ORAL SESSION ABSTRACTS
MO-P9-3

15h45

Conduction Velocity Dispersion in Cardiac Tissue*, Hana Dobrovolny 1, R.A. Oliver 2, S. Kalb 2, E. Tolkacheva 1, W. Krassowska 2 and D.J. Gauthier 1, 1 Department of Physics
and 2 Department of Biomedical Engineering, Duke University — Conduction velocity dispersion and action potential restitution play a crucial role in determining the stability of
waves of electrical activity through cardiac tissue. Recent experimental work has confirmed that action potential restitution is rate-dependent, that is, the restitution properties are
dependent on the specific pacing protocol used to measure them. We hypothesize that conduction velocity dispersion shows similar rate-dependence. We will discuss progress
on our experiments to determine the rate dependence of conduction velocity restitution.
* This work is being supported by NIH, NSF

MO-P9-4

16h00

Magnetocarcinotherapy: A Novel Method for the Detection and Treatment of Cancer using Magnetic Nanoparticles*, Carl Kumaradas 1 and Robert Kraus Jr. 2, 1 Ryerson
University and.2 Los Alamos National Laboratory — Magnetocarcinotherapy (MCT) is a new and innovative approach that combines the detection and treatment of cancer into a
single modality. This approach involves binding magnetized nanoparticles (SmCo5, Fe3O4) to monoclonal antibodies and other molecules that selectively target cancer cells.
These nanoparticles are systemically delivered into a patient through intravenous injection and will preferentially collect in tumours due to their binding to receptors uniquely
expressed by cancer cells. Focal concentrations of these particles in tissue will be detected and imaged using a Superconducting Quantum Interference Device (SQUID) array or
Magnetic Resonance Imaging (MRI) systems. Once detected, the tumours will be immediately destroyed by applying a rotating external magnetic field that causes the nanoparticles to rotate resulting in thermal energy deposition localized at the tumor site (primarily as a consequence of viscous heating). A 2D finite element model of the coil system for
generating the driving magnetic field was developed to predict the field pattern produced in a patient. A 3D finite difference model of the motion of the particles in the presence of
the rotating external field, including the effect of particle-particle magnetic interactions, was developed to predict the heat deposition rate in tissue as a result of the particle motion.
Finally, a 1D finite element model was developed to predict the thermal damage produced in the tumour and its surrounding tissue. Predictions of the ability of optimized MCT
system to target the treatment to a tumour while minimizing the dose to normal tissue will be presented.
* This work is being supported by Los Alamos National Laboratory.

MO-P9-5

16h15

Polarimetry in Turbid Media for Robust Determination of Concentration of Optically Active Molecules: Modelling, Experiments, and Application to Biophotonics*, Daniel Côté and
I.A. Vitkin, Ontario Cancer Institute and University of Toronto — Various non invasive optical methods have been proposed to monitor glucose concentration in biological tissue.
Polarimetry is particularly attractive among these because certain measureable polarization properties (e.g., optical rotation) are directly related to the glucose concentration.
However, in turbid materials such as biological tissue, the range of validity of this direct relationship, and the effective path length sampled by the optical beam, are unknown. We
have developed a polarization-sensitive Monte Carlo statistical simulation model to examine in detail the polarization effects in turbid tissue-like media containing glucose.
Specifically, we examine the effects of incident polarization states, source/sample/detection geometries, and scattering properties of the media on the polarization properties of
detected light. Our simulation results, corroborated by experiments, show that there is a glucose-unrelated optical rotation of the linear polarization in geometries other than the
forward-scattering geometry. We also present a method to determine the path length from the directly measurable linear polarization fraction, and show both theoretically and
experimentally that the optical rotation is not proportional to the path length in highly scattering situations. Such fundamental studies are necessary if turbid polarimetry is to be
developed into a quantifiable in vivo tool for glucose level determination in humans.
* Financial support from NSERC is gratefully acknowledged.

MO-P9-6

16h30

In Vivo Cadmium Measurement by Prompt Gamma Neutron Activation Analysis, Joanna Grinyer, Soo-Hyun Byun and David R. Chettle, McMaster University — The monitoring of cadmium levels in occupationally exposed persons is important, as this element is known to cause several health effects. Cadmium is known to accumulate in the kidneys
and the liver so a non-invasive technique of detection is required in order to monitor accumulated levels. An in vivo prompt gamma neutron activation analysis previously developed at McMaster University was tested and used in the measurement of cadmium in kidney and liver phantoms. The measurement of cadmium is based on the detection of 559
keV g-rays from the 113Cd(n,g)114Cd reaction in vivo. In order to lower the detection limit, a comparison was made between the use of two large surface area planar germanium
detectors (51 mm diameter ´ 21 mm length) and a single coaxial germanium detector (47 mm diameter ´ 42 mm length). The positioning of the neutron source, phantoms and
detectors was optimized to lower the detection limit further. Calibrations were performed using aqueous kidney and liver phantoms of known concentrations in order to determine
the amounts of cadmium present in the liver and kidneys of an occupationally exposed individual.
MO-P9-7

16h45

Optical Analysis of Carotid Atherosclerotic Plaque using Laser Induced Fluorescence, Renee Korol 1,2, Alexandra Lucas 2,3, Gary Ferguson 2,4, Rob Hammond 5, Helen Finlay 1
and Peter Canham 1, 1 Department of Medical Biophysics, University of Western Ontario, 2 Vascular Biology Research Group, Robarts Research Institute, 3 Department of
Microbiology and Immunology, University of Western Ontario, 4 Department of Clinical Neurological Sciences, University of Western Ontario and 5 Department of Pathology,
University of Western Ontario — Background: Laser induced fluorescence (LIF) spectroscopy is a nondestructive optical diagnostic technique. Arterial bifurcations are associated with increased incidence of later atherosclerotic plaque growth and cerebral aneurysm formation, two vascular pathologies that initiate arterial occlusions and rupture (myocardial infarctions and strokes); Purpose: Our objective is to investigate regional compositional differences of atherosclerotic plaques from patients undergoing a carotid endarterectomy; Materials and methods: Arterial wall was cut open longitudinally along the ‘saddle’ region of the bifurcation and pinned to a mounting card. Using an optical multi-channel
analyzer, we recorded 10 fluorescence spectra for each position during excitation of the arterial surface with an argon ion laser (351.1-363.8nm). Measurements included extracted protein (elastin, collagen type I & III), 10 normal arteries taken from coronary bypass surgery and 16 carotid endarterectomy specimens. Spectra were normalized to maximum
intensity. Statistical analysis included ANOVA and multi- regression analysis. Tissue sections were fixed in formalin, sectioned and stained with Hematoxylin & Eosin, and Movat’s
Pentachrome for histological analysis; Results: Atherosclerotic plaque measurements were cross-examined with conventional histologic techniques and morphometric analysis,
which allows characterization of different plaque constituents: fibrous tissue, elastin, foam cells/cholesterol crystals, calcifications and thrombus/hemorrhage. Formulae for quantification of compositional changes have been developed based upon results of fluorescence emission spectra using multiple regression analysis; Conclusions: Laser induced fluorescence spectroscopy provides an effective method for detecting regional differences in vascular structure as it pertains to late atherosclerotic plaques and their bifurcations. It
has the potential for discriminating between stable and unstable plaque in vivo.
17h00

Session Ends / Fin de la session

[MO-P10]

Quantum Information Theory / Théorie de l'information quantique

(DTP/DPT)

MONDAY, JUNE 14
LUNDI, 14 JUIN
14h15 -17h00

[ Room/Salle : Kildonan ]
MO-P10-1

Chair: R. Mann, U.Waterloo

14h15

RAYMOND LAFLAMME, Institute for Quantum Computing, University of Waterloo
NMR And Quantum Information Processing
Advances in computing are revolutionizing our world. Present day computers advance at a rapid pace toward the barrier defined by the laws of quantum physics. The quantum
computation program short-circuits that constraint by exploiting the quantum laws to advantage rather than regarding them as obstacles. Quantum computer accepts any superposition of its inputs as an input, and processes the components simultaneously, performing a sophisticated interference experiment of classical inputs. This “quantum parallelism”
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allows one to explore exponentially many trial solutions with relatively modest means, and to select the correct one. This has a particularly dramatic effect on factoring of large
integers, which is at the core of the present day encryption strategies (public key) used in diplomatic communication, and (increasingly) in business. As demonstrated approximately five years ago, quantum computers could yield the most commonly used encryption protocol obsolete. Since then, it was also realized that quantum computation can lead
to breakthroughs elsewhere, including simulations of quantum systems, implementation of novel encryption strategies (quantum cryptography), as well as more mundane applications such as sorting. I will describe recent work done in quantum computation, in particular I will give a critical review of the NMR implementation, its achievements and future
prospect.
MO-P10-2

14h45

BARRY C. SANDERS, University of Calgary
Quantum Information Processing with Continuous Variables
Quantum information theory is built on creating, manipulating and reading qubits yet some of the dramatic experimental successes, such as unconditional quantum teleportation,
quantum cryptography with coherent states, and threshold quantum secret sharing, have been achieved for continuous variables. I will explain continuous variable quantum information processing, discuss its realizations as quantum optics experiments, expose the weaknesses, extol the strengths, and consider its future. The field of continuous variable
quantum information processing is exciting on several levels. The mathematics is elegant, and the quantum optics experiments can be understood in terms of Hamiltonians that
obey the symplectic algebra. The experiments make use of sophisticated, yet well-developed, technology such as the ability to squeeze the vacuum fluctuations of light, perform
balanced homodyne detection, and prepare highly coherent states of light. Decoherence is often negligible in these settings. These advantages make continuous variable quantum information processing the best avenue for first proofs-of-concept. The field faces formidable challenges, including encoding quantum information into continuous variables
allowing for robust error correction, achieving nonlinear transformations outside the symplectic transformations that allow universal unitary transformations of the field without significant decoherence, and security proofs for quantum cryptography. These challenges are not insurmountable; rather they add to the excitement of the field, which I will discuss.
15h15

Coffee Break / Pause café

MO-P10-3

15h30

RANDY KOBES, University of Winnipeg
Exploring Paths in Adiabatic Quantum Computing
Many systems, such as quantum computers, can be formulated in terms of networks of a large number of coupled two-level quantum systems. Due to the complex interactions,
however, it is difficult to infer general properties about the evolution of the system. In such cases it is often useful to consider the behaviour of the system when a degree of randomness is introduced in the interactions, the hope being that, when averaged over large classes of randomness, some qualitative information about the evolution of the system
can be deduced. Here we describe one such study, with particular emphasis on seeing the difference between short and long range interactions.
MO-P10-4

16h00

PHILIP STAMP, University of British Columbia
Decoherence Mechanisms And The Dynamics Of Decoherence In Qubit Networks
The major problem confronting the construction of quantum information processing networks of any kid is decoherence, caused either by the interactions of the network with the
surrounding environment, or from the time-dependent changes in the network parameters as computations or processing are carried out. To quantify decoherence we need (i)
realistic physical models of what causes it, and (ii) means of calculating network dynamics. The main decoherence in solid-state qubit networks at low T comes from localized
excitations in the environment (the ‘spin bath’). How this works is discussed quantitatively for superconducting and magnetic qubit networks, and compared with experiment. In
optical systems the decoherence comes from unwanted photon modes. The problem of network dynamics raises a second fundamental question- how do decoherence rates
increase with the number of entangled qubits? This question can be answered in detail with models incorporating spin and oscillator baths acting on ‘quantum memory’ networks.
If there is time I will also discuss decoherence for topological quantum computer designs.
MO-P10-5

16h30

ACHIM KEMPF, University of Waterloo
Towards a Notion of Qubit Density for Quantum Fields in Curved Spacetime
In the literature, there is much discussion as to whether spacetime is discrete or continuous. In information theory, the link between continuous information and discrete information is established through well-known sampling theorems. Sampling theory explains, for example, how frequency-bounded music signals are reconstructible perfectly from discrete samples. I will present a generalization of sampling theory to pseudo-Riemannian manifolds. The aim is to provide a new set of mathematical tools for the study of spacetime at the Planck scale: theories formulated on a differentiable space-time manifold can be completely equivalent to lattice theories. There is a close connection to generalized
uncertainty relations which have appeared in string theory and other studies of quantum gravity.
17h00

Session Ends / Fin de la session

[MO-P11]
(DCMMP/DPMCM)

Cuprates in the Extreme Underdoped Limit / Les cuprates dans la
limite extrême sous-dopée

MONDAY, JUNE 14
LUNDI, 14 JUIN
14h15 -17h00

[ Room/Salle : Campaign B ]
MO-P11-1

Chair: I. Herbut, SFU

14h30

DOUGLAS BONN, Simon Fraser University
Dying Gasps of a d-Wave Superconductor
In the cuprate superconductor YBa2Cu3O6+x, hole doping in the CuO2 layers is controlled by both oxygen content and the degree of oxygen-ordering. At the composition
YBa2Cu3O6.35, the ordering can occur at room temperature, thereby tuning the hole doping so that the superconducting critical temperature gradually rises from zero to 20 K.
Here we exploit this to study the electromagnetic penetration depth as a function of temperature and doping. The temperature dependence shows the d-wave superconductor
surviving to very low doping, with no sign of another ordered phase interfering with the nodal quasiparticles. The only apparent doping dependence is a smooth decline of superfluid density as Tc decreases.
15h00

Coffee Break / Pause café
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