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ture.  We designed and built a prototype of 9-focus lens transducer system.  Using this prototype system, we created large thermal lesions in freshly excised porcine kidney tissue.
Since overlying tissue layers could potentially degrade the incident beams, preventing the formation of the multi-focus field, we performed experiments and computer simulations
to investigate this effect.  Results showed that the multi-focus field suffered negligible changes after traveling through representative porcine tissue layers (skin-fat-muscle-fat-mus-
cle).  This work indicates that the novel multi-focus lens transducer system may be a useful tool for ultrasound thermal therapy.

TU-A16-5 11h30

High Frequency Ultrasound Monitoring of Structural Changes in Cells and Tissues, A.S. Tunis 1,2, G.J. Czarnota 3,4, A. Giles 2, M.D. Sherar 2,3, J.W. Hunt 1,2, and M.C. Kolios 1,4,
1 Department of Medical Biophysics, University of Toronto; 2 Ontario Cancer Institute, University Health Network; 3 Department of Radiation Oncology, University of Toronto;
4 Department of Mathematics, Physics and Computer Science, Ryerson University —  To monitor cell structure changes in vitro and in vivo, we investigate the use of probability
density function fits to histograms of the high frequency ultrasound (HFUS) backscatter signal envelope.  To evaluate the technique in vitro we first examine cell pellets formed
with a mixture of acute myeloid leukemia cells treated with cisplatinum (a chemotherapy drug) and untreated cells.  Pellets were formed with concentrations of 0% to 100% treated
cells; following data acquisition pellets were fixed for histology.  To evaluate the technique in vivo we examine non-Hodgkin’s Lymphoma tumours implanted in mice and monitor
the response to chemotherapy up to 96 hours.  Following data acquisition, animals were sacrificed and tissue taken for histology.  Images and radio frequency (RF) data were col-
lected from 100 independent locations within the cell pellet and the tumour tissue using a HFUS imaging device (VisualSonics VS-40B) with a 20MHz f#2.35 transducer.
Simulated RF data was generated to model the pellet data.  The envelope of the RF data was computed using the Hilbert transform method; and the Rayleigh and generalized
gamma (GG) probability density functions were fit to the data using the maximum likelihood method, with goodness of fit evaluated by the Kolmogorov-Smirnov test.  Results indi-
cate that the GG fit parameters are sensitive to the changes that occur to cell structure during cell death.  The changes to the fit parameters are in agreement with theoretical pre-
dictions and respond to changes in cell structure both in vitro and in vivo.  Further development of the simulations will provide insight into the origin of the changes to the statistics.

TU-A16-6 11h45

Three Dimensional Ultrasound and Stereotactic Mammography Guided Biopsy:a Dual Modality System*, Kathleen J.M. Surry, Greg R. Mills, Donal B. Downey, Aaron Fenster,
Imaging Research Laboratory, Robarts Research Institute —  A three-dimensional ultrasound-guided biopsy system was developed to be integrated with, and to supplement
stereotactic mammography (SM) imaging.  Our goal is to be able to biopsy a larger percentage of suspicious masses using ultrasound (US), by clarifying ambiguous structures
with mammographic imaging.  Features from SM and US guided biopsy were combined, including breast stabilization, a confined needle trajectory and dual modality imaging.
The 3D US guided biopsy system was designed to be mounted on an upright mammography machine for pre-procedural SM imaging.  Intra-procedural targeting and guidance
was achieved by real-time 2D and near real-time 3D US imaging.  Post-biopsy 3D US imaging allowed for confirmation that the needle was penetrating the target.  We evaluated
the ultrasound guided biopsy accuracy of our system using breast phantoms.  Our system was capable of placing the needle tip with 0.85 mm accuracy at a target identified in
the 3D image.  We also showed that 3.2 mm diameter lesions could be biopsied with a 96% success rate, in vitro.  In order to use mammographic imaging information, we regis-
tered the SM and 3D US coordinate systems.  The 3D positions of targets identified in the SM projection images were determined with a target localisation error of 0.49 mm.  SM
imaging was then registered to 3D US, with a target registration error of 0.98 mm.  As an adjunct to stereotactic mammography, this 3D US guided biopsy system provides more
complete imaging information for target identification as well as real-time monitoring of needle insertion and biopsy success.

*  This work is being supported by CIHR Doctoral Fellowship.

12h00 Session Ends / Fin de la session
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11h00 - 11h45

CASCA-RAS J.S. Plaskett Medal Lecture /
Conférence de la Médaille J.S. Plaskett de CASCA-SRA

[TU-A17]
(CASCA)

[ Room/Salle :  Campaign B ] Chair:  R. Taylor, U.Calgary
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MARDI, 15 JUIN

11h45 - 12h30

Imaging in the Submillimetre Window - contributed / 
Imagerie dans la fenêtre sous-millimétrique - contribuées

[TU-A18]
(CASCA)

[ Room/Salle :  Campaign B ] Chair:  P. Martin, U.Toronto

TU-A17-1 11h00

JO-ANNE C. BROWN, University of Calgary

The Magnetic Field in the Outer Galaxy

Observations of synchrotron radiation demonstrate that galaxies have magnetic fields.  Our own Galaxy is no exception.  The Galactic magnetic field is thought to play a role in
both matter and cosmic ray confinement, and hence in overall pressure balance.  It is not known how the magnetic field of our Galaxy is generated, nor what its overall structure
is.  Determining the large scale structure would help identify the origin of the field.  Magnetic field reversals (regions of magnetic shear across which the field direction changes by
180 degrees) provide important clues about this large scale structure.  Superposed on the large scale magnetic field are smaller scale fluctuations (on the order of 50 parsecs)
related to localised motions in the interstellar medium (ISM).  In magnetohydrodynamic (MHD) models of the ISM, the assumption is usually made that these small scale fluctua-
tions are isotropic with respect to the large scale field.  The polarisation angle of linearly polarised radiation rotates in a predictable way as it propagates through a magnetized
plasma.  The process, known as Faraday rotation, is characterized by the measurable quantity of rotation measure (RM), which is determined as the slope of the graph of polari-
sation angle versus the square of the wavelength.  By measuring the RM of polarised compact sources (pulsars, external galaxies, and quasars), we are essentially probing the
magnetic field along their lines-of-sight; the more probes there are, the easier it is to reconstruct the intervening field.  As part of my thesis work, I calculated the rotation measure
for 380 extragalactic sources in the Canadian Galactic Plane Survey (CGPS; 145 > l > 75, -3.5 < b < 5.5), using the 21 cm polarisation data from the synthesis array at the
Dominion Radio Astrophysical Observatory (DRAO).  These sources have an average solid angle density of about 1 source per square degree - more than 10 times greater than
any previous survey in the Galactic plane.  Using these data, the primary goals of my thesis research were to identify reversals in the outer Galaxy (at galactocentric radii greater
than that of the Sun), and to test the assumption of isotropy in the small scale field.  In my talk I will review my PhD work, with a specific focus on the questions I addressed, their
significance, and the conclusions I was able to reach.  I will end with an outline of my more recent work which builds on my PhD studies, by exploring the magnetic field in other
parts of the Galaxy.

11h45 Session Ends / Fin de la session

TU-A18-1 11h45
Cold Hydrogen Clouds in the Milky Way:  An Evolutionary Missing Link?, Russ Taylor1, S.J. Gibson1 and S.T. Strasser2, 1University of Calgary and 2University of Minnesota  —
The high angular resolution of the International Canadian Galactic Plane Survey has revealed a wide-spread, cold atomic hydrogen component of the interstellar medium in the
form of dark self-absorption cloud complexes.  These clouds resemble molecular cloud complexes in structure and trace the spiral arm structure of the Galaxy.  While they occupy
an l,b,v space similar to that of CO clouds, there is no strict correlation between cold atomic hydrogen clouds and CO emitting gas. Nevertheless, continuum absorption studies
show that some of the cold atomic hydrogen clouds have temperatures as low as 15–20 K – similar to dense molecular clouds.  We examine the hypothesis that cold atomic
hydrogen revealed by these observations represents a phase in the evolution of the ISM marking the transformation of warm diffuse atomic hydrogen gas to molecular clouds,
perhaps triggered by compression from the passage of spiral arm density waves.
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TU-A18-2 12h00

A Submm Survey of High-Redshift Clusters: A submm Butcher-Oemler Effect?*, Tracy Webb 1, H. Yee 2, H. Hoekstra 2 and M. Gladders 3, 1 Leiden Observatory; 2 University of
Toronto and 3 Carnegie Observatories  —  We present the first results of a submm survey designed to investigate star-formation in high-redshift clusters.  Recently, an excess of
submm-luminous galaxies (SMGs) in high-redshift cluster fields has been reported.  If real, this excess can be attributed to an exceptionally high lensing cross-section for a subset
of high-redshift clusters, or as an increase in the number of dusty star-forming galaxies in clusters at higher redshift.  This second scenario is essentially a submm Butcher-Oemler
effect, perhaps due to accretion of field galaxies, or major cluster mergers.  To verify the excess of SMGs and and to differentate between the two scenarios, we have begun a
submm survey using SCUBA at JCMT of a sample of 0.6 < z < 1.1 clusters drawn from the Red-Sequence Cluster survey.  We have selected clusters which show multiple strong
optical arcs, and a control sample of equally rich clusters which do not exhibit strong lensing.  We will discuss the preliminary results and implications of the survey, based on the
first half of the sample.

*  This work is being supported by Leiden Observatory.

TU-A18-3 12h15

Sub-Millimetre Science With the New Generation of Total-Power, CCD-Style Bolometer Arrays, Colin Borys, California Institute of Technology  —  The development of close-
packed bolometric arrays was responsible for a renaissance in sub-millimetre astronomy.  Highly successful imaging campaigns using the SCUBA and MAMBO cameras have dis-
covered a cosmologically significant population of dust enshrouded galaxies that contribute as much to the energy density of the Universe as optical light.  Within our own galaxy,
sub-mm surveys reveal sites of vigorous star-formation that are practically invisible otherwise.  The next step in detector development follows a common theme in astronomy:
large format cameras with a wide field of view and increased detector sensitivity.  However unlike most optical CCDs, the new generation of sub-mm cameras also have to con-
tend with a paradigm shift in data reduction approaches in addition to new detector technologies.  Here I report on the trials and triumphs with the first facility, total-power CCD
style sub-mm camera: SHARC-II.  Commissioned at the Caltech Submillimeter Observatory in 2003, SHARC-II now routinely detects objects both at high redshift and locally.  The
data acquisition and image reduction approaches are similar to what will be required for the next leap in CCD-style sub-mm cameras: SCUBA-2.  Canada plays a strong role in
developing this instrument, and for good reason: with its unprecedented field of view and mapping speed, SCUBA2 will dramatically improve our understanding of the sub-mm
Universe.

12h30 Session Ends / Fin de la session

TUESDAY, JUNE 15
MARDI, 15 JUIN

12h30 - 13h30

ALMA Information Session / Session d'information sur l'ALMA[TU-A19]
(CASCA)

[ Room/Salle :  Campaign B ] Chair:  C. Wilson, McMaster U.

TUESDAY, JUNE 15
MARDI, 15 JUIN

13h15 - 14h15

Radiobiology and Tissue Characterization / 
Biologie radiologique et caractérisation des tissus

[TU-P1]
(COMP-DMBP/
OCPM-DPMB)

[ Room/Salle :  Albert  ] Chair:  D.E. Wilkins, Ottawa Regional Cancer Centre

TU-P1-1 13h15

Parameter Correlation for a Fully Heterogeneous Tumour Control Model, Marco Carlone, David Wilkins, Balazs Nyiri and G. Peter Raaphorst, Ottawa Regional Cancer Centre
—  There has been considerable interest lately in using clinically measured tumour control data to estimate radiobiological parameters for the linear quadratic model.  It is likely
that this practice will become more important in the future since there is increasing interest in biologically based treatment planning for radiotherapy.  In a previous publication
(Carlone et al, Med. Phys. 30, pp. 2832-2848), we introduced a scaling theory to simplify a tumour control model that includes a heterogeneous distribution of radiosensitivity.
This scaling theory is further developed in this work.  The enhanced theory forms the basis of a procedure that can be used to estimate radiobiological parameters using a hetero-
geneous tumour control model without construction of a fit statistic, or the subsequent minimization of a statistical function.  This procedure yields equivalent parameter estimates
as other, statistically based methods, but with a computational efficiency several orders of magnitude faster than the statistically based method.  This improved theory also shows
that when modeling clinical data with a population tumour control model, the slope of the correlated parameters, a and ln(k), is an estimate of the reciprocal of the dose of 50%
tumour control.  This result shows that a bias in estimates of radiobiological parameters will be introduced depending on the mean survival level of the clinical data.  It is also
shown how the same form of parameter scaling can be applied when the tumour control model is expanded to the general case, which includes inter-patient heterogeneity in
clonogen number and tumour growth rate.

TU-P1-2 13h30

Radiation Energy Deposition Calculations using Monte Carlo Simulations in K-shell X-ray Fluorescence Bone Lead Measurements*, Naseer Ahmed 1, David E.B. Fleming 1 and
Joanne M. O’Meara 2, 1 Mount Allison University and 2 University of Guelph  —   Recent applications of K-shell x-ray fluorescence (KXRF) bone lead measurement have used a
shorter source-to-sample (S-S) distance than the traditionally used standard value of 20mm, in order to improve measurement precision and decrease minimum detectable limit.
This alteration to the standard S-S distance has been made without consideration of the impact on the subject dose.  Therefore, Monte Carlo simulation has been used to calcu-
late the energy deposition in a soft-tissue/bone model, simulating the lower part of the leg during KXRF bone lead measurements. The simulations were run for models repre-
senting both young and adult subjects, assuming lead concentrations of 10 µg/g in bone and tracing 500 million photons in each simulation.  Trials were performed over a wide
range of 5–40 mm source to sample (S-S) distances.  The energy deposition due to the Compton and the photoelectric (for both x-ray and non x-ray events) processes occurring
in the bone and the soft tissue are presented.  The ratios of the energies deposited in the bone and in the soft tissue with respect to the total energy deposited in the sample are
calculated. Potential implications for the choice of an appropriate source-sample distance in KXRF bone lead analysis are discussed. 

*  This work is being supported by NSERC.

TU-P1-3 13h45

Monitoring the Response of Mycosis Fungoides to Total Skin Electron Irradiation with Optical Coherence Tomography, Joseph E. Hayward 1, Pawel P. Malysz 1, Glenn W. Jones 1,
Maggie L. Gordon 2, Victor X.D. Yang 1, I. Alex Vitkin 2,3, 1 Juravinski Cancer Centre, 2 University of Toronto and 3 University Health Network  —  Optical coherence tomography
(OCT) is a novel imaging technique that is like ultrasound imaging with light waves, as opposed to sound waves.  OCT can acquire subsurface images of tissues with microscopic
resolution (~ 15 :m).  Microstructural information can be obtained up to ~ 2 mm in depth in tissues like skin.  Imaging is completely non-destructive and can be done without
touching the tissue surface.  Mycosis fungoides (MF) is a cutaneous T-cell lymphoma that is commonly treated with total skin electron irradiation (TSEI).  The subsurface margin of
the disease beyond the superficial lesion edge is unknown, and its regression dynamics during and following TSEI are poorly understood.  The purpose of this study was to deter-
mine whether OCT is capable of MF lesion characterization and radiation treatment response monitoring in a selected group of patients undergoing TSEI.  Several patients were
imaged with OCT before, during, and after TSEI.  Similar to histological analysis, it was observed that OCT images of MF lesions usually appeared less structured than MF
images of normal, healthy skin.  In one patient, OCT images of normal-looking skin had the disordered characteristics of MF lesions.  Weeks later, the previously normal-looking
area had become part of a large MF lesion, suggesting that OCT may be useful for predicting the subsurface spread of MF.


