  exc ita tio n  barrie rs  w h ich  c o lla p s e  rap id ly  w ith  in cre a s in g  te m p e ra tu re , a n d  w h ich  a re  m ost likely re la te d  to  d iso rd ere d  spin  c o n fig u ra tio n s  on  th e  
s u rfa c e s  o f  th e  F e  n a n o p a rtic le s . B y c o n tra s t, a t te m p e ra tu re s  a b o v e  1 5 0 K , th e  re s p o n s e  is d o m in a te d  by th e rm a l re la x a tio n  o f B a rk h a u s e n  e le m e n ts  w ith  a n  a v e ra g e  m o m e n t 
μ =  10-10 e m u , w h ich  p robab ly  o rig in a te s  fro m  th e  fe rro m a g n e tic  c o re s  o f  th e  F e  n a n o p a rtic le s .

M O -P O S -9 4

T h e rm a lly  A c tiv a te d  D iffusion  o f  In d iu m  into 2 H -T a S e :  O n k a r  R a jo r a ,  U n ive rs ity  C o lle ge  o f  th e  C a rib o o  —  W e  h a v e  s tu d ied  th e  th e rm a l d iffusion  o f ind ium  into th e  la y e re d  c o m ­
pound  2H -T a S e 2 s in g le  c rys ta ls  para lle l to  th e  layers."" M e a s u r e m e n ts 1 w e re  d o n e  in s itu  in a  sca n n in g  e le c tro n  m icro s c o p e  e q u ip p e d  w ith  an  x -ra y  e n e rg y  d isp ers iv e  s ys te m . T h e  
d is ta n c e  o f  th e  d iffusing  ind ium  fron t into th e  c rysta l w a s  d e te rm in e d  a s  a  func tion  o f tim e  fro m  s e c o n d a ry  e le c tro n  im a g e  a s  w ell a s  fro m  x -ra y  line s c a n s  fo r ind ium  ta k e n  a t d iffe r­
e n t tim e  in te rva ls . T h e  d iffusion  c o effic ie n ts  D  w e re  fo u n d  by fitting th e  d a ta  to  < r 2> =  2  D  t, w h e re  < r 2> is th e  m e a n  s q u a re  d is p la c e m e n t in tim e  t. T h e  d iffusion  co effic ie n ts  thus  
o b ta in e d  w e re  1 .5  x  1 0 -12, 3 .8  x  1 0 -12, 7 .7  x  1 0 -12, a n d  1 7 .5  x  1 0 -12 m 2/s  w ith  a n  u n certa in ty  o f a b o u t 10  p e rce n t a t 3 5 1 ,3 7 5 ,  4 1 1 , an d  4 5 8  K  re sp e ctive ly . T h e  activ a tio n  e n e rg y

-  Eq / kgT
E 0 o f ind ium  diffusion  into T a S e  2 using D  =  D Qe , w a s  c a lc u la te d  to  be  0 .3 2  + 0 . 0 4  e V . T h e  resu lts  s h o w  th a t d iffusing ind ium  a to m s  put s e v e re  s tres s  on  th e  la y e rs  as  

th e y  in te rc a la te  b e tw e e n  th e m . T h is  s tres s  is re lie ve d  by buckling o f th e  la y e rs  an d  th e s e  buckling  fe a tu re s  a re  c le a rly  v is ib le  in s e c o n d a ry  e le c tro n  im ag e s .

1. O. Singh and A.E. Curzon, J. Appl. Phys., 17, 1415, 1984.
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M a g n e tic  P ro p e rtie s  o f  E rF e 2/D v F e 2 S u p e rla ttic e s  S tu d ie s  by N e u tro n  D iffrac tio n *, Z .  Y a m a n i1, H . F r itz s c h e 1, W .J .L . B u y e rs 1, Z .  Tun 1, R .A . C o w le y 2 an d  R .C .C . W a r d 2,
1 N e u tron  P ro g ra m  fo r  M a te ria ls  R e se a rch  an d  2 O xfo rd  P h ys ics , C la re n d o n  L ab o rato ry , U K  —  M a g n e tic  s tru c tu re  o f  tw o  s u p e rla ttic e s  o f th e  fo rm  [6 0 Â  E rF e  2 /  6 0 Â  D y F e  2] 40 and  
[8 0  Â  E rF e 2/ 4 0  Â  D y F e  2] 40, p re p a re d  by m o le c u la r  b e a m  e p itax y  on a  s a p p h ire  (1 1 2 0 ) s u b s tra te , is d e te rm in e d  by neu tron  d iffraction  te c h n iq u e  using th e  trip le— a x is  s p e c tro m ­
e te r  C 5  a t th e  N R U  re a c to r  in C h a lk  R iv er. T h e  e x p e rim e n ts  w e re  p e rfo rm ed  a t z e ro  fie ld , in a  h orizon ta l fie ld  o f 2 .6 3  T  a p p lie d  a lo n g  [0 0 1 ] (th e  e a s y  a x is  fo r  bu lk  D y F e 2), a lon g  
[111] (th e  e a s y  a x is  o f bulk E r F e 2) ,  a n d  a lo n g  th e  s u rfa c e  n o rm a l [1 1 0 ]. T h e  te m p e ra tu re  d e p e n d e n c e  o f s e v e ra l B ra g g  re flec tio n s  both a t z e ro  fie ld  an d  non— z e ro  fie ld  w a s  
d e te rm in e d  in th e  ra n g e  o f 4  K  to  2 5 0  K. T h e  d a ta  a n a ly s is  s h o w s  th a t th e  e a s y  m a g n e tiz a tio n  d irec tion  is d e te rm in e d  by a  co m p etitio n  b e tw e e n  th e  Z e e m a n  e n e rg y  fav o rin g  th e  
fie ld  d irec tion , th e  c rys ta llin e  an is o tro p y  fa v o rin g  e ith e r  th e  [001] o r [111] d irec tio n s , th e  e x c h a n g e  in te rac tion  a t th e  in te rfa c e  fav o rin g  a  pa ra lle l o rien tatio n  o f th e  m a g n e tiz a tio n s  o f 
both lay e rs , an d  fina lly  th e  m a g n e to e la s t ic  en erg y .

* This work is being supported by NRC.

[MO-POS] Nu c l e a r  Ph y s ic s Monday
Ph y s iq u e  n u c l é a ir e Lundi
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P re lim in a ry  R e su lts  o f th e  F IN U D A  E x p e rim e n t a t D A F N E *  G e o r g e  B e e r  f o r  th e  F IN U D A  C o lla b o r a t io n ,  U n ive rs ity  o f  V icto ria  —  T h e  F IN U D A  e x p e rim e n t s tu d ies  th e  fo rm atio n  

a n d  d e c a y  o f h y p ern u c le i p ro d u c ed  by s topp ing  k a o n s  th ro u g h  th e  re ac tio n  K stop +  Z  ^  Λ Z  + .π F IN U D A  is a  la rg e  a c c e p ta n c e  s p e c tro m e te r  w ith  reso lu tion  b e lo w  1 M e V  

w h ich  m e a s u re s  e n e rg y  lev e ls  o f  th e  h y p ern u c le i a n d  th e  pa rtic le s  p ro d u c ed  by h y p e rn u c le a r  w e a k  d e ca y . A p p ro x im a te ly  2 5 0  pb-1 in te g ra ted  lum inosity  h a s  b e e n  c o lle c ted  in 

2 0 0 3 -2 0 0 4 .  W e  p re se n t p re lim in a ry  resu lts  co n ce rn in g  d e te c to r  c a lib ra tio n , s p e c tro m e te r  p e rfo rm a n c e , an d  h y p e rn u c le a r  fo rm a tio n  a n d  d e c a y  s p ec tra .

* This work is being supported by Art Olin.

M O -P O S -9 7

M e a s u re m e n t o f th e  P arity  V io la tin g  A s y m m e try  in R a d ia t iv e  N e u tro n -P ro to n  C a p tu re * , C h a d  G ill is ,  U n ive rs ity  o f  M a n ito b a  —  T h e  N P D G a m m a  e x p e r im e n t[1] w ill m e a s u re  th e  
parity -v io la tin g  g a m m a -ra y  a s y m m e try  Α γ in th e  reac tion  n + p  ^  d + γ in o rd e r to  p ro v id e  a  th e o re tica lly  c le a n  m e a s u re m e n t o f th e  p io n -n u c le o n  w e a k  couplin g  c o n stan t j % to  
high p rec is io n . T h e  Los A la m o s  N e u tro n  S c ie n c e  C e n tre  p ro v id es  a  p u lsed  cold  neu tro n  b e a m  w h ich  is th e n  p o la rize d  by tra n s m is s io n  th ro u g h  p o la rize d  3 H e  a nd  c ap tu red  in a  
liquid p a ra -h y d ro g e n  ta rg e t. T h e  2 .2  M e V  g a m m a  ra ys  fro m  th e  c a p tu re  re ac tio n  a re  d e te c te d  in an  a rra y  o f C s I(T l)  sc in tilla to rs  w h ich  a re  re ad  out in c u rren t m o d e  by v a c u u m  
p h o to d io d es . T h e  pu lsed  n a tu re  o f th e  b e a m  pro v id es  a  c ruc ia l cap a b ility  to  d istingu ish  s y s te m a tic  e rro r  con trib u tio n s  th roug h  th e ir  u n iq u e  tim e -o f-flig h t d e p e n d e n c e s . T h e  a p p a ­
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ra tu s  is be in g  c o m m is s io n e d  during  th e  spring  o f  2 0 0 4 ; initial resu lts  fro m  th e  c o m m is s io n in g  d a ta  w ill b e  d isc u s se d .

* Supported by the US DOE, NSF, TRIUMF, and NSERC Canada.
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D e s ig n  O p tim iza tio n  o f T IG R E S S  using a  G E A N T 4  S im u la tio n . M ic h a e l S c h u m a k e r ,  U n ive rs ity  o f  G ue lph  —  T h e  T R IU M F - IS A C  G a m m a -R a y  E s c a p e -S u p p re s s e d  S p e c tro m e te r  
(T IG R E S S )  w ill be  a n  im p o rtan t e x p e rim e n ta l fac ility  fo r  th e  IS A C - I I  partic le  a c c e le ra to r  a t T R IU M F . It w ill consis t o f tw e lv e  C o m p to n -s u p p re s s e d  H ig h -P u rity  G e rm a n iu m  (H P G e )  
d e te c to rs . A  n u m b e r o f d e s ig n  o p tim iza tio n  s tu d ies  w e re  c o n d u c te d  using a  s o ftw a re  s im u la tio n  o f  th e  T IG R E S S  array . T h e s e  s tu d ies  w e re  c arried  out using a  M o n te -C a rlo  s im u ­
lation  c re a te d  using  th e  G E A N T 4  too lk it. T h e l f o a l i  o y h e l ·  s f l d i s  w n ^ h l  i ^ r o V e T O n X f  f t p l t e d  a b s o lu te  g a m m a  ray e ffic iency  an d  p e a k -to -to ta l ra tio , an d  th e  re d u c ­
tion  o f e x p e rim e n ta l e rro r  d u e  to  D o p p le r-b ro a d e n in g . In th is  p re se n ta tio n , I w ill d isc u s s  th e  resu lts  o f th e s e  s im u la tio n s , a n d  s h o w  h o w  th e s e  resu lts  h a v e  b e e n  in co rp o ra te d  into  
th e  T IG R E S S  d e te c to r  des ign .

M O -P O S -9 9

E ffe c ts  o f  th e  S y m m e try  E n e rg y  in th e  M id -R a p id ity  Z o n e * . R e n é  R o y  a nd  th e  H e a v y -Io n  C o llis ion  D y n a m ic s  R e s e a rc h  T e a m , U n ive rs ité  L a v a l —  T h e  d e n s ity  d e p e n d e n c e  o f th e  
s y m m e try  te rm  o f th e  eq u atio n  o f  s ta te  (E O S )  is a  m a jo r  point o f  in te res t in th e  h e a v y -io n  d y n a m ic s . U s ing  a  soft S k y rm e -lik e  p a ra m e tr is a tio n , d iffe re n t s ym m e try  te rm s  a re  te s ted  
in th e  B U U  c a lc u la tio n s  fra m e w o rk . T h e s e  te rm s  a re  co n stan t, lin e a r  an d  q u a d ra t ic  w ith  d iffe re n t com pressib ility  m odu li. T h e ir  e ffe c ts  a re  o b s erv e d  in th e  m id -rap id ity  z o n e . T h e  
c h o se n  o b s e rv a b le  is th e  g lo b a l N /Z  ratio  o f th is  z o n e .

* This work is being supported by CRSNG.
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D e te c tio n  P ro to ty p e  w ith  P osition  S e n s itiv e  P h o to m u ltip lie r /  P ro to ty p e  d e  d é te c tio n  a v e c  p h o to m u ltip lic a teu r à  pos ition*, R . R o y , G rou pe  d e  re ch e rch e  en  p h y s iq u e  d e s  io n s  
lou rds , U n ive rs ité  L a v a l —  In th e  c a s e  o f h e a v y -io n  co llis ions physics, th e  reac tion  s tu d ies  m ust be  su p p o rte d  by a  good  d e te c tio n  m atrix  w ith  good  m a ss , c h a rg e , e n e rg y  and  
position  reso lu tions . F o r th is  w e  n e e d  a  good  set o f  p h o tom ultip lie rs . T h e n  I h a v e  c h o o se n  to  s tudy  a  position s e n s itiv e  pho tom ultip lie r, w h ich  g ive s  g re a t g a in  an d  c o m p a c tn e s s , 
to  im p ro ve  position  reso lu tion . It is g iving  goo d  resu lts  in pos ition , up to  1 m m  o f position reso lu tion . A ls o , it can  be  c o u p led  w ith  a  la rg e  s e t o f d iffe re n t fo rm  scin tilla to rs, g iving  
un like  reso lu tions . D a n s  le  ca d re  de  la  p h ys iq u e  d e s  c o llis io n s  d ’io n s  lourds, l ’é tu d e  d e s  re a c tio n s  d o it  ê tre  so u te n u e  p a r  une  b o n n e  m a tr ice  d e  de tec tion , p o s s é d a n t d e  b o n n e s  
ré s o lu tio n s  en  m asse , charge , é n e rg ie  e t  p o s ition . P o u r  ce la , n o u s  a vo n s  beso in  d ’un m o n ta g e  a d é q u a t de  ph o to m u ltip lica te u rs . L e  ch o ix  d ’u t ilis e r  un p h o to m u ltip lic a te u r à p o s i­
tion, ici, v ie nd ra  a m é lio re r  la ré so lu tio n  en  p o s ition . I l  p o ssè d e  un  g ra n d  ga in  e t  i l  e s t  in té re s s a n t p o u r  son  a s p e c t trè s  com pact. L e s  ré su lta ts  o b te n u s  p a r le n t p a r  eu x -m ê m e s  ; 
j ’a i o b te n u  d e s  ré so lu tio n s  en  p o s itio n  a lla n t ju s q u ’à 1 m m . I l  p e u t  a u s s i ê tre  co u p lé  a ve c  d e s  sc in tilla te u rs  de  d iffé re n te s  ta ille s  e t  fo rm es, d o n n a n t é v id e m m e n t d e s  ré so lu tio n s  
p ro p re s  à ch a cu n  d e s  coup lages.

* This work is being supported by CRSNG.

M O -P O S -1 0 1

A g re e m e n t in S u p e rn o v a  S im u la tio n s  w ith  B o ltzm a n n  N e u trin o  T ra n s p o rt an d  its C o n n e c tio n  to  N u c le a r  Inp u t P h y s ic s , M a tth ia s  L ie b e n d o e r fe r ,  CITA, U n ive rs ity  o f  Toronto  —  
T h re e  in d e p e n d e n t s u p e rn o v a  g ro u p s  h a v e  built d e ta ile d  B o ltzm a n n  n eu trino  tra n s p o rt into sp h eric a lly  s y m m e tr ic  s u p e rn o v a  s im u la t io n s [1,2,3]. In la rg e  s c a le  c o m p u ta tio n s , th e  
e n e rg y - a n d  a n g le -d e p e n d e n t d istribution  fu n c tio n s  fo r th e  th re e  n eu trino  fla v o rs  a re  d e te rm in e d  during  s te lla r co re  c o lla p s e  an d  p o s t-b o u n c e  e vo lu tio n . T h e  resu lts  o f th e  g e n e ra l 
re la tiv is tic  B o ltzm a n n  so lver, A g ile -B o ltz tra n , a re  c o m p a re d  [4,5] w ith  th o s e  o f a lte rn a tiv e  c o d e s  th a t e ith e r  u s e  a p p ro x im a tio n s  fo r th e  g e n e ra l re la tiv is tic  e ffe c ts  o r rely on th e  m ulti­
g ro u p  flu x -lim ited  d iffusion  a p p ro x im a tio n  fo r  th e  n e u trino  tra n s p o rt. T h e  find ing  th a t sp h eric a lly  s ym m e tric  s u p e rn o v a  m o d e ls  w ith  s ta n d ard  inpu t p hysics  do  not lead  to  e x p lo ­
s io n s  h a s  s e ttled  in qu a lita tiv e  an d  q u a n tita tiv e  a g re e m e n t. N o t so  in th e  d y n a m ic a lly  m o re  c o m p re h e n s iv e  m u lti-d im e n s io n a l s im u la tio n s : th e y  still p ro d u c e  c o n tro v ers ia l results , 
a s  m a n y  o f  th e m  h a v e  to  re ly  on s e v e re  s im p lificatio n s  in th e  n e u trino  tre a tm e n t. T h e  a c c u ra te  k n o w le d g e  o f th e  e n e rg y -re s o lv e d  n eu trino  a b u n d a n c e s  th ro u g h o u t th e  s ta r is a  
pre req u is it to  a c c u ra te ly  e v a lu a te  an d  im p ro ve  th e  un d erly in g  n u c le a r  input p hysics . I point to  th e  d o m in a n t re ac tio n s  an d  w h e re  c u rren t s u p e rn o v a  m o d e ls  w o u ld  be  m ost s e n s i­
tiv e  to  c h a n g e s  in th e  input physics . S o m e  re ac tio n s  (e.g . e le c tro n  c a p tu re  ra tes  on nuc le i) a re  cruc ia l fo r c o re  c o lla p s e  w h ile  o th e rs  (e.g . n e u trino  o p a c itie s  in hot d iss o c ia te d  
m a tte r) m ay  d e te rm in e  th e  d e la y  a n d  s u c c e s s  fo r th e  n e u trin o -d riv en  e je c tio n  o f  th e  s u rfa c e  layers . T h e  c o lla p s e  o f th e  in n e r c o re  an d  th e  e je c tio n  o f th e  s u rfa c e  la y e rs  shou ld  be  
re g a rd e d  a s  d is tinctive  p hysica l e ve n ts .

1. Rampp & Janka, ApJ, 539, L33 (2000)
2. Liebendoerfer, Mezzacappa, Thielemann, Messer, Hix & Bruenn, Phys. Rev. D , 63, 103004 (2001)
3. Thompson, Burrows & Pinto, ApJ, 592, 434 (2003)
4. Liebendoerfer, Rampp, Janka & Mezzacappa, astro-ph/0310662
5. Liebendoerfer, Messer, Mezzacappa, Bruenn, Cardall & Thielemann, ApJS, 150, 263 (2004)
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D y n a m ic  129X e  N M R  S p ec tro s c o p y  in an  E x p e rim e n ta l M o d e l o f P n eu m o n itis  in R a t Lung In d u c ed  by E x p o s u re  to  S ta ch vb o trvs  C h a rta rum  S p o re s *, N is h a r d  A b d e e n  1,
A lb e rt C r o s s 2, Tom  R a n d  3 an d  G ile s  S a n t y r1, 1 C a rle ton  U n ive rs ity , 2 U n ivers ity  o f L e th b rid g e  an d  3St. M a r y ’s  U n iv ers ity  —  H y p e rp o la r iz e d  X e n o n (H -X e )  N M R  spec tro s co p y  
d e m o n s tra te s  th e  d y n a m ic s  o f  g a s  e x c h a n g e  in rat lung in v ivo , a id e d  by th e  larg e  c h e m ic a l shift b e tw e e n  g a s  p h a s e  an d  x e n o n  d isso lved  in red b lood ce lls  an d  lung p a re n c h y m a . 
B y re p e a tin g  a  pu lse  s e q u e n c e  consis ting  o f s e le c tiv e  s a tu ra tio n  o f th e  d isso lved  p h a s e  p e a k s  fo llo w ed  by a  re a d o u t pu ls e  a t v a r ia b le  tim e  d e la y  in te rva ls , th e  tim e  d e p e n d e n c e  o f  
th e  e x c h a n g e  b e tw e e n  g a s  p h a s e  x e n o n  an d  x e n o n  d isso lved  in th e  lung an d  red b lood ce lls  c an  be  d e te rm in e d  w ith in  a  s in g le  lung infla tion . T h is  d e p e n d e n c e  is c h a ra c te r iz e d  
by a  g a s  tra n s fe r  tim e  c o n stan t w h ich  d e p e n d s  on diffusion  a c ro s s  th e  a lv e o li, lung p a re n c h y m a , a n d  blood a n d  is th e re fo re  s e n s itiv e  to  c h a n g e s  in g a s  e x c h a n g e  a n d  c o m p a rt­
m e n t e ffe c ts . In th is  study, th e  tim e  c o n stan t is m e a s u re d  in a  rat m o d e l o f c h ro n ic  a lv e o la r  in fla m m a tio n  in d u ced  by in tra  tra c h e a l instilla tion o f fu n g a l ( S ta ch yb o trys  ch a rta ru m ) 
s p o re s . A  s ig n ifican t d iffe re n ce  is d e m o n s tra te d  b e tw e e n  e x p e rim e n ta l a n im a ls  (re c o v e ry  tim e  2 5 .1 + / -  4 .7  m s ) a n d  contro l a n im a ls  (1 7 .2 + /-1 .6  m s ). T h e s e  resu lts  s h o w  prom ise  
fo r  d e te c tio n  o f s ub tle  a lte ra tio n s  in g a s  e x c h a n g e  in lung d is e a s e . T h e  a p p licab ility  o f  th is  te c h n iq u e  to  o th e r m o d e ls  o f lung d is e a s e  in a n im a l a n d  h u m a n s  is d isc u s se d .

* This work is being supported by NSERC.
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O n g o in g  P ro fe ss io n a l D e v e lo p m e n t P ro je c ts  -  B C  A s so cia tio n  o f P h ys ics  T e a c h e rs , D o n a ld  M a th e w s o n ,  K w an tlen  U n ive rs ity  C o lle ge  —  T h e  B C  A s so c ia tio n  o f P h ys ics  
T e a c h e rs  is a  c h a p te r  o f th e  A m e ric a n  A s so c ia tio n  o f P h ys ics  T e a c h e rs . O u r  m e m b e rs h ip  is c o m p ris e d  o f a  w id e  c ro ss -s ec tio n  o f high schoo l, c o lle g e  a n d  un ivers ity  p hysics  
te a c h e rs . O n  b e h a lf o f  th e  m e m b e rs h ip , th e  B C A P T  e x e c u tiv e  h a s  recen tly  e m b a rk e d  on an  a m b itio u s  s e r ie s  o f  p ro fe s s io n a l d e v e lo p m e n t p ro jec ts  fo r  te a c h e rs . T h e s e  in itiatives  
h a v e  b e e n  e n th u s ias tica lly  e m b ra c e d  by th e  p hysics  te a c h in g  c o m m u n ity  an d  h a v e  positive ly  im p ac te d  th e  B C  p hysics  te a c h in g  c o m m u n ity . F o r th o s e  w ith in  C A P  a n d  its m e m b e r  
institu tions in te res te d  in o u tre a c h , s o m e  in fo rm ation  a b o u t th e  B C A P T  an d  its p ro fe s s io n a l d e v e lo p m e n t p ro g ra m s  w ill b e  p re s e n te d .
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G e o m e tr ic  P h a s e  o f  a  S y s te m  C o u p le d  to  a  R e s e rv o ir*. K a r l -P e te r  M a r z l in ,  S . G h o s e  a n d  B .C . S a n d e rs , U n ive rs ity  o f  C a lg a ry  -  W e  p re se n t a  n e w  a p p ro a c h  to  B e rry ’s  p h a s e  fo r  
m ixe d  s ta te s  in non -un itary , n o n -cyc lic  e v o lu tio n . S tarting  fro m  a  g e n e ra l s y s te m  c o u p led  to  a  re s e rv o ir w e  d e fin e  B e rry ’s  p h a s e  using  K ra u s  o p e ra to rs . T h e  m ix e d -s ta te  evo lu tion  
o f B e rry ’s  p h a s e  is c o m p a re d  to  th e  e vo lu tion  fo r a  p u re  s ta te  w h e n  no  couplin g  to  a  re se rvo ir is p re se n t.

* This work is being supported by iCore Alberta.
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A x is v m m e tr ic  C h a rg e d  M a tte r  A c cre tio n  on K e rr  B la ck  H o le s *. R o m a n  J .W . P e t r y k  an d  M .W . C h o p tu ik , U n ive rs ity  o f  B ritish  C o lum b ia , C IA R  —  A c cre tio n  an d  je t  fo rm a tio n  o f  
c h a rg e d  m a tte r  a b o u t b lac k  ho le s  is not w e ll u n d e rs to o d . It is th o u g h t th a t tw isting  o f m a g n e tic  fie ld  lin es  w ith in  th e  e rg o s p h e re  o f rotating b lack  ho le s  p lay s  a  ro le  in co llim ating  
m a tte r  an d  rad ia tio n  a s  b ip o la r  je ts . W e  n u m e ric a lly  in ve s tig a te  th e s e  p ro c e s s e s  in ax ia l s y m m e try  fo r s c a la r  fie ld s  on K e rr s p a c e tim e .

* This work is being supported by CIAR; CFI; NSERC.
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C y c le  E xp a n s io n  o f a  D riv en  P e n d u lu m  /  L’E xp a n s io n  P ério d iq u e  d ’O rb ite  d ’un P e n d u le  C o n d u it, A n d r e w  P e n n e r ,  R a n d y  K o b e s  a n d  S la v e n  P e le s , U n ive rs ity  o f  M a n ito b a  —  
C h a o s  is fu n d a m e n ta l to  n a tu re . P e rh a p s  th e  m ost illus tra tive  e x a m p le s  a re  a tm o s p h e ric  p ro c e s s e s , but e v e n  fu rth e r th a n  th a t, s o m e  s y s te m s  th a t ha d  b e en  c o m m o n ly  th o u g h t to  
b e  p eriod ic , such  a s  p lan e ta ry  m otion , w e re  re ce n tly  p roven  to  be  ch ao tic . C h a o s  re fe rs  to  a  d e te rm in is tic  b e h a v io r  c h a ra c te r iz e d  by a  high s ens itiv ity  to  a  c h a n g e  o f initial co n d i­
tio n s . D u e  to  th e s e  q u a lit ie s  a n y  long te rm  p re d ic tions  a re  im p o ss ib le , a nd  c o n s e q u e n tly  a n y  solu tion  o f  a  g iven  initial condition  p ro b le m  is not a  p hysica l o b s e rv a b le . C a lcu la tin g  
e x p e c ta tio n  v a lu e s  o f o b s e rv a b le s  fo r c h ao tic  s y s te m s  is u sually  d o n e  n u m e ric a lly  an d  o ften  m a rre d  by n u m e ric a l a rtifa cts . In th is  p re se n ta tio n  w e  in v e s tig a te  a  m o re  s ub tle  
a p p ro a c h  fo r e v a lu a tin g  e xp e c ta tio n  v a lu e s  fo r a  c h ao tic  s ys te m . W e  d e m o n s tra te  o u r resu lts  in th e  e x a m p le  o f a  d riven  p e n d u lu m . C h a o tic  b e h a v io r  m a y  be  th o u g h t o f a s  m otion  
o v e r  an  infin ite  n u m b e r o f  p eriod ic  orb its . A  fe a s ib le  m a th e m a tic a l so lu tion  to  d e te rm in e  th e  e x p e c ta tio n  v a lu e s  is th ro u g h  cyc le  e x p a n s io n , w h e re  an  e xp e c ta tio n  v a lu e  is c a lc u la t­
e d  a s  a  s ta tistica l a v e ra g e  o v e r  p eriod ic  orb its  in p h a s e  s p a c e . S ta tis tica l w e ig h t o f e a c h  orbit is d e te rm in e d  by its s tability . U ltim a te ly  o u r g o a l w a s  tw o  fo ld . F irst w e  w e re  to  find  
th e  p eriod ic  orb its  th a t con trib u ted  th e  m ost to  th e  a v e ra g e s . S e c o n d , th roug h  u s e  o f  th e s e  re la tive ly  fe w  pe rio d ic  orb its , w e  w e re  to  e s t im a te  e xp e c ta tio n  v a lu e s  fo r th e  rotation  
n u m b e r a n d  L y ap u n o v  e x p o n e n t o f th e  d riven  p e n d u lu m  to  a  h igh lev e l o f acc u rac y , a nd  c o m p a re  th e m  to  th e  bru te  fo rc e  n u m e ric a l calc u la tio n s .
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D y n a m ic a l E n ta n g le m e n t in C h a o tic  S y s te m s , S h o h in i  G h o s e 1, X ia o g u a n g  W a n g  2, Iva n  D e u ts c h  3 a n d  B arry  S a n d e r s 1, 1 U n ive rs ity  o f  C a lgary, 2 M a c q u a r ie  U n ivers ity  and  
3 U n ivers ity  o f N e w  M e x ic o  —  W e  a n a ly z e  th e  e n ta n g le m e n t d y n a m ic s  o f s y s te m s  th a t a re  c h ao tic  in th e  c la s s ic a l lim it using cold  a to m s  tra p p e d  in a  m a g n e to -o p tic a l la ttice  a s  a  
te s t s y s te m . C o u p lin g  b e tw e e n  th e  a to m ic  c e n te r -o f m a s s  m otion  a n d  spin  le a d s  to  e n ta n g le d  sp in o r w a v e  p a ck e ts . T h e  ab ility  to  reco n stru c t th e  re d u ce d  de n s ity  m atrix  o f spin  
s u b s y s te m  v ia  q u a n tu m  s ta te  to m o g ra p h y  m a k e s  it pos sib le  fo r e n ta n g le m e n t d y n a m ic s  to  be  s tu d ied  in a c tu a l e x p e rim e n ts . F o r s ta te s  initially lo ca lized  in a  re g u la r  reg ion  o f th e  
p h a s e  s p a c e , th e  e n ta n g le m e n t s h o w s  q u a s i-p e r io d ic  b eh av io r, w h e re a s  fo r  s ta te s  lo ca lized  in a  c h ao tic  reg ion , th e  grow th  o f e n ta n g le m e n t is fa s te r  a n d  no q u a s i-p e r io d ic  b e h a v ­
ior is p re se n t. T h e s e  fe a tu re s  a re  s im ila r to  th o s e  s e e n  in o th e r  c h ao tic  s y s te m s  such a s  th e  q u a n tu m  k icked  to p . W e  e xp la in  th e  m a in  fe a tu re s  by e x a m in in g  th e  s u pport o f  th e  
in itial s ta te  on  ‘re g u la r ’ a n d  ‘c h a o tic ’ e ig e n s ta te s  o f th e  H a m ilto n ia n . O u r  a n a ly s is  is g e n e ra l a n d  a p p lic a b le  to  o th e r  q u a n tu m  c h ao tic  s y s te m s.
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S u rp ris in g  S y m m e tr ie s  in R e la tiv is tic  C h a rg e  D y n a m ic s *, W i l l ia m  E . B a y lis , U n ive rs ity  o f  W in d so r  —  T h e  e ig e n s p in o r a p p ro a c h  u s es  th e  c la s s ic a l a m p litu d e  o f th e  a lg e b ra ic  
L o re n tz  rotation c o n n ec tin g  th e  lab an d  rest fra m e s  to  s tudy th e  re la tiv is tic  m otion  o f  partic les . W h e n  a p p lie d  to  th e  d y n a m ic s  o f a  point c h a rg e  in an  e x te rn a l e le c tro m a g n e tic  
fie ld , it re v e a ls  surpris ing  s y m m e tr ie s , particu la rly  th e  in va rian c e  o f  a  c o u p le  o f fie ld  p ro p e rties  in th e  rest fra m e  o f th e  a c c e le ra tin g  c h a rg e . T h e  s ym m e tr ie s  fa c ilita te  th e  d iscovery  
o f a n a ly tic  so lu tio n s  o f  th e  c h a rg e  m otion  a nd  a re  s im p ly  e x p la in e d  in te rm s  o f th e  g e o m e try  o f s p a c e tim e . T h e  e ig e n s p in o r a p p ro a c h  a ls o  s u g g e s ts  a  s im p le  c o v a ria n t e x ten s io n  
o f th e  c o m m o n  de fin ition  o f  th e  e le c tric  fie ld : th e  e le c tro m a g n e tic  fie ld  can  be  d e fin ed  a s  th e  p ro p e r s p a c e tim e  ro ta tion  ra te  it in d u c es  in th e  pa rtic le  tim e s  its m a s s -to -c h a rg e  ratio.

* This work is being supported by NSERC.
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P o iss o n ian  R a n d o m  P ro c e s s  on  a  R e g u la r  F ra c ta l, J o h n  M . N ie m in e n  1 an d  J a m a l S a k h r2, 1 N o rth e rn  D ig ita l Inc., a n d  2M c M a s te r  U n ivers ity  —  A  n e w  m e a s u re  o f fra c ta l d im e n ­
s ion , b a se d  on th e  n e a re s t-n e ig h b o u r s p ac in g s  o f a  P o iss o n ian  ra n d o m  pro c es s , is p ro p o s ed . T h e  va lid ity  o f  th is  m e a s u re  is d e m o n s tra te d  by c a lc u la tin g  th e  d im en s io n s  o f s e v ­
e ra l w e ll-k n o w n  re g u la r  fra c ta ls . F o r a ll fra c ta ls  s tu d ied , th e  c a lc u la te d  d im en s io n  is w ith in  tw o  p e rce n t o f th e  a c c e p te d  fra c ta l d im en s io n . A  fo rm a l c o n n ec tio n  b e tw e e n  th is  n e w  
m e a s u re  o f d im en s io n  a nd  th e  fa m ilia r  B rody p a ra m e te r  o f R a n d o m  M a trix  T h e o ry  is a ls o  d isc u s se d .
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B o h m ia n  T ra je c to r ie s  an d  N u m e ric a l S o lu tion  o f th e  S c h rô d in g e r E q u a tio n , L o u is  M a r c h ild o n  a n d  E m ilie  G u a y , U n ive rs ité  d u  Q uébec  à T ro is -R iv iè res  —  In B o h m ia n  q u a n tu m  
m e c h a n ic s , partic les  fo llo w  d e fin ite  tra je c to r ie s  g o v e rn e d  by d e te rm in is tic  law s . T h e  initial cond itio n s  o f th e  partic les , h o w e ve r, a re  know n  on ly  p robabilis tically . T h e  s ta tis tica l p re ­
d ic tions  o f q u a n tu m  m e c h a n ic s  a re  re c o v e re d  b e c a u s e  th e  e q u a tio n s  o f m otion  o f  th e  pa rtic le s  invo lve  th e  s y s te m ’s to ta l w a v e  func tion  in an  e s s e n tia l w ay . In s itu a tio n s  w h e re  
th e  w a v e  func tion  is know n  analy tica lly , th e  n u m e ric a l co m p u ta tio n  o f tra je c to r ie s  is ra th e r  s tra ig h tfo rw ard  an d  re d u c e s  to  th e  in tegratio n  o f first o r s e c o n d -o rd e r c o u p led  o rd inary  
d iffe re n tia l e q u a tio n s . W h e re  th e  w a v e  func tion  is not k n o w n , h o w e ve r, it m ust first be  o b ta in e d  by a p p ro p ria te  n u m e ric a l m e th o d s . W e  in ve s tig a te  th e  c a s e  o f tw o -s lit in te rfe r­
e n c e  invo lv ing  o n e  p artic le  o r tw o  id en tica l partic les . T w o  kinds o f m e th o d s  a re  c o n s id e re d . T h e  first o n e , b a se d  on th e  h y d ro d yn am ic  fo rm u la tio n  o f th e  S c h rô d in g e r e q u atio n , 
u s es  e ith e r  a  fixed  o r  a  c o m o v in g  g rid . T h e  s ec o n d  o n e  is b a se d  on s im p le  splitting o f  th e  S c h rô d in g e r e q u a tio n  into rea l an d  im ag in a ry  parts . A lth o u g h  th e  fo rm e r (e s p ec ia lly  
w ith  a  c o m o v in g  g rid ) is c o m p u ta tio n a lly  e ffe c tive  in m a n y -d im e n s io n a l p ro b le m s , w e  find th a t th e  la tte r is m o re  a c c u ra te  a ro u n d  n e a r -z e ro s  o f th e  to ta l w a v e  fun c tio n . T ra je c to ries  
o b ta in e d  th roug h  th e  n u m e ric a l in tegratio n  o f  th e  S c h rô d in g e r e q u a tio n  a re  c o m p a re d  w ith  s im ila r o n e s  c o m p u te d  fro m  e x a c t w a v e  func tions .
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V e c to r  F ie ld s  an d  T o po log ica l C o u n tin g  N u m b e rs , J .G  W il l ia m s  1 a nd  T in a  A . H a rrio tt 2, 1 B ra n d o n  U n ive rs ity  a n d  2M o u n t S a in t V in c e n t U n iv ers ity  —  M o n o p o le s , in stan to n s  an d  
s ky rm io n s  a re  all to p o lo g ic a l s tru c tu res  th a t can  b e  c o u n te d  by in tegratin g  a  s u itab le  J a c o b ia n , th e re b y  c o m p u tin g  th e  d e g re e  o f th e  m ap p in g  re p re s e n te d  by th e  re le v a n t (v e c to r) 
fie ld . In th is  pa p er, th e  u s u a l E u c lid e a n  in tegra l fo rm u la  is m od ified  to  p ro d u c e  a  c o v a ria n t fo rm u la  th a t c an  b e  a p p lie d  to  g e n e ra l re la tiv is tic  k inks . T h e  k ink  n u m b e r is c a lc u la te d  
fo r  s o m e  s im p le -to -v is u a liz e  e x a m p le s  in 2+1 d im en s io n s .
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O b s e rv a b le  3 -D  B o u n d a ry  in 4 -D  S p a c e -T im e  D e fin e d  by th e  D ia c h ro n ic  N o w * .M ic h e l  A . D u g u a y  a n d  C . G re n o n , C e n tre  d ’O ptique , P h o to n iq u e  e t  Laser, U n ive rs ité  L a v a l —  In 
d iac h ro n ic  tim e  first c o n s id e re d  by E in s te in [1] o n e  a ss ig n s  G re e n w ic h  tim e  to  a s tro n o m ic a l e v e n ts . In a  d iac h ro n ic  re p re s e n ta tio n  o f 4 -D  s p a c e -tim e  e v e n ts  on o u r p ast light c o n e  
fo rm  a  L o re n tz  in va rian t 3 -D  b o u n d a ry  o f  4 -D  s p a c e -tim e  c h a ra c te riz in g  an  e x te n d e d  d iac h ro n ic  n o w [2]. In th e  d iac h ro n ic  p e rs p e c tiv e  th e  c o n v e n tio n a l s p e e d  o f  light is iden tified  
w ith  th e  flo w  o f  tim e . In th is  p e rs p e c tiv e  re ce n t s p ec u la tio n  a b o u t a  v ary in g  s p e e d  o f light a s  a  function  o f c o sm o lo g ic a l lo o k -d is ta n c e  is e q u iv a le n t to  a  v ary in g  ra te  in th e  flo w  o f 
re m o te  tim e  re la tiv e  to  us. T h e  o b s erv e d  re d -sh ift o f  d is tan t g a la x ie s  is u sually  a ttrib u ted  to  a  D o p p le r  e ffe c t, but an  a lte rn a tiv e  e x p la n a tio n  is a  s lo w e r flo w  o f tim e  re la tiv e  to  us, 
im m e d ia te ly  p e rce ive d  th a n k s  to  th e  infin ite  d iac h ro n ic  s p e e d  o f in co m ing  light. In  a  c o sm o lo g y  built w ith  a  s in g le  b o u n d a ry  fo r  s p a c e -tim e  th e  n e ed  fo r a  s ec o n d  boundary , as
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m ight be  d e fin ed  by th e  Big B a n g  theory , w o u ld  d is a p p e a r. A  s tra ig h tfo rw ard  pred ic tion  o f s uch  a  c o sm o lo g y  is th a t th e re  w ill be  no lim it to  th e  lo o k -d is tan c e  a t w h ich  d istant 
s u p e rn o v a e  o r q u a s a rs  w ill be  d isc o v ere d  in th e  fu tu re .

1. A. Einstein, Annalen der Physik, 17, 891-921 (1905).
2. M.A. Duguay, ‘’Diachronic representation of space-time applied to problems in special relativity and in quantum optics’’, submitted to The Can. J. Physics, 27 Feb. 2003.
* This work is being supported by NSERC.
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U n s ta b le  N u c le i /  D ia le c tic  E qu ilib ra te s : A V io le n t  C o llis io n . W i l l ia m  S im m o n s ,  D a v id  M u  an d  R e in h a rd t B s u m e k , E n e rg y  M e ta ls  C o rpo ra tio n  —  A lb e rt E in s te in  po s tu la ted  only fo r  
m a x im u m  m a s s  e n e rg y  w ith  E =  m c 2. W e  p re se n t d ia le c tic  a n tith e s is  fo r E in s te in ’s  E q u atio n  w ith  E p  =  m  ( < c 2), m a s s  e n e rg y  a t less  s p e e d  o f  light is g ro u n d  s ta te  e n e rg y  p o te n ­
tia l. F o r  e n e rg y  o f  u n s ta b le  nuc le i re le a s e d  in a  h e te ro g e n e o u s  n o n -fe rtile  fie ld  b e c o m e s  fie ld  e n erg y . W e  w ill s h o w  fu rth e r th a t w h e n  a  fie ld  is a  ground  s ta te , a ll ra d io a c tive  
p ro d ig ies  o f th e  u n s ta b le  nuc le i s u rc e a s e  b e c a u s e  p rim al h e r ita g e  d e s is ts  an d  ben ign  stab ility  resu lts  s in c e  th e  e n e rg y  norm a lly  c o n c e iv e d  to  d a u g h te rs  by n a tu ra l ra d io a c tive  
d e c a y  b e c o m e s  e m b ry o n ic  e n e rg y  fo r th e  fie ld  in s tea d . P ro fo u n d  a ty p ic a l collis ion m e c h a n ic s  o f q u a n ta  s tru c tu res  m o re  e ffic ien t th a n  typ ica l c o llid e r p h y s ic s [1] 2 3 4 fa c ilita te  h e te ro g e ­
n e o u s  nuc lea tio n  to  pa tte rn  m inority  u n s ta b le  e n e rg y  to  m a jo rity  s ta b le  fie ld  e n e rg y  w h e n  unified fie ld  fo rc e  s u b s id e s  an d  c a p tu re  is c o m p le te . E n e rg y  in en tro p y  fo s te rs  fie ld  e n e r ­
gy  equ ilib riu m . E in s te in ’s  E q u atio n  for, m a s s /e n e rg y  (h a v in g  n o rm a l b ind ing  e n e rg y ) in c re a s e s  w ith  veloc ity . B y d ia le c tic  e q u ilib ra te s  w e  w ill s h o w  th a t m a s s /e n e rg y  d e c re a s e s  
w h e n  ve lo c ity  is re d u ce d  by n eg atin g  b ind ing  e n e rg y  po ten tia l. H e n c e , u n s ta b le  m a s s /e n e rg y  tra n s fo rm s  to  rest an d  p re c ip ita te s  in th e  c a p tu re  fie ld  s ta b le . S u ch  th a t m a tte r  a nd  
e n e rg y  a re  in te rc h a n g e a b le  an d  d iffe re n t on ly  in fo rm , w e  s im p ly  re p lic a te  a  p h e n o m e n o n  o f u n s ta b le  e n e rg y  in e x tre m e  a ty p ic a l v io le n t co llis io ns  by a n tith e s is  s y n th e s iz e s  to  its 
gro u n d  s ta te  in o n e  fo rw a rd  no n -su s ta in in g  re ac tio n  a nd  fu rth e r ra d io a c tive  d e c a y  is e lim in a te d .

1. I.e. Collider/accelerator physics such as that practiced at Fermi Lab, Jlab, ANL, etc.
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G lo b a l O p tim iza tio n  A lg o rith m s  an d  th e  S o d iu m  C h lo r id e  C lu s te r  P ro b le m , R ic h a r d  H o d g s o n , U n ive rs ity  o f  O ttaw a  —  In th is  w o rk  w e  e v a lu a te  a n d  c o m p a re  th e  p e rfo rm a n c e  o f 
th re e  d iffe ren t g lo b a l o p tim iza tio n  a lg o rith m s  w h e n  a p p lie d  to  th e  c h a llen g in g  p ro b le m  o f d e te rm in in g  th e  s truc tu re  o f so d iu m  c h lo rid e  c lu s te rs  o f  a  g iven  s iz e . In  g e n e ra l th e  ta s k  
o f find ing  a  c lu s te r ’s  g loba l m in im u m  s tru c tu re  is a  d ifficult o n e . F o r a  s im p le  p a ir po te n tia l w h ich  on ly  ta k e s  into a c c o u n t th e  tw o  m a jo r  in te rac tio n  e ffe c ts , th e  n u m b e r o f loca l m in ­
im a  on th e  po te n tia l e n e rg y  h y p e r-s u rfa c e  g ro w s  e x p o n e n tia lly  w ith  in cre a s in g  c lu s te r s iz e . T h e  a lg o rith m s  w h ich  a re  in ve s tig a ted  inc lude  a ) an  im p ro ve d  g e n e tic  a lg o rith m  w h ich  
m a k e s  u s e  o f a  s e lf-g u id in g  s e a rc h  s tra teg y , using a  c o m b in a tio n  o f  “tra d itio n a l” an d  g e o m e tr ic  g e n e tic  o p e ra to rs ; b) a  fa s t a n n e a lin g  e vo lu tio n a ry  a lg o rith m  w h ich  c o m b in e s  th e  
a s p e c t o f pop u la tio n  in g e n e tic  a lg o rith m  a n d  a  s im u la te d  a n n e a lin g  a lgo rithm ; a n d  c) a  m od ification  o f th e  s ta n d ard  L ipsch itz ian  a p p ro a c h  th a t re m o v e s  th e  n e ed  to  s pec ify  a  
L ipsch itz  c o n stan t. In s te a d  s im u lta n e o u s  s e a rc h e s  a re  c o n d u c ted  using all possib le  co n stan ts .

[MO-POS] In d u s t r ia l  a n d  Ap p l ie d  Ph y s ic s

Ph y s iq u e  in d u s t r ie l l e  e t  a p p l iq u é e

Monday
Lundi
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C h a ra c te r iz in g  M u ltip le  B u b b le s  In A n  A g a r  G e l W ith  U ltra so n ic  S p ec tro s c o p y  A n d  O p tic a l Im a g in g , K .A . R o s s 12, L .J. P y r a k -N o lte 3, a n d  O .H . C a m p a n e l la 4, 1 D e p a rtm e n t o f  
F o o d  S cience, U n ive rs ity  o f  M an itoba ,  2 D e p a rtm e n t o f  P h ys ics  a n d  A stronom y, U n iv e rs ity  o f  M an itoba ,  3 D e p a rtm e n t o f P h ys ics  a n d  A s tro n o m y , P u rd u e  U n iv ers ity  a n d  4 
D e p a rtm e n t o f A g ricu ltu ra l a nd  B io log ica l E n g in e e rin g , P u rd u e  U n ivers ity  —  T h e  p re s e n c e  o f in h o m o g e n e itie s , such  a s  b u b b le s  o r p o re s , a ffe c ts  th e  physica l p ro p e rtie s  o f a n y  
solid  m a te r ia l. T h is  is e s p e c ia lly  im p o rtan t fo r  fo o d  products , w h o s e  te x tu ra l a ttr ib u te s  a re  s trong ly  in flu e n ce d  by b u b b le /p o re  s iz e  d istrib u tion , b u b b le /p o re  s ize  o rien ta tio n , a n d  a ir 
v o lu m e  fractio n /p o ro sity . T h e  m a in  fo c u s  o f  th is  w o rk  w a s  to  u s e  u ltra so n ic  spec tro s co p y , b a se d  on th e  fre q u e n c y  d e p e n d e n c e  o f  th e  u ltrason ic  a tte n u a tio n , to  d e te rm in e  th e  p o re  
s iz e  d istribution  o f a ir  b u b b le s  in a n  a g a r  g e l, w h ich  m a y  b e  c o n s id e red  a  m o d e l b io log ica l s y s te m  w ith  labo ra to ry , p h a rm a c e u tic a l an d  fo o d  a p p lic a tio n s . D iffe re n t bu b b le  s iz e  d is ­
trib u tio n s  w e re  in troduced  into th e  g e ls  by v ary in g  th e  m ixing  c ond itions . A fu n d a m e n ta l s p ec tro s co p ic  a n a ly s is  o f th e  u ltra so n ic  a tte n u a tio n  w a s  p e rfo rm ed  to  d e m o n s tra te  th a t 
both th e  b u b b le  s iz e  d istribution  a nd  th e  sp ac in g  b e tw e e n  th e  b u b b le s  cou ld  be  su cc e ss fu lly  d e te rm in e d . S in c e  th e  g e ls  a re  tra n s p a re n t, d ig ita l im ag in g  o f th e  b u b b le s  cou ld  a lso  
b e  p e rfo rm e d , a llow ing  th e  tw o -p o in t s p atia l co rre la tio n  func tion  to  be  d e te rm in e d  an d  giving a  d irec t m e a s u re m e n t o f th e  b u b b le /p o re  s iz e s  a n d  porosity. G o o d  a g re e m e n t w a s  
fo u n d  b e tw e e n  th e  resu lts  o f u ltrason ic  s p ec tro s co p y  a nd  th e  tw o -p o in t co rre la tio n  fun c tio n , th e re b y  v a lid a tin g  th e  u ltrasoun d  bu b b le  s iz ing  d a ta . O v e ra ll, th is  w o rk  in d ica te s  tha t 
th e s e  te c h n iq u e s  m ay  be  a p p lie d  to  a  b io log ica l s y s te m  c o n ta in ing  p o ly d is p e rse  b u b b le s /p o re s  in o rd e r to  d e te rm in e  th e  s tru c tu re  o f th e  s y s te m  th roug h  e ffe c tive  c h ara c te riza tio n  
o f b u b b le /p o re  s ize  a n d  porosity. T h is  is s ig n ifican t a s  b u b b le /p o re  s iz e  a n d  porosity  a ffe c t m e c h a n ic a l p ro p e rties  an d  th e  utility o f s uch  m a teria ls , w h ich  is o f te c h n o lo g ic a l im p o r­
ta n c e .

[MO-POS] In s t r u m e n t a t io n  a n d  Me a s u r e m e n t  Ph y s ic s  
Ph y s iq u e  d e s  in s t r u m e n t s  e t  m e s u r e s

Monday
Lundi
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S u b m ic ro n  G o ld  W ire s  F a b ric a te d  V ia  D ie le c tro p h o re s is  O f  A  C o llo id a l S u s p e n s io n *, C .T . H a r r o w e r  a n d  D .R . O liv e r, E le c tric a l & C o m p u te r Eng ine e ring , U n ive rs ity  o f  M a n ito b a  —  
S u b -m ic ro n  m e ta llic  w ire s  m a y  be  fa b ric a te d  v ia  d ie le c tro p h o re s is  o f a  c o llo ida l s u sp e n s io n  [1,2]. T h e  g o a l o f  th is  p ro jec t is to  s tudy th e  conduction  c h a ra c te r  o f th e s e  w ire s  a s  th e  
e a rly  s ta g e s  o f fo rm a tio n  invo lve  v e ry  s m all c o n ta c t a re a s . C o llo id a l gold  w a s  p re p a re d  by th e  reduction  o f te tra c h lo ro a u ric  [III] a c id  w ith  so d iu m  c itra te  [3,4] a nd  th e  partic le  s iz e s  
o b ta in e d  d e p e n d  upon th e  c o n ce n tra tio n s . T h e  pa rtic le  s iz e  d istribution  fo r th e  s u s p e n s io n s  o b ta in e d  h a s  b e e n  e s tim a te d  using M ie  T h e o ry  a n d  extinc tion  m e a s u re m e n ts  ob ta in e d  
w ith  a  s p e c tro p h o to m e te r. In o rd e r to  fo rm  w ire s  th e  c o llo ida l so lu tion  m ust be  fu rth e r  c o n c e n tra te d  by a  fa c to r  o f a b o u t 2 0  b e fo re  w ire s  could b e  g row n  a t a  re a s o n a b le  ra te . S u b ­
m icron  w ire s  w e re  g row n  b e tw e e n  tw o  gold e le c tro d e s  (0 .2 5  m m  d ia m e te r  w ire ) a nd  p lac e d  in th e  c o llo ida l so lu tion . T h e  w ire s  w e r e  g row n  o v e r a  s u b -m illim e te r  e le c tro d e  spac ing  
using  both e le c tro p h o re s is  (D C ) an d  d ie le c tro p h o re s is  (A C ). C o n tro l o f th e  g ro w th  w a s  o b ta in e d  by vary in g  th e  e le c tric  fie ld  s tren g th  a n d , in th e  c a s e  o f  d ie le c tro p h o re s is , fre ­
qu e n cy . T h e  conductiv ity  th ro u g h  th e  s y s te m  w a s  s tu d ied  during  a n d  a fte r  w ire  fo rm a tio n .

1. K. Hermanson, et al., Science  294 p1082 (2001)
2. R. M. Penner, J. Phys. Chem. B  106 p3339 (2002)
3. G. Frens, Nature  41 p20 (1973)
4. J.W. Slot & H.J. Geuze, J. C e ll Biol. 90 p533 (1981)
* This work is being supported by NSERC.
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E x p e rim e n ta l C h a ra c te r iz a t io n  o f  an  A e ro g e l C h e re n k o v  P ro to ty p e  fo r  th e  G 0  E x p e r im e n t, M a r c u s  J . S t e e d s 1, J . B irc h a ll1, B. C le m e n t1, W . F a lk 1, L. L e e 1, S .A . P a g e  1,
W .D . R a m s a y  1, W .T .H . v a n  O e r s 1, E . K o r k m a z 2, T .A . P o rc e lli2 a nd  C .A . D a v is 3 , 1 U n ive rs ity  o f  M an itoba ,  2 U n iv ers ity  o f N o rth ern  British C o lu m b ia  an d  3 T R IU M F  —  T h e  G 0  
e x p e rim e n t in H a ll C  a t J e ffe rs o n  La b  w ill d e te rm in e  th e  s tra n g e  q u a rk  con trib u tio n s  to  th e  v e c to r  fo rm  fa c to rs  o f th e  proton . T h e  u p com ing  b a c k -a n g le  m o d e  w ill u s e  a e ro g e l 
C h e re n k o v  d e te c to rs  fo r th re s h o ld  d iscrim in ation  o f a n  e le c tro n  s ig n a l a g a in s t a  p ionic b a ck g ro u n d . T h e  resu lts  o f e le c tro n  b e a m  te s ts  o f th e  N orth  A m e ric a n  p ro to typ e  d e te c to r  
c o n d u c te d  a t T R IU M F ’s M 11  e x p e rim e n ta l b e a m lin e  w ill be  p re s e n te d .
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In ve s tig a tio n  o f S N R  an d  S A R  fo r  L o w -F re a u e n c v  P o la r iz e d  N o b le  G a s  M R I o f  th e  L u n a *. E r in  C h a p p le ,  C .P . B id inosti, J. C h a , N .A . D a v id , M .E . H a y d e n , S im on F ra s e r  U n ive rs ity  
—  L o w -fie ld  m a g n e tic  re s o n a n c e  im ag in g  (M R I)  o f h u m a n  lu n g s  using  h y p e rp o la rize d  no b le  g a s e s  h a s  on ly  re ce n tly  b e e n  d e m o n s tra te d  fo r th e  first tim e . A s  a  resu lt th e re  a re  
still a  n u m b e r o f  su rround ing  iss u e s  th a t a re  poorly  c h a ra c te r iz e d  a t low  fre q u e n c ie s , such  a s  fu n d a m e n ta l s ig n a l-to -n o is e  ratio  (S N R )  lim ita tions  a n d  sp ec ific -ab s o rp tio n  ra tes  
(S A R s ). H e re  w e  p re se n t th e  resu lts  o f an  ong o in g  s tudy th a t p ro b e s  S N R  an d  S A R  fro m  1 0 0  k H z  -  1 M H z , th e  ra n g e  o f fre q u e n c ie s  re le v a n t to  th is  n e w  M R I te c h n iq u e . 
R e s o n a n t coil s tru c tu res  s u itab le  fo r th e  s tudy  o f e a c h  p ro p e rty  w e re  co n stru c ted , an d  a  d e te rm in a tio n  o f  th e  e ffe c tiv e  coil re s is tan ce  w a s  m a d e  w ith  an d  w ith o u t a  h u m a n  sub jec t 
ins ide  e a c h  coil ty p e . F o r th e  S N R  study, re c ta n g u la r H e lm h o ltz  co ils  (3 4  x  4 0  cm ) w e re  p lac e d  a t th e  fron t an d  b a ck  o f th e  c h es t o f th e  s u b jec t. A t a ll fre q u e n c ie s  th e  coil 
re s is ta n c e  is a t lea s t a n  o rd e r o f m a g n itu d e  la rg e r th a n  th e  e ffe c tiv e  re s is tan ce  o f th e  su b jec t, im plying  th a t op tim a l S N R  m igh t only be  a c h ie v e d  w ith  c ryo g e  nical^  co o  led coils.

F o r th e  S A R  study, a  b ird c a g e -lik e  tra n s m it (B i)  coil w h ich  had  a  h o m o g e n e o u s  fie ld  m a p  o v e r  th e  v o lu m e  o f th e  c h e s t w a s  u s ed . A n  S A R  v a lu e  o f  1.5 x  10 J  -B j W /k g  (M K S  
units ) w a s  d e te rm in e d . T h is  resu lt is s u itab le  fo r  a n y  body  coil o f c o m p a ra b le  h o m o g e n e ity , a n d  is usefu l fo r  d e te rm in in g  lim its on R F  pu lse  ra tes .

* This work is being supported by NSERC.
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A  S truc tu ra l S tu d y  o f a  M y ris to y la te d  M e m b ra n e  B ind ing  P e p t id e , T .A . H a r r o u n  1, K. B a la li-M o o d  2, J .P . B ra d s h a w 2 an d  J. K a ts a r a s 1, 1 N a tio n a l R e se a rch  C o u n c il a n d  2 U n ivers ity  
o f E d in b u rg h , -  M y ris to y la tio n  is a  c o m m o n  p o s t-tran s c rip tio n a l m od ification  to  p ro te in s  th a t c o n fe rs  a d d itio n a l m e m b ra n e  bind ing  affinity. T h e  p ro c es s  in vo lv e s  th e  a tta c h m e n t o f 
th e  fo u rte e n  carb o n  s a tu ra te d  a c y l-c h a in  o f m yris tic  a c id  to  th e  N -te rm in u s  o f th e  p ro te in . S u ch  m od ified  p ro te in s  inc lude  th e  a d e n o s in e  ribosylation  fa c to r  (A R F ) fam ily . U s ing  s p e ­
c ific  d e u te r iu m  labe ling  a n d  neu tro n  d iffrac tion , w e  p rev ious ly  d e te rm in e d  th a t th e  15  a m in o  acid  p e p tid e  fro m  th e  N -te rm in a l s e q u e n c e  o f  A R F 1  (p A R F 1 ) lies pa ra lle l to  th e  m e m ­
b ra n e  in te rfa ce , in th e  reg ion  o f th e  h e a d g ro u p . W e  h a v e  re p e a te d  th is  e x p e r im e n t w ith  th e  m yris o y la te d  fo rm  o f th e  p e p tid e , a n d  fo u n d  th a t th e  e ffe ct o f  m yris toy la tion  is to  tig h t­
e n  th e  he lica l s truc tu re  o f th e  m e m b ra n e -b in d in g  d o m a in , fo rm in g  a  n e w  h y d ro p h o b ic  fa c e  fo r th e  p ro te in , in creas in g  its m e m b ra n e  binding cap a b ilitie s . T h e s e  resu lts  co n firm  th e  
th e o re tic a l pred ic tion  th a t th e  e ffe c t o f m yris toy la tion  c an  e x te n d  m a n y  re s id u e s  a lo n g  th e  a m in o  acid  s e q u e n c e  fro m  th e  te rm in u s .
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A  M e th o d  fo r  C o n c e n tra tin g  N u c le ic  A c id s  by S y n c h ro n o u s  P ertu rb a tio n  o f E le c tro p h o re tic  M o b ility · A . M a r z ia l i1, J . P e l1, E . H o lth a m  1, D . B r o e m e l in g 1, R . C o o p e 1, D . B izzo tto  2 
a n d  L. W h ite h e a d  1, 1 D ept. o f  P h ys ics  a n d  A s tro n o m y  a n d  2 D e p t. o f C h e m is try , U n ive rs ity  o f  B ritish  C o lum b ia  —  E le c tro p h o re tic  c u rren t fie ld s  a re  d iv e rg e n c e  fre e , w h ich  p re ­
v e n ts  sp atia l c o n ce n tra tio n  o f  D N A  by s ta n d ard  e le c tro p h o re s is  in un ifo rm , non -b in d in g  m e d ia . In  th is  p re se n ta tio n , w e  d e m o n s tra te  a  g e n e ra l m e th o d  fo r a ch ie v in g  e le c tro p h o re t­
ic c o n ce n tra tio n  o f  D N A  using a lte rn a tin g  e le c tric  fie ld s  a n d  s y n c h ro n ize d  co effic ien t o f  d rag  a lte ra tio n . W e  d e m o n s tra te  D N A  c o n ce n tra tio n  in low  (< 1 % ) a g a ro s e  g e l by focussing  
a  un ifo rm  D N A  solu tion  to  a  s in g le  reg ion  in th e  c e n te r  o f  th e  g e l. T h is  is d o n e  by app ly in g  a  m ix o f d ip o le  an d  q u a d ro p o le  e le c tric  fie ld s  to  fo u r e le c tro d e s  c o n tacting  th e  s id e  o f 
th e  g e l, such  th a t th e  D N A  u n d e rg o e s  osc illa to ry  m otion , but its m obility  is a lw a y s  h ig h e r w h e n  m oving  to w a rd  th e  c e n tre  o f  th e  g e l. R e c e n t resu lts  an d  th e o ry  be h in d  th is  e ffe c t 
w ill be  p re s e n te d , a s  w ell a s  initial w o rk  to w a rd  D N A  purification  a p p lic a tio n s .
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A n a ly s is  o f N u c le ic  A c id  D is so c ia tio n  R a te s  using a  T ra n s -m e m b ra n e  S in g le  M o le c u le  S e n s o r*, J o n a th a n  N a k a n e , M . W ig g in  a n d  A . M a rz ia li, U n ive rs ity  o f  B ritish  C o lum b ia  —  A  
s e lf-a s s e m b lin g  n a n o s e n s o r fo r s e q u e n c e -s p e c if ic  d e te c tio n  o f n u c leo tid e s  a c ro s s  a  m e m b ra n e  h a s  b e en  co n stru c ted  fro m  a  s in g le  a lp h a -h e m o ly s in  n a n o p o re  s e lf-a s s e m b le d  into  
a  lipid b ilayer, a nd  a  D N A  p ro b e  te th e re d  to  av id in  a t o n e  e nd  a n d  c o m p le m e n ta ry  to  th e  a n a ly te  n u c leo tid e  a t th e  o th e r e n d . By m on ito ring  th e  d issoc ia tion  ra te  o f s in g le  D N A  
m o le c u le s  on th e  tra n s  s id e  o f th e  m e m b ra n e  a fte r  b ind ing  to  th e  tra p p e d  p ro b e  s tran d , w e  can  u n c o v e r th e  e n e rg y  la n d s c a p e  o f th e s e  e v e n ts , a llow ing  us to  d e te c t a n d  identify  
short (1 4 -m e r )  perfectly  c o m p le m e n ta ry  s tran d s  a n d  lo ca lize  re g io n s  o f s in g le  b a s e  m u ta tio n s  in s tran d s  sp ec ifica lly  ta rg e te d  b a se d  on th e  s e n s o r p ro b e  s e q u e n c e . F u rth e r  a n a ly ­
sis  o f th e  e n e rg y  la n d s c a p e s  re v e a ls  th a t s e v e ra l c h ara c te ris tics  o f th e  binding in te rac tio n , includ ing  th e  leng th  an d  n u m b e r o f  c o n tig u o u s  re g io n s  o f c o m p le m e n ta ry  n u c leo tid e s , 
a n d  th e  o v era ll fre e  e n e rg y  o f  binding b e tw e e n  m a y  be  u sed  to  d istingu ish  p o p u la tio n s  o f  d iffe ren t o lig o n u c le o tid e s .

* This work is being supported by NSERC.
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A  3 D  U ltra so u n d  S c a n n e r  fo r E va lu a tio n  o f M u s c u lo s k e le ta l D is o rd e rs , A n d re a  L a i2, D a n ie l  W . R i c k e y 1,3,5 a n d  M a rtin  H . R e e d  ^ ,5, 1 M e d ic a l P hys ics , C a n ce rC a re  M an itoba ,
2 F a cu lty  o f  M e d ic in e , U n iv ers ity  o f  M a n ito b a , 3 D e p t o f  P hys ics , U n ive rs ity  o f  M an itoba ,  4 D e p a rtm e n t o f  R ad io lo g y, C h ild re n ’s  H o s p ita l, W in n ip e g  an d  5 D e p a rtm e n t o f  R ad io logy, 
H e a lth  S c ie n ce s  C e n tre  —  U ltra so u n d  is a  p rim ary  im ag in g  te c h n iq u e  fo r d iag n o s is  an d  a s s e s s m e n t o f m u s c u lo s k e le ta l d iso rd ers  b e c a u s e  it g ive s  e x c e lle n t v is u a liza tio n  o f soft 
tis s u e s  an d  c artila g in o u s  c o m p o n e n ts . T h e  c o m m o n  u ltrasoun d  m e th o d  u sed  is c o n v e n tio n a l 2 -d im e n s io n a l tech n o lo g y. T h e re  is m uch in te res t in n e w e r 3 -d im e n s io n a l (3 D ) u ltra ­
s o u n d  te c h n o lo g y . A lth o u g h , th e re  a re  m a n y  a d v a n ta g e s  to  3 D  m e th o d s , it h a s  b e en  w e a k  in s ca n n in g  o v e r  th e  cu rve d  s u rfa c e s  o f th e  body. T h e  g o a l o f th is  p ro jec t is to  d e v e lo p  
a n d  e v a lu a te  a  novel 3 D  u ltrasoun d  te c h n iq u e  th a t a llo w s  s ca n n in g  o v e r  c u rve d  s u rfa c e s . In th is  p o s te r  w e  w ill s h o w  u ltrasoun d  im a g e s  o f v a r io u s  m u s c u lo s k e le ta l a n a to m y  
a c q u ire d  w ith  a  d iag n o stic  u ltrasoun d  m a c h in e  c o u p led  to  a  s y s te m  th a t o b ta in s  3 D  im a g e s  o v e r  cu rve d  s u rfa c e s . T h e  u s e fu ln e s s  o f th is  3 D  te c h n iq u e  w a s  e v a lu a te d  by s cann ing  
a  n u m b e r o f pe d ia tric  pa tien ts . T h e  te c h n o lo g y  w a s  fo u n d  to  e as ily  m o v e  o v e r  th e  c u rve d  s u rfa c e s  o f th e  su b jec ts . In ad d itio n , th e  3 D  im a g e s  w e re  te s te d  fo r g e o m e tr ic  fidelity. 
T h e  s c a n n e r  re p ro d u ce d  im a g e  g e o m e try  w ith  a  h igh d e g re e  o f fide lity, i .e ., w ith in  0 .3  m m . M o tio n  a rte fa c ts  cou ld  be  c o rrec te d  to  a  certa in  d e g re e , h o w e v e r  s o m e  distortion  
re m a in e d  in im a g e s  a c q u ire d  fro m  n e o n a te s  a n d  in fan ts  w h o  had  b e e n  in c o n stan t m otion  during  th e  s ca n .
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T h e  E ffec t o f  B o n e  S h a p e  an d  O rie n ta tio n  in X -R a y  F lu o re s c e n c e  B o n e  L e a d  M e a s u re m e n t, A .F . M c D o n a ld ,  N . A h m e d  a n d  D .E .B . F le m in g , M o u n t A lliso n  U n ive rs ity  -  L e a d  is a  
n o n e s s e n tia l tra c e  m e ta l in th e  h u m a n  body a nd  h a s  b e e n  a s s o c ia te d  w ith  a  v a r ie ty  o f a d v e rs e  he a lth  e ffects . S in c e  th e  h a lf-life  o f lea d  in b o n e  tis su e  is 1 0 -2 0  y e a rs , m e a s u re ­
m e n t o f lea d  c o n ce n tra tio n  in b o n e  a llo w s  o n e  to  a sc erta in  lo n g -te rm  e x p o s u re . O u r  g ro u p  u s es  X -ra y  flu o re s c e n c e  (X R F )  to  a n a ly z e  b o n e  lea d  lev e ls . T h is  m e th o d  is p e rfo rm ed  
in  v ivo  a nd  is c a p a b le  o f m e as u rin g  b o n e  lea d  lev e ls  a b o v e  5  p p m . T h e  fo c u s  o f th e  re s e a rc h  p ro jec t w a s  to  in ve s tig a te  s o m e  o f  th e  fa c to rs  th a t m a y  a ffe c t p recis ion  a n d  a c c u ra ­
cy  o f  th e  te c h n iq u e . T h e  X R F  in s tru m en t is c a lib ra te d  using c y lindrica l b o n e  p h a n to m s  d o p e d  w ith  know n  q u a n titie s  o f lea d . W e  c o n stru cted  a d d itio n a l p h a n to m s  o f o th e r  s h a p e s  
in o rd e r to  in ve s tig a te  w h a t e ffe c t, if any, b o n e  s h a p e  a n d  o rien ta tio n  m ight h a v e  on th e  te c h n iq u e . P re lim in a ry  resu lts  a re  p re s e n te d  a n d  th e ir  im p lic a tio n s  a s s e s s e d .
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L o c a lize d  Ion  D e p le tio n  A n d  R e a d  L e ng th  D e g ra d a tio n  In C a p illa ry  E le c tro p h o re s is  F o r D N A  S e q u e n c in g *· R o b in  C o o p e  an d  A n d re  M a rz ia li, U n ive rs ity  o f  B ritish  C o lum b ia  —
W e  h a v e  in ve s tig a ted  th e  p e rfo rm a n c e  d e g ra d a tio n  in cap illa ry  s e q u e n c in g  o f D N A  s a m p le s  th a t con ta in  s lo w -m o v in g  c o n ta m in a n t fra g m e n ts  s uch  a s  g e n o m ic  D N A . A n a ly s is  o f 
c u rren t an d  flu o re s c e n c e  d a ta  fro m  a  9 6  cap illa ry  e le c tro p h o re s is  in s tru m en t h a s  sh o w n  th a t p o o r re a d s  a re  p rim arily  d u e  to  low  cap illa ry  c u rren t, resu lting  in a  la rg e  in c re a s e  in 
run leng th  fo r s o m e  c a p illa rie s . W h ile  th e  p e a k  s h a p e  o f  d iffe ren t leng th  D N A  b a n d s  is m a in ta in e d , s im p ly  not e n o u g h  b a n d s  in th e  a ffe c te d  c a p illa rie s  re ac h  th e  d e te c to r  during  
th e  run. W h ile  th is  e ffe c t h a s  b e en  o b s e rv e d  fo r  y e a rs  in production  D N A  s e q u e n c in g , no  sa tis fa c to ry  e x p la n a tio n  h a s  b e e n  a d v a n c e d . T h e  m e c h a n is m  o f c u rren t re duction  has  
b e e n  iden tified  a s  th e  c a tas tro p h ic  d e v e lo p m e n t o f an  ion ic  d e p le tio n  reg ion  d o w n s tre a m  o f low  m obility  D N A  fra g m e n ts  re m a in in g  fro m  th e  e -c o li b a s e d  D N A  pre p ara tio n  protocol. 
T h e  d e p le tio n  reg ion , w ith  ~ 5 %  th e  conductiv ity  o f  th e  b a ck g ro u n d  reg ion , g ro w s  o v e r tim e  a nd  a s  a  resu lt, th e  c u rren t d e c lin e s  an d  re a d  leng th  is re d u c e d . W e  p re se n t e x p e ri­
m e n ta l resu lts  sh o w in g  th e  grow th  a nd  p ro p a g atio n  o f th is  d e p le tio n  reg ion , an d  p re se n t a n a ly tic  a n d  n u m e ric a l m o d e ls  o f th is  e ffect.

* This work is being supported by National Institues of Health.
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A  N o te  on In te rp o la tio n  a n d  E x trap o la tio n  M e th o d s  in B ra c h v th e ra p v  D o s e  C a lc u la tio n s * . J a s o n  S u n , N u c le tro n  C a nada  Inc., —  In b ra c h y th e ra p y  tre a tm e n t p lan n in g , d o s e -ra te  

distribution  d a ta  fo r a  g iven  s o u rc e , o b ta in e d  fro m  p h a n to m  m e a s u re m e n ts  o r M o n te  C a rlo  c a lc u la tio n s , a re  u sually  re p o rte d  on  a  p o la r o r C a rte s ia n  g rid . In te rp o la tio n  a n d  e x tra p ­
o la tion  a re  a lw a y s  re q u ire d  fo r  d e te rm in in g  th e  d o s e  ra te  on off-grid  points. S in c e  th e  d o s e  ra te  c h a n g e s  rap id ly  a ro u n d  a  s o u rce , th e re  h a s  b e en  a  g e n e ra l b e lie f th a t o n e  w ou ld  

h a v e  m o re  a c c u ra te  resu lts  if th e  in v e rs e -s q u a re  fa c to r  w e re  e x tra c te d  fro m  th e  d o s e -ra te  d istribution  b e fo re  in te rp o la tio n  o r e x tra p o la tio n  is p e rfo rm e d . T h is  is fo u n d  to  be  tru e  fo r  

point s o u rc e s . F o r line s o u rce s , th e  A A P M  T G -4 3  re c o m m e n d s  th a t a  g e o m e tr ic  fac to r, w h ich  is d iffe re n t fro m  th e  in v e rs e -s q u a re  fac to r, be  s e p a ra te d  fro m  o th e r s lo w -va ry in g  fa c ­
to rs  o r func tions , e .g ., rad ia l d o s e  function  an d  an is o tro p y  fun c tio n . A c co rd in g  to  T G -4 3  an d  its re v is ed  protoco l (d ra fted  by th e  A A P M  L IB D  s u b c o m m itte e ), fo r e a c h  off-grid  point, 
o n e  shou ld  c a lc u la te  th e  g e o m e tr ic  fa c to r  spec ifica lly , using th e  w e ll-d e fin e d  e q u atio n . In te rp o la tio n  o r e x tra p o la tio n  should  be  m a d e  on ly  on o th e r fa c to rs . R e ce n tly , w ith in  th e  

b ra c h y th e ra p y  c o m m u n ity , th e re  is an  op e n  d e b a te  on th e  n e ce s s ity  o f m a k in g  such  a  s e p a ra tio n . T h is  p a p e r c le a rly  s h o w s  th a t, w ith o u t a  p ro p e r h and lin g  o f  th e  g e o m e tr ic  factor, 
i.e ., not s ep a ra tin g  th is  fa c to r  fro m  d o s e -ra te  d istrib u tion , o r s im p ly  a p p ly in g  th e  in v e rs e -s q u a re  fa c to r  fo r a  lin e -s o u rc e , th e  in te rp o la tio n  o r e x tra p o la tio n  m ay  certa in ly  resu lt in 

e rro rs  w e ll b e yo n d  th e  a c c e p ta b le  ra n g e . T h e  pub lish ed  d o s im e tric  d a ta  o f Io d in e -1 2 5  671 1  s o u rce , c o m m o n ly  u sed  fo r  tre a tin g  p ro s ta te  c an c e r, a re  u sed  in th is  study.

* This work is supported by Nucletron Canada Inc.
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S im u la tio n  o f  a  R a d io a c tiv e  E lu ting  S te n t U s ing  G e a n t4 *  J e a n -F r a n c o is  C a r r ie r 12, L . B e a u lie u  12, R . R o y  2 a n d  O . B ertra n d  3, 1 H ô te l-D ie u  d e  Q uébec, 2 U n ive rs ité  L a v a l and  
3 H ôp ita l L a va l —  R a d ia tio n  th e ra p y  h a s  b e en  iden tified  a s  a  prom ising  m e a n s  o f tre a tin g  co ro n ary  res te n o s is . H o w e v e r, p re c is e  d o s im e try  s im u la tio n s  h a v e  to  b e  d o n e  in o rd e r  
to  m a k e  su re  th e  d o s e  d e p o s ited  in th e  a rtery  w a ll is un ifo rm ly  d is trib u te d . T h e  p ro jec t c u rren tly  u n d e r s tudy is a  ra d io a c tive  e lu ting  s te n t w ith  a  p o ly m e r co a tin g . F o llow ing  s ten t 
im p lan tatio n  in th e  v e s s e l, ra d io a c tive  4 5  iso to p e s  a re  d e liv e re d  to  th e  a rte ry  w a ll fro m  th e  p o ly m e r m atrix . N u m e ric a l s im u la tio n s  w e re  d o n e  in o rd e r to  s tudy th e  d iffusion  o f th e  
iso to p e s  th ro u g h  th e  w a ll. A fte rw a rd s , th e  irrad ia tion  o f th e  ta rg e t v o lu m e  is s tu d ied  w ith  M o n te  C a rlo  s im u la tio n s . T h e  M o n te  C a rlo  too lk it u sed  fo r th e  d o s im e try  s im u la tio n s  is 
G e a n t4 , an  o b je c t-o r ie n te d  too lk it d e v e lo p e d  a t C E R N . S im u la tio n s  w e re  d o n e  fo r  a  2 D  a rte ry  s ta tic  m ode l fo r spec ific  p a ra m e te r  v a lu e s . T h e  p a ra m e te rs  a re  in te r-s tru t spac in g , 
p o ly m e r co atin g  th ic k n e s s  a n d  diffusiv ity  c o e ffic ie n ts  in w a ll, b lood a n d  co a tin g . D o s e  d e p o s ited  d is trib u tions  w e re  a ls o  c a lc u la te d  fo r a  d y n a m ic  m o d e l. T h e  to ta l d o s e  d istribution  
in th e  a rte ry  w a ll a fte r  tw o  w e e k s  o f d iffusion  an d  rad ia tion  w ill be  p re s e n te d . T h e  d o s e  de liv ery  s u c c e s s  is m e a s u re d  using tw o  qu a n titie s: th e  d o s e  h o m o g e n e ity  in th e  th e ra p e u ­
tic  reg ion  a n d  th e  p e rc e n ta g e  o f activ ity  re m a in in g  in th e  th e ra p e u tic  reg ion  a fte r  a  d e fin e d  du ra tio n . A  3 D  a rte ry  m o d e l h a s  a ls o  b e e n  d e v e lo p e d  a n d  p re lim in a ry  resu lts  w ill a lso  
b e  p re se n te d .

* This work is being supported by FQRNT.

M O -P O S -1 2 7

P e rfo rm a n c e  E va lu a tio n  o f  a  C T /P E T  Im ag in g  S y s te m  fo r R a d ia tio n  O n co lo g y  T re a tm e n t S im u la tio n . P .S . B a s r a n  1, C . C a ld w e ll2 an d  K . M a h  1, 1 D e p a rtm e n t o f  M e d ic a l P hysics, 
T o ro n to -S unn yb ro ok  R e g io n a l C a n c e r C e n tre  & D e p a rtm e n t o f  R a d ia tio n  O n co lo g y  a n d  2 S u n n y b ro o k  a n d  W om ens C o lle ge  H e a lth  S c ience  C e n tre  & D e p a rtm e n t o f  M e d ica l 
Im ag ing , U n ive rs ity  o f  Toronto  —  A c c e p ta n c e  te s tin g  o f a  n e w  c o m b in ed  P ositron  E m is s io n  T o m o g ra p h y  (P E T )  m u lti-s lice  C T  s c a n n e r  (P h ilip s  G e m in i P E T -C T  S y s te m ) d e d ic a te d  
fo r  rad ia tio n  on co lo g y  s im u la tio n  w a s  u n d e rta ke n  a t o u r institu te . Testing  w a s  d iv id e d  into th e  e v a lu a tio n  o f th e  i) C T -s im u la to r  a n d  im ag in g  sys te m ; ii) P E T -im a g in g  sys te m ; and  
iii) th e  reg is tra tion  o f th e  P E T  an d  C T  d a ta . P e rfo rm a n c e  o f th e  C T -s im u la to r  s y s te m  w a s  e v a lu a te d  w ith  te s ts  d e sc rib ed  by th e  A m e ric a n  A s so cia tio n  o f M e d ic a l P h ys ic is ts  Task  
G ro u p  R e p o rts  2  an d  66, p lus  s o m e  a d d itio n a l te s ts  th a t e x a m in e  th e  m u lti-s lice  c a p a b ilit ie s  o f th e  s ys te m . In th is  poster, w e  p re s e n t d e ta ils  on  th e  e le c tro m e c h a n ic a l a n d  im ag e  
q ua lity  c h ara c te ris tics  o f th e  m u lti-s lice  C T  s ca n n e r. To s u m m a riz e  o u r resu lts , th e  p e rfo rm a n c e  c h a ra c te ris tic s  o f th e  im ag in g  s y s te m s  w e re  fa v o u ra b le ; h o w e ve r, th e re  w e re  
s o m e  m e c h a n ic a l c h a lle n g e s  w h e n  using th e  s y s te m  a s  a  ra d io th e ra p y  s im u la to r  d u e  to  g re a te r  d e m a n d s  in g e o m e tr ic a l a c c u ra c y  w h e n  s im u la tin g  rad ia tio n  th e ra p y . S o m e  key  
fin d in g s  include: a  s y s te m a tic  co u ch  tilt w ith  an d  w ith o u t th e  fla t-b e d  top ; an  (e x p e c te d ) in c re a s e  in rad ia tion  profile  th ic k n e s s  fo r  th e  m u ltip le  C T  im a g e s  d u e  to  b e a m  d iv e rg e n c e ;  
s ig n a tu re  im a g e  a rtifa cts  fro m  m u lti-s lice  he lica l sca n n in g ; a n d , a  s y s te m a tic  in -p la n e  ro ta tion  in reco n s tru c te d  im a g e s . W h ile  m a n y  o f th e s e  fin d in g s  do  not im p ac t rad ia tion  th e ra ­
py s im u la tio n  s ign ificantly , s o m e  fin d in g s  re qu ired  in -h o u s e  m o d ific a tio n s  o r  o th e r  a m e lio ra tio n s . S in c e  N o v e m b e r  2 0 0 3 , th e  C T  s im u la to r c o m p o n e n t o f  th e  im ag in g  s y s te m  h a s  
b e e n  c o m m is s io n e d  fo r  c lin ical u s e . In th is  poster, w e  d e s c rib e  th e  m a jo r resu lts  o f th e s e  te s ts  a lo n g  w ith  m od ific atio n s  to  th e  rad ia tio n  th e ra p y  C T  s im ulator.
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A  B e n c h -to p  M e g a v o lta g e  C T  S c a n n e r  w ith  C a d m iu m  T u n g s ta te -P h o to d io d e  D e te c to rs * , D .T u  1, T .T. M o n a je m i1, D . R ic ke y  2, B .G . F a llo n e  1, S . R a th e e  1, 1 M e d ic a l P h ys ics , C ross  
C a n c e r Ins titu te , U n iv e rs ity  o f  A lb e rta  a n d  2M e d ic a l P h ys ics , C a n c e rC a re  M a n ito b a  —  Im a g in g  p a tien ts  in tre a tm e n t position fo r  a c c u ra te  p a tien t s e t up a n d  d o s e  d e liv e ry  v e rifi­
catio n  in ra d io th era p y  is possib le  w ith  m e g a v o lta g e  c o m p u te d  to m o g ra p h y  (M V C T ) .  H o w e v e r, in o rd e r to  o v e rc o m e  th e  p oor c o n tra s t an d  h ig h e r d o s e  resu lting  fro m  m e g a v o lta g e  
pho to n s, th e  M V C T  d e te c to r  m ust be  d e s ig n e d  to  p rov id e  th e  op tim a l d e te c tiv e  q u a n tu m  e ffic iency  (D Q E ).  T h e  a im  o f th e  p re se n t s tudy is to  fa b r ic a te  a  p ro to typ e  (8 0 -e le m e n t , 2 5  
c m ) fa n -b e a m  C T  d e te c to r  using C d W O 4 scin tilla to r a n d  p h o to d io d es . In a  p re v io u s  s tudy, w e  d e te rm in e d  th a t th e  z e ro  fre q u e n c y  D Q E  o f an  8-e le m e n t C d W O  4 a rra y  w a s  2 6 %  
a n d  1 9 %  in 1 .2 5  M e V  a n d  6 M V  pho to n s, respective ly . W e  h a v e  d e s ig n e d , fa b r ic a te d  an d  te s te d  th e  d a ta  acqu is ition  tim ing  con tro l, p recis ion  ro tary  s ta g e  contro l an d  an  a n a lo g  
d a ta  m u ltip lex e r unit fo r  th e  p ro to typ e  8 0 -e le m e n t d e te c to r  a rra y . T h e  d a ta  acqu is ition  is s y n c h ro n ize d  w ith  rad ia tion  produc ing  pu ls es  fro m  th e  lin ea r a c c e le ra to r . W e  h a v e  te s ted  
th e  linearity  o f th e  p ro to typ e  d e te c to r  a rra y  w ith  re sp e c t to  th e  d o s e  ra te , an d  its ab ility  to  a c c u ra te ly  m e a s u re  th e  a tte n u a tio n  o f  6 M V  photon b e a m  by solid  w a te r . T h e  p re -s a m -  
p led  line  s p re a d  fun c tio n , m o du la tion  tra n s fe r  func tion  (M T F ) ,  th e  no is e  p o w e r s p e c tru m , a n d  th e  s p a tia l fre q u e n c y  d e p e n d e n t D Q E  o f th e  d e te c to r  h a v e  b e e n  m e a s u re d  in 6 M V  
photon  b e a m . In fu tu re , th is  d e te c to r, a lo n g  w ith  th e  p recis ion  ro tary  s ta g e , w ill be  u sed  fo r  co llecting  th e  fa n  b e a m  pro jection  d a ta  fo r  a  s ta n d ard  C T  p h a n to m  (C A T P H A N 5 0 0 )  in 
o rd e r to  a s s e s s  th e  b as ic  M V C T  im a g e  quality. T h e  s y s te m  b lock  d ia g ra m  a n d  th e  p re lim in a ry  resu lts  w ill be  p re s e n te d .

* This work is being supported by CIHR(MOP 43254), ACB (RE-78).
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D e v e lo p m e n t o f M e g a v o lta g e  C o n e -b e a m  C T  fo r  Im a g e -g u id e d  R a d io th e ra p y  T re a tm e n t* , G e o r d i P a n g , J .A . R o w la n d s , P.F. O ’B rien , X . M e i, C . Y e b o a h , M . T a m b as c o , 
T o ro n to -S unn yb ro ok  R e g io n a l C a n c e r C e n tre  —  S o ft tis su e  im ag in g  in th e  tre a tm e n t room  is o n e  o f  th e  m a in  c h a lle n g e s  fa c e d  to d a y  in rad ia tion  th e ra p y . O u r o v era ll g o a l is to  
d e v e lo p  a  m e g a v o lta g e  c o n e  b e a m  C T  (M V C T )  w h ich  c an  be  u sed  to  im a g e  soft tis su e  ta rg e ts , such  a s  th e  p ro s ta te , w ith  a  low  d o s e  (< 5 %  o f th e  tre a tm e n t d o s e ) so th a t daily  
im ag in g  w o u ld  b e c o m e  fe a s ib le  an d  im a g e -g u id e d  ra d io th era p y  using M V C T  could  be  re a lis e d . T h e  p re c is e  k n o w le d g e  o f  p a tien t a n a to m y  a t th e  tim e  o f  tre a tm e n t o b ta in e d  w ith  
M V C T  w ill pe rm it h ig h e r rad ia tion  d o s e s  to  b e  d e liv e re d  to  th e  ta rg e t v o lu m e  w ith  po ten tia lly  g re a te r  c a n c e r  contro l but w ith o u t an  in c re a s e  o f  s id e  e ffe c ts . C o m p a re d  to  k V C T  
( i .e ., c o n e  b e a m  C T  w ith  a  k ilo vo ltag e  x -ra y  s o u rc e  m o u n te d  on th e  lin ea r a c c e le ra to r), M V C T  h a s  th e  a d v a n ta g e s  o f s im plic ity  a n d  p o ten tia lly  h ig h e r a cc u rac y . A  M V C T  s ys te m  
h a s  b e e n  built w h ich  consis ts  o f a  fla t p a n e l d e te c to r  a n d  a  lin ea r a c c e le ra to r  fitted  w ith  a  lo w -z  ta rg e t a n d  a  re m o v a b le  fla tte n in g  filter. E ffe c ts  o f v a r io u s  fa c to rs  on p h a n to m  
im a g e  quality  such  a s  th e  x -ra y  fo c a l spo t, x -ra y  s p e c tru m , p h a n to m  sca tte r, im ag in g  g e o m e try  an d  d e te c to r  qua lity  h a v e  b e en  in ve s tig a ted . A  m e th o d  a im e d  to  im p ro ve  th e  
M V C T  im a g e  quality  a nd  re d u c e  th e  im ag in g  d o s e  h a s  b e e n  p ro p o s ed . T h is  inc lu d e s  th e  o p tim iza tio n  o f th e  b e a m lin e  c o m p o n e n ts , th e  reduction  o f x -ra y  s c a tte r  a s  w e ll a s  a  s ig ­
n ifican t in c re a s e  in th e  q u a n tu m  e ffic ie n c y  o f th e  fla t p a n e l d e te c to r  fo r M V  x -ray s .

* This work was supported by Siemens Medical Solutions USA, Inc.
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A n  E m p iric a l M o d e l to  E s tim a te  th e  M e a n  S q u a re  S c a tte rin g  A n g le  o f E le c tro n  B e a m s  fo r U s e  in T re a tm e n t P la n n in g  S y s te m s , D e b o r a h  H o d e f i ,  H ô p ita l M a iso n n e u ve -R o se m o n t  
—  E le c tro n  p encil b e a m  a lg o rith m s, such  a s  th a t e m p lo y e d  by C a d P la n  (V a ria n ), g e n e ra lly  re ly  on th e  m e a n  s q u a re  sca tte rin g  a n g le  (m s a ) to  c h a ra c te r iz e  th e  b e a m  s p re a d . 
U sua lly , o n e  v irtu a l m a c h in e  is c re a te d  p e r  e le c tro n  e n erg y . T h is  p ractice  im p lies  th a t o n e  v a lu e  fo r th e  m s a  is su ffic ien t to  m o d e l d o s e  d is trib u tions  o f a n y  fie ld  s iz e . T h e  fie ld  
s iz e  is d e lim ite d  by th e  ja w  pos itions, a p p lic a to r an d  cu t-o u t. A s  e le c tro n s  a re  e as ily  s c a tte re d , v a ria tio n  o f th e s e  p a ra m e te rs  w ill in flu e n ce  th e  a n g u la r  s p re a d . T h e  m s a  u sed  as  
input fo r  a  tre a tm e n t p lan n in g  s y s te m  m a y  d iffe r c o n s id e ra b ly  fro m  th e  m s a  a s s o c ia te d  w ith  a  g ive n  set o f  c ond itions . S u b s e q u e n tly , e rro r  m a y  be  in troduced  into th e  c a lc u la te d  
d o s e  d istribution  T h e  o b je c tiv e  o f th is  w o rk  w a s  to  d e v e lo p  an  e m p iric a l fo rm u la , s u itab le  fo r  u s e  in a  tre a tm e n t p lan n in g  s y s te m , w h ich  is c a p a b le  o f d e te rm in in g  th e  m s a  particu -
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la r to  e a c h  c a s e . M e a s u re m e n ts  w e re  c arried  ou t using an  E le k ta  S L 2 5  a c c e le ra to r . A  p -typ e  s ilicon d io d e  w a s  utilized  to  m e a s u re  p ro files  a t th e  s u rfa c e  o f a  w a te r  p h a n to m  fo r  
v a rio u s  c o m b in a tio n s  o f e n erg y , app lic a to r, c u t-o u t s iz e  an d  ja w  position . T h e  co rres p o n d in g  m s a  w a s  d e riv e d  fro m  th e  p e n u m b ra  o f  e a c h  profile . F o r a  g ive n  e n erg y , th e  m s a  
h a s  b e e n  sh o w n  to  v ary  d ra m a tic a lly  o v e r  th e  ra n g e  o f a p p lic a to rs  u sed  in th e  c lin ic . A n  e x p re s s io n  w a s  fo rm u la te d  w h ich  p red ic ts  th e  m s a , a c c o u n tin g  fo r app lic a to r, c u t-o u t s ize , 
e n e rg y  a n d  ja w  e ffe c ts . B y  prov id ing  a  s ign ifican tly  m o re  a c c u ra te  m s a  fo r a  g iven  s e t o f c ond itions , m o re  rea lis tic  d o s e  d is trib u tions  m ay  be  g e n e ra te d .
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P ro p o s e d  D e fin itio n s  fo r Is o d o s e  F la tn e s s  a n d  S y m m e try  in C lin ica l R a d io th e ra p y  B e a m s , E d u a r d o  G a l i a n o 1, T  J o ly 1 a n d  F  W ie b e  2, 1 L a u ren tian  U n ive rs ity  an d  2 U n iv ers id ad  
N a c io n a l d e  A s u n c io n  —  In ra d io th era p y  it is im p o rtan t th a t b e a m  in tensity  b e  a s  h o m o g e n e o u s  a s  pos sib le  to  re d u c e  th e  p robability  o f tre a tm e n t fa ilu re . A s  e x te n s io n s  o f th e  
c o n c e p ts  o f b e a m  fla tn e s s  a n d  sym m e try , th e  c o n c e p ts  o f iso d o se  fla tn e s s  ( IF )  an d  s ym m e try  ( IS )  a re  in tro d u c e d . A n  iso d o se  c u rve  is a  p la n a r c u rve  a cro s s  a  rad ia tio n  b e a m , 
s uch  th a t e v e ry  point on th e  c u rve  re c e iv e s  th e  s a m e  d o s e . U s in g  a  1 0  x  1 0  c m  fie ld , an  8 0  c m  S S D , a nd  a  p h a n to m  m e a s u re m e n t d e p th  o f  10  c m , w e  p ro p o s e  de fin ing  iso­
d o s e  fla tn e s s  fo r an  iso d o se  c u rve  a s  th e  m a x im u m  a b s o lu te  sp atia l d e v ia tio n  fro m  th e  m e a n  e x p re s s e d  a s  a  p e rc e n ta g e  o f  th e  m e a s u re m e n t d e p th  o f 1 0  c m . W ith  iden tica l 
g e o m e try  w e  p ro p o s e  de fin ing  iso d o se  s y m m e try  ( IS )  a s  th e  m a x im u m  s p atia l d e v ia tio n  b e tw e e n  a n y  p a ir o f s y m m e tr ic  po in ts  a b o u t th e  b e a m  m id line  e x p re s s e d  a s  a  p e rc e n ta g e  
o f th e  s a m e  m e a s u re m e n t d e p th . M a th e m a tic a lly :

IF  =  (1/ 2Xj -  m 1/ 2max x  1 0 0 %  )  /  10  cm  
and

IS  =  ( / x i  -  x i’/m a x  x 1 0 0 % ) /  10  cm
w h e re  xi is a n y  po in t on th e  iso d o se  c u rv e , x i’ is its s ym m e tric  point w ith  re s p e c t to  th e  b e a m  m id line , an d  m  is th e  m e a n  o f a ll x^s. T h e s e  de fin itio n s  w e re  te s te d  w ith  a c tu a l d a ta  
o b ta in e d  fro m  a  C o -6 0  unit a n d  a  lin e a r  a c c e le ra to r , w ith  film . T h e  c a lc u la te d  IF  an d  IS  fo r th e  C o -6 0  unit w e re  3 .2 0  ±  6 9  %  an d  3 .0 2  ±  6 9  %  respective ly . T h e  c a lc u la te d  IF  and  
IS  fo r th e  a c c e le ra to r  w e re  6 .11 ±  2 .1 9  %  a n d  11 .01  ±  2 .1 9  %  respective ly .
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A n a ly tic  E x p re s s io n s  fo r D e p th -D o s e  C u rv e  in a  H o m o g e n e o u s  C y lin d ric a l P h a n to m  fo r P h o to n  B e a m  Irra d ia tio n , J o s e  M . M a r t in e z -O r te g a ,  O ttaw a-C arle ton  M e d ic a l P h ys ics  
In s titu te ,.C a rle to n  U n ive rs ity  —  A n a ly tic  e xp re ss io n  fo r d o s e  c a lc u la tio n  is qu ite  ra re  in ra d io th e ra p y  c o n te x t. T h e  m a in  re as o n  o f th a t is d u e  to  th e  high c o m p le x ity  o f th e  c a ta ­
s tro p h ic  e le c tro n -tra n s p o rt m e c h a n is m  a s  th e  e le c tro n  s low ing  d ow n  in m e d ia . C u rre n tly  c o n d e n s e d  h is to ries  o f M C  a lg o rith m s  h a v e  b e e n  po s tu la ted  a s  th e  b est c a n d id a te  fo r  
d o s e  c a lc u la tio n  p u rp o s es . T h e  p re se n t w o rk  is o n e  o f th e  first a tte m p ts  to w a rd  to  find a n a ly tic  so lu tio n s  fo r  th e  d e p th -d o s e  c u rve  in a  h o m o g e n e o u s  c y lindrica l p h a n to m  irrad ia ted  
by photon  b e a m . In o rd e r to  illustra te  h o w  th is  th e o ry  w o rks  th e  s c a tte r  flu e n c e  ins ide  o f h o m o g e n e o u s  c y lin d e r irrad ia te d  by m o n e n e rg e tic  C o b a lt-6 0  b e a m  w a s  d e te rm in e d . T h e  
b e a m  w a s  c o n s id e red  a  set o f pa ra lle l ph o to n s  rays  hitting p e rp e n d ic u la r  to  th e  to p  o f  c y lin d e r’s  s u rfa c e  a n d  th e  p robab ility  o f  photon  sca tte rin g  w a s  a s s u m e d  v ia  T h o m s o n . A s  
resu lt a  s e t o f fa s t c o n v e rg e n t a n a ly tic  s e r ie s  w e re  o b ta in e d  a llow ing  c o m p u te  th e  d e p th -d o s e  c u rve  a lo n g  th e  m a in  a x is  o f th e  cylinder. D u e  to  th e  s im plic ity  o f th e  p h o to n -e le c ­
tron  tra n s p o rt m e c h a n is m  c o n s id e red  h e re , th is  first m o d e l h a s  b e e n  c o n s id e red  fo r  a c a d e m ic  p u rp o s es  only. H o w e v e r, fu rth e r d e v e lo p m e n t o f th is  th e o ry  is a n  outg o in g  inves ti­
ga tio n .
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V irtu a l C o m p e n s a tio n  C o m p a re d  w ith  P h ys ica l C o m p e n s a tio n  in H e a d  an d  N e c k  R a d io th e ra p y , D a r c y  M a s o n , C . A ra u jo , J . W ils o n  a n d  A . B a illie , B C  C a n c e r A g e n c y  - S o u the rn  
In te r io r  —  A  c o m m o n  h e ad  an d  n e ck  te c h n iq u e  u s es  pa ra lle l o p p o s e d  la te ra l fie ld s  m a tc h e d  to  a  s u p ra c la v ic u la r  fie ld . T h e  la te ra l fie ld s  n e e d  tis su e  c o m p e n s a tio n  in tw o  d im e n ­
sions; th is  w a s  fo rm e rly  a c h ie v e d  a t o u r c e n tre  using w e d g e s  p lac e d  th ick  e n d  a n te r io r  fo r m ost fra c tio n s , a n d  th ick  en d  in fe rio r fo r  th e  last fe w  fra c tio n s . W e  n o w  u s e  “v irtual 
c o m p e n s a tio n ” prov id ed  by b e a m  s e g m e n ts  s h a p e d  by m u lti-le a f c o llim a to rs  (M L C ). T h e  s e g m e n ts  a re  d e s ig n e d  by insp ec tion  o f  a  d o s e  d istribution  on a  m id -s ag itta l s lice . 
U n ifo rm  d o s e s  c an  be  a c h ie v e d  w ith  th re e  s e g m e n ts  p e r  fie ld , an d  o ften  w ith  on ly  tw o  s e g m e n ts  by s ta g g erin g  th e  s h a p e s  fro m  th e  oppo s in g  fie ld s . W e  c o m p a re d  th e  v irtua l c o m ­
p e n s a to r  (v -c o m p ) te c h n iq u e  w ith  p hysica l c o m p e n s a to rs  (p -c o m p s ) m a d e  o f b rass . D o s e  d is trib u tions  w e re  m e a s u re d  fo r v -c o m p s  a n d  p -c o m p s  fo r  an  a n th ro p o m o rp h ic  h e ad  
p h a n to m  a nd  a  fla t p h a n to m . T h e  tw o  c o m p e n s a to r  ty p e s  p ro d u c ed  clin ically  e q u iv a le n t d o s e  d istrib utions, a n d  th e  m e a s u re m e n ts  c o n firm ed  th e  d o s e  p re d ic tions  o f th e  tre a tm e n t  
p lan n in g  s y s te m  w ith in  a  fe w  p e rce n t. In itially  th e  v -c o m p  te c h n iq u e  re q u ire d  a  lot o f p lan n in g  tim e , but w e  h a v e  s tre a m lin e d  th e  p ro c es s . P a tie n t tre a tm e n t tim e s  a re  not s ign ifi­
can tly  d iffe re n t fro m  th e  p re v io u s  te c h n iq u e . U n like  in v e rs e -p la n n e d  in tensity  m o d u la ted  rad ia tion  th e ra p y  ( IM R T ),  o u r fie ld  s iz e s  a nd  s h a p e s  fall w ith in  th e  n orm al p a ra m e te rs  o f 
c o n v e n tio n a l tre a tm e n t. T h e  on ly  e x tra  w o rk  n e e d e d  w a s  to  con firm  o u r lin e a r  a c c e le ra to r  stab ility  fo r  th e  low  m o n ito r units u sed  in s o m e  s e g m e n ts . T h u s  th e  v -c o m p  te c h n iq u e  
p ro v id es  a  s im p le  but e ffe c tive  IM R T  w ith o u t th e  co m p lic a tio n s  o f s p ec ia l p lan n in g  s o ftw a re  o r p e r-p a tie n t m e a s u re m e n ts .
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A  D o s im etric  C o m p a ris o n  o f  F o u r E x te rn a l B e a m  T e c h n iq u e s  fo r A c c e le ra te d  P artia l B re a s t Irrad ia tion : S e t -u p  o f S tu d y  an d  P re lim in ary  R e s u lts , M ik e  O liv e r ,  J e ff C h e n ,
E u g e n e  W o n g , T o m a s  K ron , J a k e V a n D y k  a n d  F ra n c is co  P e re ra , D e p a rtm e n t o f  M e d ic a l B iophys ics , U n ive rs ity  o f  W estern  O nta rio  a n d  D e p a rtm e n t o f  P h ys ics  a n d  E ng ine e ring ,  
Lon d o n  R e g io n a l C a n c e r C e n te r  —  C o n v e n tio n a l e a r ly  b re as t c a n c e r  tre a tm e n t consis ts  o f a  lu m p ec to m y  fo llo w ed  by w h o le  b re as t rad ia tion  th e ra p y  (W B R T ) . A c c e le ra te d  partial 
b re as t irrad ia tion  (A P B I) is a  m e th o d  to  re d u c e  th e  irrad ia tion  v o lu m e  to  th e  lu m p ec to m y  s ite  only. A P B I m a y  d e liv e r  m o re  un ifo rm  d o s e  to  th e  ta rg e t, w h ile  sp arin g  h e a lth y  tis su e s  
b e tte r  th a n  W B R T . In add itio n , A P B I re d u c e s  th e  ov era ll tre a tm e n t tim e  fro m  5 -6  w e e k s  to  1 w e e k . A t re a tm e n t  p lan n in g  s tudy w a s  u n d e rta ke n  to  c o m p a re  fo u r e x te rn a l b e a m  
te c h n iq u e s  fo r  A P B I: s m a ll-fie ld  ta n g e n ts , c o n fo rm a l ra d io th e ra p y  (2  a n d  4 -fie ld ) , in te n s ity -m o d u la te d  rad ia tion  th e ra p y  (2  an d  4 -fie ld ) a n d  he lica l to m o th era p y . C ritic a l s tru c tu res  
(h e a rt, c o n tra -la te ra l b re as t, u n invo lved  b re as t, lungs an d  sk in ) w e re  c o n to u re d  on th e  C T  s im u la to r. T h e  g ro s s  tu m o u r v o lu m e  (G T V )  w a s  d e fin ed  a s  th e  union o f s e ro m a  v o lu m e  
a n d  th e  v o lu m e  b o und ing  th e  s u rg ica l c lips. C lin ica l ta rg e t v o lu m e  (C T V )  w a s  d e fin e d  w ith  a  1 .5  c m  m arg in  a ro u n d  G T V , c o n stra in e d  to  w ith in  5  m m  to  th e  skin  s u rfa ce . A  fu rth er  
1 cm  un ifo rm  e xp a n s io n  w a s  u sed  to  c re a te  th e  p lan n in g  ta rg e t v o lu m e  (P T V ).  T re a tm e n t p lan s  w e re  g e n e ra te d  using c o n ve n tio n a l an d  to m o th e ra p y  p lan n in g  s y s te m s  w ith  p lan s  
n o rm a liz e d  to  D 95= 37.2 G y  to  th e  P T V . T h e  ratio  o f  C T V  to  w h o le  b re as t v o lu m e  w a s  d e te rm in e d  fo r 1 3  c a s e s  a n d  v a r ie d  g re a tly  fro m  c a s e  to  c a s e  w ith  an  a v e ra g e  o f 3 0 .1  ±
1 3 .4  %  (m in: 1 2 .7 % , m ax: 6 0 .1 % ).  In itial d o s e  v o lu m e  h is to g ram  a n a ly s is  s h o w e d  th a t th e  fo u r A P B I te c h n iq u e s  p ro d u c e  s u p erio r d o s e  d is trib u tions  c o m p a re d  to  W B R T . R e su lts  
fo r  th e  s u p erio r A P B I te c h n iq u e  w ill be  p re s e n te d .
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D is trib u te d  M o n te  C a rlo  C a lc u la tio n s  in a  M u lti-P la tfo rm  E n v iro n m e n t, P a t r ic e  M u n g e r ,  H ô p ita l M a iso n n e u ve -R o se m o n t  —  C lin ica lly  rea lis tic , M o n te  C a rlo  c a lc u la tio n s  w ith  
B E A M n rc  a n d  D O S X Y Z n rc  m a y  re q u ire  la rg e  a m o u n ts  o f c o m p u tin g  po w er. In a  ty p ica l c o n figura tion , s e v e ra l c o m p u te rs  a re  u sed  in p a ra lle l. In o u r d e p a rtm e n t, on ly  o n e  L inux  
w o rks ta tio n  is c o m p le te ly  d e d ic a te d  to  M o n te  C a rlo  c a lc u la tio n s . T h e  m ajority  o f th e  o th e r c o m p u te rs  in th e  d e p a rtm e n t run v a r io u s  fla v o u rs  o f W in d o w s  o p e ra tin g  s y s te m s . W e  
a ls o  h a v e  a  fe w  IR IX  an d  H P -U X  w o rks ta tio n s . In an  a tte m p t to  m a k e  m a x im u m  u s e  o f  th is  h e te ro g e n e o u s  c o m p u te r  park, w e  h a v e  c re a te d  a  d istrib u ted  jo b  subm is s io n  s ys te m  
w h ich  a llo w s  a n y  o f th e  c o m p u te rs  p re s e n t in o u r d e p a rtm e n t, re g a rd le s s  if th e  O S  it runs, to  a c t a s  a  M o n te  C a rlo  c o m p u ta tio n  e n g in e . A ll c o m p o n e n ts  o f  o u r s y s te m  w e re  w ritten  
in P y th o n , a  h ig h -le ve l, o b je c t-o r ie n te d , m u lti-p u rp o s e  la n g u a g e . In add ition  to  a llow ing  c o m p a c t p ro g ra m s  to  be  w ritte n , its m u lti-p la tfo rm  c h a ra c te r  is an  o b v io u s  a d v a n ta g e  in an  
h e te ro g e n e o u s  e n v iro n m e n t like  ours . T h e  s y s te m  w a s  d e s ig n e d  to  satis fy  s o m e  im p o rtan t re q u ire m e n ts . F irst, d u e  to  th e  low  priority a ss ig n ed  to  M o n te  C a r lo  p ro c e s s e s  running  
on  th e  c o m p u ta tio n  e n g in e s , th e s e  p ro c e s s e s  do  not d isturb  u s ers  th a t m a y  be  using  th e s e  c o m p u te rs  locally. A ls o , lim its  on th e  n u m b e r o f M o n te  C a rlo  p ro c e s s e s  s im u lta n e o u s ly  
runn ing , an d  on th e  m a x im u m  m e m o ry  th a t th e y  c an  c o n s u m e , c an  b e  a d ju s te d  fo r e v e ry  c o m p u ta tio n  e n g in e , p re ve n tin g  M o n te  C a rlo  p ro c e s s e s  to  u s e  all th e  re s o u rc e s  o f  a  
g ive n  c o m p u te r. O u r  s y s te m  h a s  b e en  p ro ven  to  be  e ffic ien t a t em p lo y in g  th e  ex is ting  c o m p u te r  re s o u rc e s  o f o u r d e p a rtm e n t th a t o th e rw ise  w o u ld  not be  fu lly  e x p lo ite d .
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W e b -b a s e d  E le c tro n ic  P h ys ics  D a ta b a s e  in th e  G ra n d  R iv e r  R e g io n a l C a n c e r  C e n te r , R o b  B . B a r n e t t ,  J a m e s  C .L . C h o w , D a v id  S h e n to n  a n d  S te v e  K e n n e d y , M e d ic a l P h ys ics  
D e partm en t, G ra n d  R iv e r  R e g io n a l C a n c e r C e n te r  —  A n  “In -h o u s e ” w e b -b a s e d  P h ys ics  d a ta b a s e  w a s  d e v e lo p e d  a n d  im p le m e n te d  in th e  M e d ic a l P h ys ics  D e p a rtm e n t o f  th e  
G ra n d  R iv e r  R e g io n a l C a n c e r  C e n te r  (G R R C C ).  T h e  d a ta b a s e  h a s  a  w in d o w  fro n t-e n d  a nd  w e b  app lic a tio n  d o m a in  d e v e lo p e d  by V B .N E T  a nd  A S P .N E T  re sp e ctive ly . T h e  d a ta ­
b a s e  a rc h ite c tu re  is d e s ig n e d  to  be  e as ily  m a in ta in a b le  a nd  e x te n s ib le . It a ls o  p ro v id es  a n  a rb itrary  file /d a ta  fo rm a t, report g e n e ra tio n  an d  g ra p h ica l a n a ly s is  to o ls  fo r a n a ly z in g  
th e  Q A  d a ta . T h e  d a ta b a s e  c o n ta in s  both “sta tic ” a n d  “d y n a m ic ” reco rd s . T h e  “sta tic” re co rd s  inc lude  th e  tre a tm e n t unit c o m m is s io n in g  d a ta , a  p hysics  h a n d b o o k , th e  rad ia tion  
s u rve y /p ro tec tio n  d a ta , p hysics  e q u ip m e n t invento ry , e le c tro n ic  in s tru m en t m a n u a ls  a n d  m a n u fa c tu re rs ’ c o n ta c t in fo rm atio n . F o r th e  “d y n a m ic ” re co rd s  (d a ta  v ary in g  o v e r  tim e )  
s uch  a s  th e  linac  m a in te n a n c e /re p a ir  h istory, a nd  rou tine  Q A  te s t d a ta , th e  u s e r c an  s u b m it th e  in fo rm ation  on a  c o m p u te r  (d e s k to p  o r lap to p  w ith  w ire le s s  In te rn e t) th ro u g h  a  w e b  
in te rfa c e  linked  to  th e  C a n c e r  C e n te r  n e tw o rk . F o r e x a m p le , fo r  rou tine  m a c h in e  Q A , th e  te s tin g  u s e r can  input m e a s u re d  resu lts  th roug h  th e  w e b . P hys ic is t c an  a c c e s s , in ves ti­
g a te  an d  a p p ro v e  th e  resu lts  o n c e  d a ta  h a s  b e e n  e n te re d  e lec tron ica lly . C o m p a ris o n  c an  e as ily  be  m a d e  b e tw e e n  c u rren t a n d  p re v io u s  d a ta , w h ich  c an  be  g ra p h ica lly  a n a ly z e d  
a n d  p rin ted . P hys ic is t a p p ro v a l is pa ss w o rd  c on tro lled  a n d  c an  be  a s s ig n e d  to  s p ec ific  ta s k s . S u ch  a  w e b -b a s e d  d a ta b a s e  is n e e d e d  fo r a  “p a p e rle s s  c e n te r” w h ich  w a s  a  princi­
pal o b je c tiv e  fo r G R R C C .
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C h a ra c te r iz a t io n  o f th e  E n e rg y  S p e c tra  o f a  C o b a lt-6 0  T o m o th era p y  B e a m , J o h n s o n  D a r k o , C .P . Josh i , L .J . S c h re in e r  an d  A .T . K err, K in g s to n  R e g io n a l C a n c e r C e n tre  a n d  
Q u e e n ’s  U n iv e rs ity  —  T o m o th e ra p y  is a  te c h n iq u e  fo r de liv erin g  In tensity  M o d u la te d  R a d ia tio n  T h e ra p y  b a se d  on a  ro ta ting  fa n -b e a m  g e o m e try , a n a lo g o u s  to  a  C T -lik e  de livery . 
T h e  g e o m e try  is idea lly  su ited  fo r  C T  im a g e  acqu is ition  fo r p a tien t position v erific a tio n . W e  h a v e  b e en  inves tigating  th e  feas ib ility  o f using  a  C o -6 0  s o u rc e  fo r C T  im ag in g  (C o -  
6 0 C T )  in th e  c o n te x t o f  to m o th era p y . W e  h a v e  o b s erv e d  th a t C o -6 0 C T  im a g e s  lack  b e a m -h a rd e n in g  c h a ra c te ris tic s  a n d  th u s  o ffe r a  po te n tia l a d v a n ta g e  in d o s e  reconstruc tion  
a n a ly s is . A s  part o f o u r e ffo rt to  m o re  care fu lly  q u a n tify  th is  b e h av io r, an d  to  d e s ig n  a n  op tim a l d e te c to r  fo r C o -6 0 C T  im ag in g , th e  g o a l o f th is  w o rk  is to  m ode l th e  f lu e n c e  s p e c tra  
fo r  o u r C o -6 0 C T  b e n ch to p  p e n c il-b e a m  (1 x 1 c m 2)  a n d  fa n -b e a m  (1 x 3 0 c m 2) .  T h e  B E A M n rc  M o n te  C a r lo  c o d e  w a s  u sed  to  m o d e l a  rea lis tic  C o -6 0  s o u rce  a n d  a s s o c ia te d  c o llim a ­
tion  a n d  p a tien t g e o m e tr ie s . T h e  flu e n c e  s p e c tra  w e re  s co re d  a t th e  im ag ing  d e te c to r  p la n e  w ith  an d  w ith o u t a  typ ica l p a tien t in th e  b e a m . In -a ir  s im u la tio n s  (n o  p a tien t in th e  
b e a m ) y ie ld e d  s p e c tra  w ith  fa irly  e v e n ly  d is trib u ted  low  e n e rg y  c o m p o n e n ts , fo rm in g  3 0  %  o f  th e  to ta l flu e n c e . T h e  pencil b e a m  c o llim a to r ha d  no s ig n ifican t e ffe ct on  th e  in -a ir  
s p e c tru m  c o m p a re d  to  a  broad  b e a m . W h e n  th e  b e a m  p a s s e s  th ro u g h  a  ty p ica l p a tien t th e  to ta l lo w  e n e rg y  c o m p o n e n t o f flu e n c e  c h a n g e s , a s  d o e s  th e  re la tiv e  con tribu tion  o f 
sca tte r, d e p e n d in g  on  th e  s h a p e  a nd  s iz e  o f th e  b e a m . D e ta ils  o f th e s e  s im u la tio n s  w ill be  p re s e n te d . T h e  resu lts  o b ta in e d  fro m  th is  w o rk  fo rm  a  s trong b as is  fo r fu tu re  w o rk  
d e s ig n in g  an  o p tim a l d e te c to r  fo r C o -6 0 C T  im ag ing .
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G a n try  A n g le  O p tim iza tio n  fo r C o n v e n tio n a l R a d io th e ra p y * . P e te r  P o tr e b k o  an d  B . M c C u rd y , C a n ce rC a re  M a n ito b a /T h e  U n iv e rs ity  o f  M a n ito b a  —  In c o n v e n tio n a l ra d io th era p y , 
th e  inciden t b e a m  o rien ta tio n s  a re  o ften  d e te rm in e d  using a  m a n u a l tria l an d  e rro r  s e a rc h  a n d  m ay  not b e  tru ly  o p tim a l. A  fa s t, 3 D -g e o m e tr ic -b a s e d  o p tim iza tio n  a lg o rith m  fo r  
g a n try  a n g le  se le ctio n  is p ro p o s ed . T h e  a lg o rith m  is in te rfa ce d  w ith  th e  P in n a c le3 tre a tm e n t p lan n in g  s y s te m  to  e xtra c t p a tien t c o n to u r d a ta . T h e  v o x e ls  c o n ta in ed  in a  particu la r  
p a tien t s tru c tu re  a re  u n ique ly  iden tified  w ith  a  ta g g in g  index  a llow ing  th e  d e te rm in a tio n  o f w h ich  s truc tu re  e a c h  v o x e l is a ttr ib u te d  to . T h e  rad ia tio n  porta l is d e fin e d  by th e  B e a m s -  
E y e -V ie w  p e rs p e c tiv e  o f th e  p lan n in g  ta rg e t v o lu m e  (P T V ).  E ac h  b e a m  porta l is d iv ided  into a  grid o f b e a m le ts . A  s co re  func tion  is u sed  to  m e a s u re  th e  ‘g o o d n e s s ’ o f e ac h  
b e a m le t a t a  g ive n  g an try  a n g le . T h e  ov era ll s co re  o f th e  b e a m  a n g le  is g iven  by a  s u m  o f th e  s co re s  o f a ll b e a m le ts . T h e  s co re  func tion  c o n ta in s  g e o m e tr ic  fa c to rs  th a t a re  ta k e n  
into a c c o u n t in rad ia tio n  th e ra p y  tre a tm e n t p lan n in g . S u ch  fa c to rs  include: m a x im iz in g  irrad ia tion  o f th e  P T V , m in im iz ing  irrad ia tion  o f th e  O rg a n s -A t-R is k  (O A R S ), th e  d e p th  o f th e  
O A R S  w ith  re sp e c t to  th e  P T V  (av o id in g  irrad ia tion  o f O A R S  u p s tre am  o f th e  P T V ) ,  m in im iz ing  irrad ia tion  o f  o th e r n o rm a l tis su e  both u p s tre a m  a n d  d o w n s tre a m  o f th e  P T V , th e  
in c id e n c e  a n g le  o f th e  b e a m  (p e rp e n d ic u la r  in c id e n c e  is fa v o u ra b le  b e c a u s e  it c re a te s  less  skin re ac tio n ), a n d  th e  s ep a ra tio n  a n g le  o f th e  b e a m s . O n c e  th e  a lg o rith m  p o p u la te s  
th e  so lu tion  s p a c e , th e  o p tim a l o rien ta tio n s  a re  input into th e  P in n a c le3 tre a tm e n t p lan n in g  s y s te m . O p tim a l so lu tions  a re  p re s e n te d  fo r p h a n to m  an d  p a tien t e x a m p le s .

* This work is being supported by NSERC 

M O -P O S -1 3 9

M e a s u re m e n t o f B e a m -S p o t S iz e  fo r S ie m e n s  L in e a r  A c c e le ra to rs , C o l l in s  Y e b o a h , P. O ’B rien  an d  G . P a n g , T o ro n to -S unn yb ro ok  R e g io n a l C a n c e r C e n tre  —  T h e  g o a l o f  in ten si­
ty -m o d u la te d  ra d io th era p y  is to  m in im ize  th e  v o lu m e  o f  norm al tis s u e s  irrad ia te d  to  h igh d o s e s  so th a t th e  tu m o u r d o s e  m a y  be  e s c a la te d  w ith o u t in cre a s in g  n o rm a l tis su e  c o m p li­
c a tio n s . T h is  n e c e s s ita te s  p re c is e  lo ca liza tio n  o f tu m o u r an d  a d ja c e n t s e n s itive  s tru c tu res  ju s t prior to  d e liv e ry  o f e a c h  tre a tm e n t fractio n . To a cc o m p lis h  th is , m e g a v o lta g e  c o n e -  
b e a m  C T  (M V -C B C T )  h a s  b e e n  p ro p o s ed  fo r  re p e a te d ly  im ag in g  a n d  gu id ing  p a tien t position ing  th ro u g h o u t th e  e n tire  c o u rse  o f  tre a tm e n t. F o r th is  to  be  c lin ically  fe a s ib le  low  
d o s e s  (< 5 %  o f tre a tm e n t d o s e ) m ust be  u sed  fo r e a c h  im ag in g  s es s io n . C o n s e q u e n tly , stab ility  o f th e  b e a m -s p o t s iz e  an d  position  during  th e  first fe w  s e c o n d s  a fte r  b e a m  s ta rt-u p  
b e c o m e s  c ruc ia l. T h e re fo re , m e a s u re m e n t o f b e a m -s p o t s iz e  an d  m otion , a s s e s s m e n t o f  th e ir  e ffe c ts  on lo w -d o s e  M V -C B C T , a n d  m e th o d s  fo r m in im iz in g  th e m  a re  o f in te res t. In 
th is  w o rk , m e a s u re m e n ts  o f th e  b e a m -s p o t s iz e  in th e  tw o  p rincipa l p la n e s  w e re  p e rfo rm ed  on a  n u m b e r o f  S ie m e n s  linacs  using  2 0 -c m  long lam in a te d  b e a m -s p o t c a m e ra  an d  
verific atio n  film s. T h e  m e a s u re d  b e a m -s p o t d ia m e te rs  (F W H M ) ra n g e  fro m  2 .0 -3 .4  m m . In  all c a s e s , th e  in -p la n e  spo t s iz e  w a s  e q u a l to  o r  la rg e r  th a n  th e  c o rres p o n d in g  c ro ss ­
p lan e  spo t s ize . F o r m a c h in e s  o f th e  s a m e  d e s ig n , th e  spo t s iz e s  w e re , in g e n e ra l, not id en tica l but d iffe re n c e s  o f up to  0 .7  m m  w e re  o b s e rv e d . C o m p a ris o n  o f m e a s u re m e n ts  on  
th e  old a nd  n e w e r  m o d e ls  o f  th e  linacs  s h o w ed  th a t th e  spo t s iz e s  fo r  th e  la tte r a re  not n e c e s sa rily  s h arp e r. F o r a  g iven  d u a l-e n e rg y  linac , th e  spo t s iz e s  fo r  th e  tw o  e n e rg ie s  
w e re  fo u n d  to  be  s im ilar.
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A n  In tu itive  A lg o rith m  fo r C o n v e rtin g  E lec tron  B e a m  Io n izatio n  M e a s u re m e n ts  to  A b s o rb e d  D o s e *, M y ro n  R o g e r s  an d  L .J . S c h re in e r , K in g s to n  R e g io n a l C a n c e r C e n tre  —  In 
m e d ic a l physics, e le c tro n  dos im e try  w ith  ion izatio n  c h a m b e rs  te n d s  to  b e  c o m p lic a ted  s in c e  th e  e n e rg y  s p ec tru m  c h a n g e s  so rap id ly  a s  e le c tro n s  tra v e l th roug h  a  m e d iu m . O f  
p a rticu la r co n ce rn  in d o s im e try  is th e  d e p th  d e p e n d e n c e  o f th e  m e a n  restric ted  s topp ing  p o w e r ra tios  (S P R )  b e tw e e n  a ir  a n d  w a te r  (L /p )Wr th a t resu lts  fro m  th is  e n e rg y  loss.
E arly  pro toco ls  fo r e le c tro n  do s im e try  a tte m p te d  to  a c c o u n t fo r th is  by corre la tin g  th e  S P R  w ith  b e a m  e n e rg y  fo r d e p th s  in w a te r , a lth o u g h  th e  a v e ra g e  b e a m  e n e rg ie s  w e re  e ith e r  
c ru d e ly  e s tim a te d  using th e  H a rd e r  e q u a tio n , o r lost w ith in  lo o k -u p  ta b le s . F u rth e rm o re , th e  a p p ro x im a tio n s  p rov id ed  by th e s e  a p p ro a c h e s  w e re n ’t su ffic iently  a c c u ra te , th e re fo re , 
c u rren t d o s im e try  p ro toco ls  (th e  A A P M  T G -5 1  a nd  th e  IA E A  T R S -3 9 8 )  n o w  u s e  a  un iv ers a l fit to  M o n te  C a rlo  d a ta  to  d e te rm in e  th e  S P R . In  th is  w o rk , w e  revis it th e  e n e rg y  
d e p e n d e n c e  o f an  e le c tro n  b e a m  in w a te r  using h istorica l w o rk  an d  c u rren t m o d e llin g  w ith in  th e  B E A M /e g s n rc  M o n te  C a rlo  p ro g ra m . W e  d e te rm in e  th e  full e n e rg y  s p e c tra  a t 
d e p th  fo r  v a r io u s  m o n o e n e rg e tic  b e a m s  fro m  4  M e V  to  4 0  M e V  im p ing ing  on a  w a te r  p h a n to m . W e  s h o w  th a t th e  c o m p lic a tio n s  in s o m e  o f th e  e a r lie r  a p p ro a c h e s  a r is e  fro m  th e  
d iffe re n c e s  in th e  s p e c tra  fo r b e a m s  th a t h a v e  s im ila r a v e ra g e  e n e rg ie s . H o w e v e r, w ith  a  sm all co rrec tion  d e te rm in e d  fro m  th e  initial b e a m  e n erg y , o n e  c an  a p p ro x im a te  th e  S P R  
a t a n y  d ep th  fro m  th e  a v e ra g e  e le c tro n  b e a m  e n e rg y  a t th a t d e p th .

* This work is being supported by ORDCF (OCITS).
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U n s e ttlin g  B e h a v io u r: P re -irra d ia tio n  E ffe c ts  an d  L o n g -te rm  S tab ility  o f Io n iza tio n  C h a m b e rs , J o h n  M c C a f f r e y 1, M . M c E w e n  1, D . N iv e n  2, B . D o w n to n  1 a n d  H . S h e n  1, 1 N a tio n a l 
R e se a rch  C o u n c il (N R C )  an d  2 C a r le to n  U n ivers ity  —  D o s im etry  p ro toco ls  re c o m m e n d  th a t ion izatio n  c h a m b e rs  be  p re -irra d ia te d  until a  s ta b le  re ad in g  is o b ta in e d . P rev io u s  
s tu d ies  h a v e  sh o w n  th a t a  lack  o f  a n y  p re -irrad ia tio n  cou ld  resu lt in e rro rs  up to  s e v e ra l p e rce n t. R e ce n tly , d a ta  c o lle c ted  fo r  a  larg e  n u m b e r o f c o m m o n ly  u sed  ion c h a m b e rs  at 
th e  Institu te  fo r N a tio n a l M e a s u re m e n t S ta n d a rd s , N R C , C a n a d a  a n d  th e  N a tio n a l P h ys ica l Lab o rato ry , U K , h a v e  b e en  co lla te d  an d  a n a ly s e d . W ith  such  a  d a ta  set it is n o w  po s ­
s ib le  to  re la te  p a tte rn s  o f ion c h a m b e r  b e h a v io u r to  d e s ig n  p a ra m e te rs . W h ile  s e v e ra l m e c h a n is m s  s e e m  to  con trib u te , th e  m ost o b v io u s  corre la tio n  re la te s  th e  e x te n t o f co lle cto r  
e le c tro d e  s h ie ld ing  to  settling  tim e . Ion c h a m b e rs  w ith  g u a rd e d  e le c tro d e s  up to  th e  a c tiv e  a ir  v o lu m e  s e ttle  qu ickly  (~6 m in u te s ) a n d  th e  c h a n g e  in re sp o n s e  is les s  (u p  to  0.2% ). 
F o r ion c h a m b e rs  w h e re  th e  gu a rd  c o n n ec tio n  a ro u n d  th e  c en tra l co lle c to r e le c tro d e  d o e s  not e x te n d  up to  th e  a c tiv e  a ir  v o lu m e , settling  tim e s  o f 2 0  m in u te s  (w ith  an  a ss o c ia te d  
c h a n g e  in re sp o n s e  o f  up to  1 % ) a re  ty p ica l. T h is  settling  tim e  is not d e p e n d e n t on b e a m  quality. T h is  settling  d a ta  w a s  c o m b in ed  w ith  a  s tudy o f lo n g -te rm  stab ility  an d  it w a s  
fo u n d  th a t th e re  w a s  no corre la tio n  b e tw e e n  settling  b e h a v io u r an d  s tab ility  o f re s p o n s e , a n d  a  c h a n g e  in settling  b e h a v io u r w a s  no p re d ic to r o f  c h a m b e r  fa ilu re . T h e  a ir -k e rm a  to  
a b s o rb e d  d o s e  ra tio , C k , is sh o w n  to  be  a  v e ry  s e n s itiv e  p a ra m e te r  fo r m on ito ring  ion c h a m b e r  re sp o n s e .
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F ra c ta l Q u an tifica tio n  o f th e  A rc h ite c tu ra l C o m p le x ity  o f  C o m p u te r  S im u la te d  V a s c u la tu re , B r ia n  L im  1 an d  Iva n  Y e u n g  12, 1 D e p a rtm e n t o f  R a d ia tio n  P h ys ics , P rin ce ss  M a rg a re t  
H o s p ita l a n d  2 D e p a rtm e n t o f R a d ia tio n  O n co lo g y , U n iv ers ity  o f Toronto  —  It is w e ll know n  th a t tu m o u r v a s c u la r  a rch ite c tu re  d iffe rs  g re a tly  fro m  th a t o f n o rm a l t is su e , te n d in g  to  
b e  qu ite  to rtu o u s  w ith  s e e m in g ly  irreg u la r sp atia l d istrib ution . W h ile  th e  m e a s u re m e n t o f m ic ro v a s c u la r d e n s ity  (M V D ) h a s  b e en  w id e ly  a p p lie d  to  m a n y  k ind s  o f tu m o u rs , an d  is 
g e n e ra lly  a c c e p te d  a s  having  p rognostic  v a lu e  fo r lo n g -te rm  surv iva l, it h a s  b e e n  recen tly  s u g g e s te d  th a t th e  fra c ta l d im en s io n  (F D ) is m o re  usefu l fo r  quan tify in g  th e  c o m p le x ity  o f  
tu m o r an d  n o rm a l v a s c u la r  a rch ite c tu re . In c o n tra s t to  M V D , w h ich  m a y  on ly  be  a  rough in d ica to r o f th e  co m p le x ity  o f v a s c u la r  a rc h ite c tu re  in a  2 D  c ro ss -s ec tio n a l s lice , th e  F D  is 
a  m e a s u re  o f th e  v a s c u la r  n e tw o rk ’s  to p o lo g y  w h e n  c a lc u la te d  on a  3 D  v o lu m e . H o w e v e r, th e  F D  is usually  m e a s u re d  on 2 D  s e c tio n e d  s lices . T h e  corre la tio n  b e tw e e n  th e  F D  o f 
2 D  s lices  a n d  th e  3 D  v a s c u la r  s tru c tu re  re m a in s  u nc lear, a lth o u g h  it is h y p o th e s ize d  th a t h ig h e r 3 D  c o m p le x ity  should  b e  re flec te d  in th e  s lice  F D . T h e  p u rp o s e  o f th is  c o m p u te r  
sim u la tio n  s tudy w a s  to  in ve s tig a te  th is  hyp o th e sis . T h re e -d im e n s io n a l n e tw o rks  re p res en tin g  tu m o r a n d  n orm al v a s c u la tu re  w e re  s im u la te d , an d  th e  a rch ite c tu ra l c o m p le x ity  o f  
th e  resu lting  n e tw o rks  w a s  th e n  a n a ly z e d  by c a lc u la tin g  th e  F D . T h e  F D  w a s  c a lc u la te d  fo r th e  3 D  v o lu m e s  an d  fo r  o rth o g o n a l a n d  o b liq u e  s lic es . T h e  resu lts  s h o w ed  th a t s im u ­
la ted  tu m o u r  n e tw o rks  d isp la y ed  consis te n tly  h ig h e r s lice  a n d  v o lu m e  F D s  th a n  fo r n o rm a l v a s c u la tu re , d e m o n s tra tin g  th e  ro b u s tn e ss  o f th e  F D  a s  a  m e a s u re  o f v a s c u la r  a rc h ite c ­
tu re  com plex ity . T h e  F D  p ro m ise s  to  be  u sefu l fo r v a lid a tin g  fu n c tio n a l im ag in g  te c h n iq u e s  be in g  d e v e lo p e d  fo r v a s c u la r  c h a ra c te r iz a tio n .
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E stim a tio n  o f  X -R a y  D u a l-B a s is -M a te r ia l T h ic k n e s s e s  fro m  M u ltip le  E n e rg y -B in  M e a s u re m e n ts , Y a n g  C a i1 a n d  P a u l C . J o h n s 12, 1 D ept. o f  P h ys ics , C a rle to n  U n ive rs ity  and  
2 D e p t. o f R a d io lo g y , U n ivers ity  o f O tta w a  —  D e te c to rs  n o w  u n d e r d e v e lo p m e n t, c a p a b le  o f coun ting  x ray  ph o to n s  a n d  scoring  th e  e n e rg y  d e te c te d  a t c lin ical flu e n c e  ra tes , will
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fa c ilita te  s in g le -e x p o s u re  d u a l-e n e rg y  rad io g ra p h y  a n d  C T . T h e  n a tu ra l lo g a rith m  o f th e  p a tien t tra n s m is s io n  a t e n e rg y  E  is g ive n  q u ite  a c c u ra te ly  by T (E )  =  Ά αμ α(Ε ) +  Α βΡβ(Ε), 
w h e re  A a  a n d  Aβ a re  th e  th ic k n e s s e s  o f  th e  e q u iv a le n t bas is  m a te r ia ls  a  , b (e .g .,  poly  m e th y l m e th a c ry la te , a lu m in u m ), a n d  μ α , μβ a re  th e ir  lin ea r a tte n u a tio n  co effic ien ts . T h e  
crux o f  d u a l-e n e rg y  rad io g ra p h y  is to  d e te rm in e  A a  , Aβ fo r e a c h  p ixe l. C la ss ica lly , m e a s u re m e n ts  a re  m a d e  w ith  tw o  s p e c tra  an d  an  e m p iric a l n o n lin e a r tra n s fo rm atio n  is m a d e  
fro m  th e  tw o  log tra n s m is s io n s  T  , T 2 to  A a , Ab . S u p p o s e  an  e n e rg y -s c o rin g  d e te c to r  m e a s u re s  a  s in g le  s p e c tru m  a n d  b ins  th e  e v e n ts  into e n e rg y  in te rva ls  i= 1 ,2 ,...,n .  L og2n is 
th e  n u m b e r o f bits to  w h ich  th e  d e te c to r  m ust d ig itize  th e  e n e rg ie s  in re a l tim e . A t th e  bin c en tres , T ; =  A α μα(E i) +  A β μβ (E / ) ,  i= 1 ,2 ...,n .  A lg e b ra ic a lly , w rite  T = U A , w h e re  T  is a  v e c ­
to r  o f  leng th  n , A  is a  v e c to r  o f leng th  2  con ta in in g  A a , Aβ , an d  U  is an  n  x  2  m a trix . In th e  lim it o f in fin ites im a l bin w id th s , th e  b a s is  th ic k n e s s e s  a re  A = (U t U )-1U t T . In rea lity  th e  
bins  a re  o f fin ite  w id th  a n d  th e  tra n s m is s io n  e x p [-(A α μ α (E )+ A β μβ (E ))], w e ig h te d  by th e  inciden t s p e c tru m , m ust b e  in te g ra ted  o v e r  th e  bin. W e  use  Ta y lo r e x p a n s io n s  o f th e  tra n s ­
m iss io n s  a b o u t th e ir  v a lu e s  a t th e  bin c e n tre s  E t . T h e  lin e a r  te rm s  in th e  e x p a n s io n  a re  su ffic ien t fo r  a c c u ra te  d e te rm in a tio n  o f th e  b a s is  m a te r ia l th ic k n e s s e s . F o r an  im ag ing  
ta s k  in w h ich  th e  p a tien t is 18  c m  soft tis su e  p lus  2  c m  b o n e  an d  th e  fina l im a g e  is to  h a v e  b o n e -tis s u e  co n tra st s u p p re s s e d , by sorting th e  tra n s m is s io n  o f  a  1 4 0  k V  s p e c tru m  into  
8 b ins  o n e  c an  ob ta in  a c c u ra c y  o f 2 .3  %  in th e  p ixel v a lu e . If 16  b ins  a re  u s ed , 0 .5 0  %  is a c h ie v e d .
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P ro je c tio n  Im ag in g  o f P la s tic  M a te r ia ls  using C o h e re n tly -S c a tte re d  X  R a v s . M o h a m m a d  N i s a r 1 a nd  P au l C . J o h n s 1 2 , 1 D ept. o f  P hys ics , C a ríe ton U n iv e rs ity  a n d  2D e p t. o f 
R a d io lo g y , U n ivers ity  o f O tta w a  - T h e  c o n ve n tio n a l x -ra y  im ag in g  te c h n iq u e  b a se d  on th e  tra n s m is s io n  o f p rim ary  ph o to n s  w o rks  w e ll to  d istingu ish  b e tw e e n  hard  a n d  soft tis ­
s u e s . To d istingu ish  b e tw e e n  d iffe re n t k inds o f soft tis s u e s  th e  s c a tte r  x -ra y  im ag in g  te c h n iq u e  c an  be  u s ed . L o w -a n g le  s c a tte re d  pho to n s  c an  on ly  be  d is tin g u ish e d  fro m  prim ary  
on  th e  b a s is  o f d irec tion  an d  c o n s e q u e n tly  a  w e ll-c o llim a te d  x -ra y  s y s te m  is re q u ire d . A  h e x a g o n a l a rra y  o f s e v e n  p in h o le s , e a c h  w ith  a  d ia m e te r  o f  1 .5  m m , h a s  b e en  d e s ig n e d  
a n d  te s te d  to  record  th e  d iffraction  p a tte rn s  o f h o m o g e n e o u s  p las tic  p h a n to m s  an d  o f  p h a n to m s  c o m p ris e d  o f s la b s  o f  d iffe ren t p las tics  in a  w a te r  ta n k . T h e  p h a n to m  m a te ria ls  
a re  a m o rp h o u s  so lids  an d  resu lt in ro ta tio n a lly -s ym m e tric  d iffraction  p a tte rn s  w h ich  a re  c h a ra c te ris tic  o f th e  m a te ria ls . T h e  in ten sities  o f  th e  d iffraction  p a tte rn s  a re  num e ric a lly  
in te g ra ted  o v e r  c o n ce n tric  rings  an d  th e  s c a tte r  im a g e s  a re  m a d e  by ass ig n in g  th e  ring s u m s  a s  th e  p ixel v a lu e s . A  fin ite  s iz e  (5  x  5  x  5  c m 3)  w a te r  ta n k  c o n ta in ing  p las tics  is 
s c a n n e d  to  m a k e  th e  s c a tte r  im a g e s . F o r th e s e  m e a s u re m e n ts  th e  tu b e  is o p e ra te d  a t 1 0 0  k V  a n d  8 0 0  m A s . A  s to ra g e  p h o s p h o r im a g e  p la te  is u sed  to  record  th e  s c a tte r  p a t­
te rn s . T h e  u ltim ate  goa l is to  m a k e  s c a tte r  im a g e s  o f d iffe re n t k inds o f tis s u e s  fo r b e tte r d iag n o stic  in fo rm ation .
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E n e rg y -D is p e rs iv e T e c h n iq u e  to  M e a s u re  X -R a y  S c a tte rin g  F o rm  F a c to rs  o v e r  a  W id e  M o m e n tu m  T ra n s fe r  R a n g e , Z ia u l H a s a n  1 an d  P a u l C . J o h n s 1 2 , 1 D ept. o f  P hysics,
C aríe ton U n ive rs ity  a n d  2 D e p t. o f R a d io lo g y , U n ivers ity  o f O tta w a  —  In s o m e  p a rticu la r d iag n o stic  x ray  e x a m s  such a s  n e u ro rad io lo g y  an d  b re as t im ag in g , s ca tte re d  rad ia tion  
c an  g iv e  m o re  in fo rm ation  th a n  c o n ve n tio n a l tra n s m is s io n  im ag in g . To o p tim iz e  a  s c a tte r  im ag ing  s ys te m , it is re q u ire d  to  k n o w  th e  c o h e re n t sca tte rin g  fo rm  fa c to rs  o f b io log ica l 
m a te ria ls . A n  e n e rg y -d is p e rs iv e  fo rm  fa c to r  m e a s u re m e n t te c h n iq u e  h a s  b e e n  d e v e lo p e d . It u s es  a  g e o m e try  th a t con sis ts  o f  an  x -ra y  tu b e , ta rg e t, an d  high purity  g e rm a n iu m  
d e te c to r. T h e  tu b e  a n d  d e te c to r  a re  kep t fix ed  an d  th e  ta rg e t is m o v ed  tra n s v e rs e ly  to  g e t th e  d e s ire d  s c a tte r  a n g le s . G e o m e try  w a s  o p tim ize d  by a n a ly z in g  th e  v aria tio n  o f s c a t­
te r  a n g le  w ith  th e  d im e n s io n s  o f th e  e x te n d e d  ta rg e t an d  w ith  o th e r  g e o m e tr ic  p a ra m e te rs . To d e v e lo p  th e  te c h n iq u e , c o h e re n t fo rm  fa c to rs  in th e  ra n g e  0 .1 5  n m -1 to  1 1 .8 7  n m -1 o f 
th e  m o m e n tu m  tra n s fe r  p a ra m e te r  x  =  X-1s in ^ /2 )  w e re  m e a s u re d  fo r lex a n , poly m ethy l m e th a c ry la te , p o ly s ty re n e , p o ly e th y le n e , ny lo n , a n d  w ater. T h e  s c a tte r  a n g le s  a s  ob ta in e d  
by g e o m e try  o p tim iza tio n  an d  th e  re s p e c tiv e  x -ra y  s p e c tra  u sed  w e re  1 .3 2 o, 86 kV; 3 .1 3 o, 1 0 6  kV; a n d  1 5 .4 1 o, 121  kV. W e ig h te d  a ve ra g in g  w a s  d o n e  a t th e  tw o  o v erla p p in g  
re g io n s  o f th e  th re e  fo rm  fa c to r  d a ta s e ts  to  g e t o n e  c o n tin u o u s  d a ta s e t. C o m p a ris o n  o f o u r d a ta  w ith  pu b lish ed  d a ta  o b ta in e d  by th e  a n g le -d is p e rs iv e  te c h n iq u e  using  a  p o w d e r  
d iffra c to m e te r  s h o w s  th a t th e  e n e rg y -d is p e rs iv e  te c h n iq u e  c an  be  u sed  a s  a  s u b stitu te  fo r th e  a n g le -d is p e rs iv e  te c h n iq u e .
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A n  Im p ro ve d  V o lu m e tr ic  (3 d ) L o o k -L o c k e r Im ag in g  M e th o d  fo r Lon g itu d in a l R e la x a tio n  T im e  (T 1 ) E s t im a tio n , K e n  N k o n g c h u , G. S an tyr, C aríe ton U n ive rs ity  —  A th r e e -d im e n -  
s io n a l (3 D ) L o o k -L o c k e r im a g in g  p u ls e  s e q u e n c e  em p lo y in g  a  s e g m e n te d  acqu is ition  o f k -s p a c e  w ith  an  im p ro ve d  a c c u ra c y  in th e  e s tim a tio n  o f th e  long itud ina l re la x a tio n  tim e , T 1, 
w a s  a c h ie v e d  in th is  study. To a c h ie v e  a d e q u a te  s ig n a l-to -n o is e  ratio  (S N R ) ,  th e  c o n ve n tio n a l 3 D  L o o k -L o c k e r im ag in g  s e q u e n c e  p re se n te d  u s e s  a  la rg e  n u m b e r (>  1 5 0 )  o f sm all 
a n g le s  o f on ly  a b o u t 5 o an d  a  c o n stan t in te r-p u ls e  tim ing  th ro u g h  ou t th e  im a g e  acq u is itio n . In th is  study, a  n o v e l m od ification  o f th e  3 D  L o o k -L o c k e r im ag in g  s e q u e n c e  is 
d e s c rib e d  w h e re  th e  in te r-p u ls e  tim in g s  a re  not c o n stan t. T h is  v a r ia b le  in te r-p u ls e  tim ing  a llo w s  fo r  th e  inclusion o f a n  in te rm e d ia te  re c o v e ry  tim ing  v a r ia b le , a nd  perm its  use  o f tip  
a n g le s  a s  la rg e  a s  1 5 o in th e  k -s p a c e  acqu is ition , th e re b y  im proving  th e  S N R . T h e  T 1 a c c u ra c y  o f th e  m e th o d  w a s  te s te d  fo r a  p h a n to m  c o n ta in ing  G d -D T P A  d o p e d  w a te r  w ith  T 1 
v a lu e s  vary in g  b e tw e e n  a p p ro x im a te ly  3 0 0  m s  a n d  1 7 0 0 m s . F o r a  1 0 o tip  a n g le , T  a c c u ra c y  w a s  fo u n d  to  be  w ith in  3  %  c o m p a re d  to  c o n v e n tio n a l invers ion  re co v ery  e s tim a te s . 
T h is  c o m p a re s  fa v o u ra b ly  w ith  an  a c c u ra c y  o f on ly  11 %  fo r th e  c o n ve n tio n a l 3 D  L o o k -L o c k e r im ag in g  s e q u e n c e  using an  op tim a l 5 o tip  a n g le  pu lse .
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A s s e s s m e n t o f P h o to t im e r O p e ra t io n , H a r r y  J o h n s o n  1, L . K u rje w ic z  1 a nd  C . N e d u z a k  2,1 U n ive rs ity  o f  W inn ipeg  a n d  2 C a n c e rC a re  M a n ito b a  —  P h o to tim e r s y s te m s  prov id e  
a u to m a tic  e x p o s u re  contro l (A E C ) to  te rm in a te  th e  im ag ing  e x p o s u re  o f  a  d iag n o stic  x -ra y  b e a m . P ro p e r func tion ing  o f th e  A E C  s y s te m  is e s s e n tia l to  contro l x -ra y  im a g e  e x p o ­
s u re , both fo r d iag n o stic  im a g e  qua lity  an d  p a tien t d o s e . Q u a n titia tiv e  a s s e s s m e n t o f th e  ca lib ratio n  a n d  op e rab ility  o f th e  photo  cells  is n e e d e d  but is tim e  c o n su m in g  a nd  
re q u ire s  re p e a te d  film s. R a d ia tio n  P ro te ctio n  S e rv ic e s , a  d e p a rtm e n t o f th e  M e d ic a l P h ys ics  D iv is ion  o f  C a n c e rC a re  M a n ito b a  re g u la te s  x -ra y  s a fe ty  a n d  c o m p lia n c e  in M a n ito b a . 
R P S  h a s  u n d e rta k e n  te s ts  o f a  n e w  q u a n tita tiv e  d ig ita l too l to  m e a s u re  e x p o s u re  to  th e  x -ra y  im ag in g  p lan e . T h e  d e v ic e  consis ts  o f a  c a s e tte  a n d  a  d ig ita l re ad o u t unit. T h e  c a s ­
s e tte  c o n ta in s  th e  s en s o ry  c o m p o n e n ts  a n d  is p lac e d  in th e  film  p lan e  -  im a g e  p la te  p lan e , It m e a s u re s  th e  e x p o s u re  (c a lib ra te d  re  m R ) re q u ire d  to  p ro d u c e  th e  im a g e  a n d  h e n ce  
a ls o  th e  im ag in g  s p e e d , in d e p e n d e n t o f th e  p ro c es s o r (e ith e r  film  o r co m p u te d  ra d io g ra p h ic  p la te ). In a  4 0 0  s p e e d  s ys te m , th e  skin  e n tra n c e  d o s e  fo r  a  c h es t x -ra y  is 0 .11  m G y, 
e ffe c tiv e  p a tien t d o s e  is 0 .0 3  m S v. T h is  is th e  a v e ra g e  fo r film  s y s te m s  in M a n ito b a . C R  im ag in g  is a t lo w e r s p e e d , h ig h e r d o s e . O u r  fin d in g s  ind ica te : (1 ) C a lib ra tio n s  o f th e  left- 
c en tre -r ig h t pho to  ce lls  vary ; (2 ) P h o to  cells  h a v e  b e e n  fo u n d  in o p e ra tiv e , u n k n o w n  to  th e  te c h n o lo g is ts ; (3 ) S p e e d  o f m ost film  s y s te m s  is a t “4 0 0 ” plus; (4 ) S p e e d  o f C R  s y s te m s  
is a p p ro x im a te ly  “2 0 0 ”. D a ta  w ill b e  prov id ed  o f  th e  resu lts  o f s u rv e y s  a n d  th e  re v ie w  w ill inc lude  s e rv ic e - re la te d  d iscussions .
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S ta n d a rd s  fo r  Q u a lity  C o n tro l fo r C a n a d ia n  R a d ia tio n  T re a tm e n t C e n tre s , P e te r  D u n s c o m b e 1, C lé m e n t A r s e n a u lt2 , J e a n -P ie r r e  B is s o n n e t te  3 , H a rry  J o h n s o n 4,
G e o rg e  M a w k o 5, a n d  J an  S e u n t je n s 6, 1 Tom  B a k e r  C a n c e r  C e n tre , 2 H ô p ita l D r  G e o rg e s -L  D u m o n t, 3 P rin ce ss  M a rg a re t H osp ita l, 4 C a n c e rC a re  M a n ito b a , 5 Q E II H e a lth  S c ie n c e s  
C e n tre  an d  6 M o n tre a l G e n e ra l H o sp ita l —  T h e  C a n a d ia n  A s so c ia tio n  o f P ro v in c ia l C a n c e r  A g e n c ie s  (C A P C A ) h a s  b e g u n  a  s ta n d a rd is a tio n  p ro c es s  fo r th e  e s ta b lis h m e n t and  
m a in te n a n c e  o f q ua lity  rad ia tion  tre a tm e n t a cro s s  C a n a d a . A  fina l d ra ft o f th e  “S ta n d a rd s  fo r  Q u a lity  A s s u ra n c e  a t C a n a d ia n  R a d ia tio n  T re a tm e n t C e n te rs ” h a s  b e e n  sub m itte d , 
a n d  th e  C a n a d ia n  O rg a n is a tio n  o f  M e d ic a l P h ys ic is ts  h a s  b e e n  m a n d a te d  to  d e v e lo p  a  s e r ie s  o f a p p e n d ic e s  to  th is  fin a l dra ft to  d o c u m e n t n a tio n a l q ua lity  con tro l s ta n d a rd s  fo r  th e  
e q u ip m e n t u sed  in C a n a d ia n  rad ia tio n  th e ra p y  c lin ics. A ll d o c u m e n ts  u s e  a  s ta n d ard  fo rm a t, th e re b y  prov id ing  a  u n iq u e  c o n s is te n cy  a c ro s s  th e  e n tire  p ro p o s ed  qua lity  a s s u ra n c e  
s ta n d a rd . E a c h  d o c u m e n t d e ta ils  quality  contro l fre q u e n c ie s , to le ra n c e s , an d  actio n  lev e ls  fo r  th e  g iven  e q u ip m e n t o r  m oda lity . A ll qua lity  contro l p ro c e d u re s  e c h o , w h e re  a p p lic a ­
b le , a c c e p te d  in te rn a tio n a l s ta n d a rd s , such  a s  th o s e  e n d o rs e d  by th e  A A P M  o r IP E M , o r  w ith  o th e r  c u rren t p ub lica tions . W e  h a v e  su b m itte d  th e  c o n te n t o f e a c h  q ua lity  control 
pro toco l fo r re v ie w  by a  re co g n ize d  C a n a d ia n  e x p e rt. D o c u m e n ts  h a v e  b e e n  d ra fte d  so fa r  fo r  s im u la to rs , c o b a lt units, lin e a r  a c c e le ra to r , d o s im e try  in s tru m en ts , o rth o v o lta g e  
units , m u lti-le a f c o llim ato rs , porta l im ag ing  s y s te m s , b ra ch y th e rap y , a n d  in te n s ity -m o d u la te d  ra d io th era p y , an d  w ill be  m a d e  a v a ila b le  th ro u g h  th e  C O M P /C C P M  w e b  s ite . O th e r  
s ta n d a rd s  a re  p la n n e d  fo r C T  s im u la tio n , re c o rd -a n d -v e r ify  s y s te m s, rad iosurgery , a n d  p ro s ta te  im p lan ts . T h e s e  d o c u m e n ts  re flec t th e  spirit o f co n tin u o u s  qua lity  im p ro ve m e n t: 
clin ics  can  use  th e m  a s  te m p la te s  a n d  re v is e  te s t fre q u e n c ie s  a n d  to le ra n c e s  b a s e d  on a c c u m u la te d  e v id e n c e . W e  e x p e c t th a t, upon a p p ro v a l fro m  C A P C A , fe d e ra l a n d  prov in ­
c ia l re g u la tio n s  an d  a c c re d ita tio n s  b o d ie s  sh all re q u ire  c o m p lia n c e  to  th e s e  q ua lity  contro l s ta n d ard .
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T h e  B io M e d ic a l Im a g in g  an d  T h e ra p y  B e a m lin e  a t th e  C a n a d ia n  L ight S o u rc e  Inc. C o l le e n  C h r is te n s e n ,  C a nad ian  L ig h t S o u rce  In c  —  T h e  B io M e d ic a l Im a g in g  an d  T h e ra p y  
(B M IT ) B e a m lin e  is a  m u ltid isc ip linary , m u ltiuse  fac ility  th a t is be in g  p ro p o s ed  fo r  th e  C a n a d ia n  L ight S o u rc e , C a n a d a ’s N a tio n a l S y n c h ro tro n  Facility . T h e  B M IT  B e a m lin e  will 
h a v e  tw o  spec ific  re s e a rc h  u s es , non d e s tru c tiv e  im ag in g  o f  tis s u e s  a n d  rad ia tio n  th e ra p y  in living o rg a n ism s . T h e  to ta l cost o f th is  p ro jec t w ill be  a p p ro x im a te ly  $ 1 7 M . F und ing  
fo r  th is  p ro jec t w ill b e  o b ta in e d  fro m  th e  C a n a d ia n  F o u n d a tio n  fo r  In n o v atio n , th e  p rov in cia l g o v e rn m e n ts  an d  c h a rita b le  fo u n d a tio n s . T h e  B M IT  B e a m lin e  is p ro jec te d  to  b e  read y  
fo r  o p e ra tio n s  in 2 0 0 6 .
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étudiant ou étudiante en 
physique. Les articles de syn­
thèse sont en particulier bien­
venus.

Po s t d o c t o r a l  Re s e a r c h  As s o c ia t e , 
Un iv e r s it y  o f  Vic t o r ia

The University of Victoria Particle Physics Group invites applications for a 
postdoctoral Research Associate position working on the ATLAS experi­
ment at the CERN LHC. The ATLAS group at Victoria consists of 5 fac­
ulty members (Alan Astbury, Richard Keeler, Rob McPherson, Michel 
Lefebvre and Randall Sobie) making significant hardware and software 
contributions to ATLAS liquid argon calorimetry, and who are playing a 
leading role in the development of a computing grid for the analysis of 
ATLAS data in Canada. The current interests of the group include using 
upcoming ATLAS data challenges for developing, testing and deploying a 
large-scale Canadian computing grid, calibration and integration of the 
ATLAS calorimeter system using beam tests and preparation for ATLAS 
commissioning with cosmic rays and first beam.

The successful candidate will be expected to take a leading role in general 
software and computing grid development as well as ATLAS commission­
ing and physics studies. The candidate should have a PhD in experimental 
particle physics by the time of the appointment. Experience in particle 
physics computing, object oriented programming and computing grids 
would be an asset. The position will be initially based in Victoria with the 
possibility of relocating to CERN at a later date, subject to mutual agree­
ment.

The candidate should send a CV and arrange to have at least three letters 
of recommendation sent to:

Professor Randall Sobie 
Dept. of Physics and Astronomy 
University of Victoria 
PO Box 3055 Stn Csc
Victoria, BC, Canada V8W 3P6 Email: rsobie@uvic.ca

The application should be received by 1 June 2004 in order to ensure 
full consideration. All qualified candidates are encouraged to apply; how­
ever, in accordance with Canadian Immigration requirements, Canadians 
and perm anent residents will be given priority.
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