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1 Director’s Narrative Report

The Winnipeg Institute for Theoretical Physics is a type III research Institute and was
created to support theoretical physics research in Manitoba. It has carried out this man-
date by encouraging collaboration between members of the Institute and by financially
supporting workshops, visiting colloquium speakers, and short and long term visits by re-
search collaborators of international standing. The permanent members of this Institute
are drawn from Brandon University, the University of Manitoba, and the University of
Winnipeg. Associated with the Permanent Members are research associates, postdoctoral
fellows, graduate students and summer undergraduate research assistants.

The past year was the 23rd year of the Institute’s existence. As usual, the Institute
sponsored several research colloquia by out-of-province visitors as well as Institute mem-
bers. The Institute also continued its recent practice of providing support for Canadian
theoretical physics meetings by committing funding for the 15th Canadian Conference
on General Relativity and Relativistic Astrophysics, to be held in Winnipeg in 2014. In
addition, the WITP underwent its regular review by the University of Manitoba Senate
and welcomed two new permanent members.

For the 2012-2013 academic year, the list of invited speakers is found in section 4.1,
visitors in section 4.2, a description of the WITP Summer Student Symposium appears in
4.3, the cumulative list of graduate degrees awarded appears in section 4.5, and the pub-
lished research work of members is found in section 4.6. Section 5.1 contains a summary
of income and expenditures for the period September 1, 2012 to August 31, 2013. The
plans for the coming year include a program of invited speakers, visiting research collab-
orations, and the promotion of postgraduate and postdoctoral research. A major activity
that was held for the second time this year was a research symposium, highlighting the
summer research done by undergraduate and graduate students under the supervision of
WITP members. The symposium was hosted this year at the University of Manitoba and
well-attended by members from all three universities.

All of the funds available to the Institute are spent for scientific research expenses,
including conference support, seminar activities, and travel expenses of visiting scientists.
The Institute has no technical support staff or administrative staff. All the administrative
work is done on a volunteer basis by the members of the Institute. The Institute’s fund-
ing is substantially supplemented by contributions from the NSERC grants of individual
members in pursuing the Institute’s mandate.

In December 2012, the WITP elected a new Executive Committee for a two-year
term. The Executive consists of the Director, A. R. Frey (Winnipeg), the Director-Elect,
K. Shamseddine (Manitoba), and the Past-Director, G. Kunstatter (Winnipeg). The
previous Past-Director (to Dec. 2012) was B. W. Southern (Manitoba).

A. R. Frey
Director, WITP
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2 Current List of Members (2012-13)

2.1 Permanent (Faculty) Members

• M.E. Alexander2, Ph.D. (Manchester University, UK)

• P.G. Blunden1, Ph.D (Queen’s) [Director, 93-94]

• M.E. Carrington3, Ph.D. (SUNY, Stony Brook)

• T. Chakraborty1, Ph.D. (Dilbrugarh University, India)

• J. D. Fiege1, Ph.D. (McMaster)

• A.R. Frey2 Ph.D. (UCSB) [Director, 12-14]

• T.D. Fugleberg3, Ph.D. (UBC)

• J. Hopkinson3, Ph.D. (Rutgers) (left May 2013)

• G. Kunstatter2, Ph.D. (Toronto) [Director, 91-92, 09-12]

• T.A. Osborn1, Ph.D. (Stanford) [Director, 92-93, 01-04]

• S. Plosker3, Ph.D. (Guelph)

• S. Safi-Harb1, Ph.D. (Wisconsin)

• A. Shalchi1, Ph.D. (Ruhr-Universitat Bochum)

• K.M. Shamseddine1, Ph.D. (Michigan State)

• B.W. Southern1, Ph.D. (McMaster) [Director, 90-91, 07-09]

• D.W. Vincent2, Ph.D. (Toronto) [Director, 94-95]

• J.G. Williams3, Ph.D. (Birmingham) [Director, 96-97]

• M. Whitmore1, Ph.D. (McMaster)

Senior Scholars

• B. Bhakar1, Ph.D. (Delhi) [Director, Jan. - June 00]

• P.D. Loly 1, Ph.D. (London) [Director, Fall 99, 00-01]

• J.P. Svenne 1, Ph.D. (M.I.T.) [Director, 95-96]

• G.C. Tabisz 1, Ph.D. (Toronto)

• J.M. Vail 1, Ph.D. (Brandeis) [Director, 98-99]

1University of Manitoba
2University of Winnipeg
3Brandon University
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2.2 Associate Members

Research Associates

• Alex Sibirtsev (Blunden)

Postdoctoral Fellows

• Rebecca Danos (Safi-Harb/Shalchi)

• Gilles Ferrand (Safi-Harb)

• Wie-jie Fu (Carrington)

• Harsha Kumar (Safi-Harb)

• Adam Rogers (Safi-Harb)

• Tongchuan Suo (Whitmore)

2.3 Graduate Students

• Siranush Avestiyan (M.Sc.) (Chakraborty)

• Robert Bergen (M.Sc.) (Alexander, co-supervised with C. Bidinosti at Winnipeg)

• Chelsea Braun (M.Sc.) (Safi-Harb)

• Angel Barria Comicheo (Ph.D.) (Shamseddine)

• Bradley Cownden (M.Sc.) (Frey)

• Bryson Dietz (M.Sc.) (Alexander, co-supervised with E. Elhami at Winnipeg)

• Darren Flynn (M.Sc.) (Shamseddine)

• Erica Franzmann (M.Sc.) (Fiege)

• William Grafton (M.Sc.) (Shamseddine)

• Benson Guest (M.Sc.) (Safi-Harb)

• Mohammad Hussein (Ph.D) (Shalchi)

• Damodar Khatri Chhetri (M.Sc.) (Svenne)

• Heather Matheson (Ph.D.) (Safi-Harb)

• Paul Mikula (M.Sc.) (co-supervised Kunstatter and Carrington)

• Travis Redpath (M.Sc.) (Hopkinson)

• Andrew Senchuk (Ph. D) (Shamseddine, co-supervised with G. Gwinner, Manitoba)

5



• Tim Taves (Ph.D.) (Kunstatter)

• Jennifer West (Ph.D.) (Safi-Harb)

• Ping Zhou (Ph.D) (Safi-Harb, co-supervised with Yang Chen at Nanjing)

2.4 Undergraduate Research Students 2012-13

• G. Bookatz (Shamseddine)

• G. Chernitsky (Frey)

• N. Deppe (Kunstatter)

• J. Enns (Frey)

• P. Gregoryanz (Frey)

• J. Hernandez-Melgar (Vail)

• A. Kolly (Frey/Kunstatter)

• M. Mercredi (Alexander)

• N. Reid (Frey)

• J. Smith (Carrington/Fugleburg)

• S. Srinivasan (Shalchi)

• C. Tang (Shamseddine)

• L. Yu (Alexander)

3 Research Interests of Members

M.E. Alexander

My principal research interest is the mathematical modeling of emergent behaviour in
complex systems. This is a widely found phenomenon, manifest in pattern formation
in physical, chemical and biological systems (such as swarming/clustering behaviour of
cells and other microorganisms). Interactions between microscopic entities orchestrate the
macroscopic behaviour of large numbers of entities, and may give rise to phase changes at
the macroscopic scale (e.g., solid-liquid or liquid-gas transitions, or transition from para-
magnetic to ferromagnetic behaviour). In biology, the highly complex internal dynamics
of cells and their interactions with the environment orchestrate highly complex behaviour
at the macroscopic scale: the collective behaviour of large numbers of cells in such an
environment can give rise to phase transitions, thereby signalling dramatic changes in
immune response, from containment to uncontrolled spread of infection.
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My interest is to use methods for statistical physics and stochastic processes (e.g.,
Langevin, Fokker-Planck, Boltzmann, Master Equation, critical phenomena and multi-
particle field-theoretic approaches) to model both the microscopic intra-cellular biochem-
ical kinetics and the emergent behaviour of large numbers of cells interacting with their
chemical environment, in a self-consistent way. The principal mechanism of interest is
chemotaxis, and I am collaborating with Dr Francis Lin (Univ. Of Manitoba, Physics)
and his group to complement their single-cell experimental studies in chemotaxis with
modelling and simulation. The intent is to provide a useful modelling framework for cell
biologists, and contribute to the growing use of mathematical and physical methods in
biology to complement traditional experimental approaches.

I am also involved in developing new methods for medical image processing, based
on fast numerical implementations of variational principles and level set methods, that
have been applied to image segmentation, image registration, and (in combination with
wavelets) to sparse representations of signals (images, spectra, time series, etc.). Recently,
segmentation algorithms have been used to classify different regions of an image using a
community detection algorithms, derived from statistical mechanics (e.g., the Potts or
Ising models). Due to the computationally intensive nature of image processing, we are
gradually moving over to high performance parallel computing implemented on Graphics
Processing Units. In addition, I am developing a fast algorithm for analyzing 2D NMR
spectra, which it is hoped will supersede current methods based on the Fast Fourier
Transform.

B. Bhakar

Present activities are directed towards the understanding of completely integrable and
nonintegrable field theories in low [(1+1) and (2+1)] dimensions. Therefore, investigations
are being carried out to study the behaviour of spin chain models on a lattice in (1+1)
dimensions with nearest neighbour interactions only. These models are closely related to
nonlinear sigma models.

P.G. Blunden

My research program focuses on two related themes – electromagnetic and weak interac-
tions, and relativistic approaches to the nuclear many-body problem. A principle aspect of
the first research theme is understanding the fundamental properties of nucleons and nuclei
through electromagnetic and weak interactions with semileptonic probes. At the nucleon
level, calculations of two-photon exchange (TPE) radiative corrections have been instru-
mental in resolving the discrepancy between measurements of electron-nucleon scattering
form factors using Rosenbluth and polarization transfer techniques. A hadronic approach
is taken to evaluating the model-dependent TPE amplitudes, including the contribution
of nucleon resonances. This has implications for parity-violating electron scattering and
other precision measurements (e.g. single spin asymmetries), as well as virtual Compton
scattering. One goal is understanding the transition between hadronic approaches at low
energies and partonic approaches appropriate at high energies.Weak radiative corrections
within the standard Model have also been undertaken. These corrections include those
involving one-quark (conventional one-loop), as well as many-quark effects (e.g. those
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leading to an intrinsic nucleon anapole moment). Expertise developed in the TPE pro-
gram is used for corresponding processes involving weak interactions. This work is of
significance for a new generation of experiments such as the Q-weak measurement of the
weak charge of the proton, and parity violating electron scattering.

This ties in strongly with the second research theme, which builds on an established
program of relativistic approaches to nuclear many-body problems. Recent approaches
emphasize the use of effective field theory and density functional methods. Applications
are being developed for nuclear structure studies, electromagnetic properties of nuclei,
and parity violating effects in nuclei.

M.E. Carrington

My main area of interest is statistical field theory, with particular emphasis on applications
to the quark-gluon plasma. This type of research is also relevant in the context of the
study of the early universe.

There are many technical problems associated with statistical field theory. The stan-
dard technique for doing field theoretic calculations is perturbation theory. At finite
temperature, it has been known for some time that standard perturbation theory leads
to inconsistent results. In many cases this problem can be resolved by using the effective
expansion developed by Braaten and Pisarski which is based on the resummation of hard
thermal loop diagrams into effective green functions.

For systems out of equilibrium, finite temperature field theory cannot be used and
completely different techniques are required. There are several strategies that can be
used if the system is close to equilibrium. Transport theory uses a linear response ap-
proximation to study the transport of conserved quantities over distances that are long
compared to the microscopic relaxation scales of the system. There is a non-equilibrium
generalization of the htl theory called the hard loop (hl) effective theory, which can be
used to study dispersion relations at lowest order. One interesting phenomena that can be
studied using this technique is plasma instabilities. These instabilities may significantly
delay the equilibration of the system

Far from equilibrium situations require completely new techniques. One approach
is the use of nPI effective theories which, in principle, can be used arbitrarily far from
equilibrium.

T. Chakraborty

Spin Transport in a Quantum Dot
It has long been recognized that a two-dimensional electron gas (2DEG) in narrow-gap

semiconductors, particularly in InAs-based systems with its high values of the g-factor,
exhibit zero-field splitting due to the spin-orbit (SO) coupling. This coupling is also the
driving mechanism for making futuristic devices based on controlled spin transport, such
as a spin transistor, where the electron spins would precess (due to the SO coupling) while
being transported through the 2DEG channel. Tuning of this precession in the proposed
spin transistor would provide an additional control that is not available in conventional
devices, but may be crucial for the rapidly emerging field of semiconductor spintronics.
We have developed a theoretical approach where the SO interaction is treated via exact
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diagonalization of the Hamiltonian for interacting electrons confined in a parabolic QD.
Coulomb interaction causes energy levels to cross and at the crossing point magnetization
shows a jump. In an magnetic field the strength of the SO coupling is proportional to
the field (in addition to the coupling parameter and the angular momentum). Hence, the
effect of the coupling is more prominent for slopes of the higher angular momenta energy
curves. As a consequence, an increase in the SO coupling strength causes the energy level
crossings to move to weaker fields and the jump in magnetization shows a large shift to
weaker magnetic fields. This result can be exploited to tune the SO coupling strength
that might be useful for spin transport.
Electron Dynamics in a DNA Molecule

The unique properties of DNA, self-assembly and molecular recognition, has rendered
the ‘molecule of life’ a promising candidate in the rapidly emerging field of molecular
nano-electronics. A recent report of a field-effect transistor based on DNA molecules,
that was preceded by a series of seminal experiments on the electron conduction in DNA,
has sparked a lot of interest on the electronic properties of the DNA. A thorough under-
standing of the electronic properties of DNA is crucial in the development of the future
DNA-based nanoscale devices. In addition, charge transfer through DNA also plays an
important role in radiation damage and repair and therefore important for biological pro-
cesses. We have preformed theoretical calculations of the electron energy spectrum, based
on a two-leg charge ladder model for the poly(dA)-poly(dT) DNA and poly(dG)-poly(dC)
DNA molecules. We take the electron-electron interactions and the electron spin degree
of freedom fully into account in our model. The energy spectra for the G-C and the A-T
base pairs show a large gap and the interaction was found to enhance the gap. The effect
of interaction is less pronounced for the G-C base pairs than that of the A-T pairs. The
spin-flip excitations are not the lowest energy excitations. We also analyze the charge
distribution for the ground state as well as for the excitations.

J.D. Fiege

My research program involves three areas of astrophysics, plus an interdisciplinary project
in medical physics. The common thread of this research is the application of sophisticated
optimization methods solve very large multi objective optimization problems or to mode
data. The various components of this research program are enumerated below.

1. Gravitational lens modeling: Gravitational lens systems probe the structure of
dark matter haloes, while also using these systems as natural telescopes to study distant
extra galactic sources. My Ph.D. student Adam Rogers and I have developed new and
very efficient methods to explore and reconstruct the lens density profile and background
source in gravitational lens systems, leading to the largest lens reconstructions in the
literature.

2. Polarization modeling: Submillimetre polarization mapping is the best observa-
tional technique to study magnetic fields in molecular cloud cores. My M.Sc. student
Erica Franzmann and I have developed a modeling technique to simultaneously constrain
the density structure and magnetic field geometry in cores and filaments. We are provid-
ing theoretical support to two international surveys (JCMT Gould’s Belt survey and a
CARMA polarization survey).
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3. I develop a code called ”GalAPAGOS” (Galaxy Parameter Aquisition by Genetic
Optimization Software), which uses a genetic algorithm to constrain the kinematics of
rotating neutral hydrogen (HI) disks in galaxies by modeling their HI data cubes.

4. I collaborate with Boyd McCurdy on the development of a code called PARETO,
as part of unique interdisciplinary project in medical physics, which applies optimization
methods to treatment planning in cancer radiotherapy. PARETO is the first software
package to use a multi objective GA (Ferret) to simultaneously optimize radiation beam
orientations and fluence patterns by solving a large scale, monolithic, multi objective
optimization problem.

A. R. Frey

My research program addresses major questions in cosmology using the tools of fundamen-
tal physics, namely particle physics and string theory. The majority of my research aims
to discover the composition of the modern universe, specifically uncovering the nature of
dark matter, yet-to-be-discovered particles known only by their influence on gravity. We
are in an era of rapid discovery, with multiple experiments to detect dark matter now
active and highly sensitive astrophysical observatories. I relate models of dark matter
favored by terrestrial detection experiments can affect astrophysics, finding new tools in
astrophysics to unravel the mystery of dark matter. As more data becomes available, I
am also interested in interpreting results from the Large Hadron Collider at CERN. The
other theme of my research program is answering fundamental questions regarding infla-
tion, the accelerated expansion of space at the birth of our universe, in string theory, the
only known theory unifying particle physics with gravity. In particular, I ask what role
the extra dimensions of string theory play during inflation. Does the growth or bending
of the extra dimensions change the shape of our universe? Do the extra dimensions leave
behind an imprint, a measurable sign of string theory? Ultimately, can we understand
inflation as a consequence of the shape of extra dimensions of space? These questions will
occupy much of my attention for the next several years; I also spend some time thinking
about holographic theories of physics and the initial conditions of the universe.

T.D. Fugleberg

My current research interests are in three main areas.
The first is the study of a novel form of superconductivity called colour supercon-

ductivity. This is the study of a new state of matter - the colour superconducting state
- which may be present in neutron and/or quark stars with consequences detectable in
astronomical observations. The colour superconducting state arises in the theory of the
strong nuclear force, Quantum Chromodynamics, (QCD). I have looked at refining models
used in this analysis to include the physical masses of the quarks and other degrees of
freedom in as complete a way as possible in order to make definitive quantitative predic-
tions for observation. This research involves free colour charge and is thus related to the
main unsolved problem of QCD - colour confinement.

The second area is non-equilibrium and thermal field theory. Both of these topics have
important applications in the physics of the early universe and in heavy ion collisions.
I am developing techniques for simplifying calculations in the real time formalism of
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thermal field theory. Non-equilibrium field theory is still in its infancy but has important
implications in the search for the quark gluon plasma and the evolution of the universe
immediately following the big bang.

The third area of research is in the area of quantum computation. A computer designed
to utilize quantum mechanical indeterminacy in the computation process will theoreti-
cally be capable of solving difficult problems much more rapidly than a classical computer.
This has important implications since international monetary security depends on cryp-
tographic systems based on the fact that certain problems are ”too hard” to solve in
a reasonable amount of time. Since very simple quantum computers have already been
constructed, quantum computation is a very important field of research. In particular
I have been studying a particular model of quantum computation - adiabatic quantum
computation - with the goal of gaining insight into the fundamental physical quantity or
quantities responsible for the power of a quantum computer.

G. Kunstatter

Einstein’s theory explains the motions of planets, galaxies and the universe as a whole,
while quantum mechanics describes the sub-atomic world. Both theories have been well
tested in their own realms, but they appear to be incompatible with each other so that
at least one must break down at the Planck scale. My research focuses on perhaps the
most important question in theoretical physics today: what is the theory that unifies
Einstein’s theory of gravity with quantum mechanics? Given the difficulty of obtaining
experimental data at such ridiculously small scales, it is important to look for clues
by pushing the existing theories to their limits. Black holes provide excellent theoretical
laboratories in this regard because they pose fundamental questions, such as the resolution
of the inevitable central singularity, the endpoint of black hole evaporation and the source
of the so-called information loss paradox. The long term goal of my research is to place
constraints on the form of the ultimate quantum theory of gravity by studying as generally
as possible the classical and quantum dynamics of black holes.

Einstein’s theory of gravity must undergo corrections at microscopic distance scales.
Quantum theory suggests the need to add higher-curvature terms whereas string theory
requires the existence of extra spatial dimensions. Lovelock gravity is arguably the most
natural generalization of this type. One of the projects I am currently undertaking is the
numerical study of microscopic black hole formation in Lovelock gravity. Another is the
quantum mechanics of black holes in Lovelock theory, in order to see whether the inherent
”fuzziness” or uncertainty in quantum mechanics can cure the singularities in this class
of theories.

It has been conjectured that off-shell processes in string theory can be described qual-
itatively by solutions to RG flows of world-sheet sigma models. In the case of closed
string theory the simplest of these RG flows is the so-called Ricci flow. The AdS/CFT
correspondence relates asymptotically AdS black holes to thermal states in a conformal
field theory (CFT) on the boundary of space-time. In the case of 5D AdS, the CFT is a
4D supersymmetric Yang-Mills theory. Since the underlying string theory provides Ricci
flow in the bulk AdS spacetime with a physical interpretation a question arises as to the
nature of the corresponding deformation in the boundary CFT. This is also currently
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under investigation.

P.D. Loly

In August 2012 I participated in the University of Iceland - University of Manitoba 2012
Partnership Conference on ”Origins” in Reykjavik.

Also our claim to the use of modern data mining techniques, Shannon entropy and a
novel index, has now been cemented by our July 2012 video presentation sent to the
joint sessions of IWMS21 and LINSTAT2012 conferences in Bedlewo, Poland. [ see
http://www.physics.umanitoba.ca/ icamern/Poland2012/]

This project began early in 2010 with Ian Cameron and Adam Rogers has matured
to provide robust measures for comparing doubly stochastic matrices, principally the
integer Latin and natural magic squares, by elucidating clan signatures (distinct singular
value sets) first glimpsed in P.D. Loly, I.D.Cameron, W.Trump and D.S.Schindel, ”Magic
square spectra”, Linear Algebra Appl. 430 (10) 2659-2680 (2009).

This project resulted in a delay in completing several other projects, which were the
subject of 2008, 2009 conference talks, but which can now take advantage of these new
features. These will now be completed, taking advantage of the new measures.

a) Peter Loly (presenter) with Ian Cameron, ”Eigenproperties of an algebraic family
of compound magic squares of order n = 3l, l = 1, 2, 3..., and construction and
enumeration of their fundamental numerical forms”, CMS Winter Meeting 2009,
Windsor, Dec. 2009.

b) A.M. Rogers (presenter), with P.D. Loly and G.P.H. Styan: “Sums of Kronecker
Products for Compound Magic Squares - Eigenproperties”, WCLAM2008 (Western
Canada Linear Algebra Meeting, Winnipeg, May/June 2008), and

c) P.D. Loly (presenter), “Two Small Theorems for Square Matrices Rotated a Quarter
Turn”, WCLAM2008.

Website: http://home.cc.umanitoba.ca/˜ loly/

T.A. Osborn

My research program aims to achieve a unification of classical and quantum mechan-
ics in a common mathematical framework. The theory that emerges (quantum phase
space, QPS) is an altered version of classical phase space in which the usual commuta-
tive product of functions is deformed (as Planck’s constant varies away from zero) into
a noncommutative (star) product. With this one structural modification it is possible
to state the full content of quantum mechanics as a noncommutative phase-space theory.
In this setting, the Schrödinger wave function never arises, Hilbert space operators are
represented by phase-space (Wigner) distributions, and quantum expectation values are
given by integrals over phase space. This unification via QPS provides an alternate, au-
tonomous statement of quantum mechanics that clarifies its content and interpretation
and at the same time provides a new computational platform that has many parallels to
that of classical mechanics.
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A series of papers have investigated the quantization of charged particle systems mov-
ing in time dependent inhomogeneous magnetic fields on both flat and curved manifolds.
This joint work with Mikhail Karasev has developed a QPS representation that is both
gauge and geometrically covariant and has an exact star product determined by a sym-
plectic area phase. The resulting quantum phase space that arises has a curvature which
is a function of the electromagnetic field entangled with the Riemannian curvature. The
discovery of this quantization induced curvature raises a variety of questions: Is this cur-
vature really a part of nature? Can it be measured? Ongoing projects aim at establishing
the ways this curvature can be detected.

A second theme in my current research applies the general concepts and methods of
noncommutative phase space to problems in quantum optics. This new research direction
is undertaken with Karl-Peter Marzlin (St. Francis Xavier). At present, a paper that
obtains an exact solution to quantum dynamics for Kerr type nonlinear optical media
is complete. For squeezed states, this work predicts a detectable, half-period resonance-
like phenomena. Currently we aim to extend this program by 1) including multimode
phenomena in nonlinear quantum optics, 2) obtaining QPS representations of photon
entanglement, and 3) developing a quantum phase-space theory for open quantum optical
systems coupled to a heat bath.

S. Plosker

Quantum cryptography, quantum error correction, quantum probability measures, entan-
glement theory.

S. Safi-Harb

My research is focussed on the study of supernova remnants (SNRs) and associated phe-
nomena. These include neutron stars, pulsar wind nebulae, and the interaction of these
objects with the interstellar medium. The science goals of my program are targeted to
understand the aftermath of a supernova explosion, the growing diversity of neutron stars
(including magnetars), their relativistic outflows, their evolution and interaction with
their hosting supernova remnant shells, and the acceleration of cosmic rays at supernova
shocks up to very high energies. My program makes use of multi-wavelength observa-
tions from radio to very high-energies, with current focus on X-ray data acquired with
NASA’s Chandra and ESA’s XMM-Newton telescopes. As well, my team includes numeri-
cists/theorists developing models and performing state-of-the-art numerical simulations
to apply to data. I am also a member of the upcoming international, JAXA-led, ASTRO-
H X-ray mission to be launched in 2015 and that will study the high-energy universe with
unprecedented spectral resolution and a broadband (0.5-600 keV) energy band. Funding
has been provided by NSERC through the Canada Research Chairs and Discovery Grants
Programs, the Canadian Institute for Theoretical Physics, the Canadian Space Agency,
the Canada Foundation for Innovation and Manitoba’s Research and Innovation Fund.
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A. Shalchi

A fundamental problem in astrophysics is the interaction between space plasmas and en-
ergetic particles. Space plasmas can be found in any astrophysical scenario. This could
be the plasma of the solar wind or the interstellar medium. Examples for energetic parti-
cles are the so-called Solar Energetic Particles (SEPs) and Cosmic Rays. These particles
experience strong scattering while they propagate through the interplanetary or inter-
stellar space. Describing these scattering effects theoretically is important to understand
the motion of Cosmic Rays through the Universe and the mechanism of diffusive shock
acceleration. The latter mechanism is important for understanding the origin of cosmic
radiation.

In recent years we have achieved a more complete understanding of the fundamental
scattering mechanisms due to the development of computer simulations and nonlinear
diffusion theories. Currently, our research team explores these scattering mechanisms to
achieve further progress in the theory of charged particle transport by using numerical and
analytical tools. The results are applied to different physical scenarios such as Cosmic
Ray propagation and acceleration of particles at interplanetary shocks and supernova
remnants.

Khodr M. Shamseddine

My research interests and activities include various areas of non-Arch imedean Analysis:
power series and analytic functions, measure theory and integration, optimization, exis-
tence and uniqueness of solutions of differential equations, complex analysis, multivariable
analysis, and functional analysis. The focus of my research has been on the Levi-Civita
fields which were first introduced by the Italian mathematician Tullio Levi-Civita at the
end of the nineteenth century. Of those Levi-Civita fields, one (which we denote by R)
is of particular interest; it is shown to be the smallest non-Archimedean field extension
of the real numbers that is complete in the order topology and real closed. In fact, R is
small enough so that the numbers of the field can be implemented on a computer; and this
allows for many useful applications, one of which is the fast and accurate computation of
the derivatives of real-valued functions up to high orders. Such computational applica-
tions are not possible with the structures of the field of Non-Standard Analysis. While in
the latter discipline, there is a generally valid transfer principle that allows the transfor-
mation of known results of conventional analysis, here all relevant calculus theorems are
developed separately. Moreover, the Levi-Civita field R is not only non-Archimedeanly
valued but it also has a total order (which is also non-Archimedean) yielding a richer
structure, thus opening upavailable in other non-Archimedean valued fields like the p-
adic fields for example. This makes R an outstanding example, worth to be studied in
detail in its own right. new possibilities of study, like monotonicity, which are not avail-
able in other non-Archimedean valued fields like the p-adic fields for example. This makes
R an outstanding example, worth to be studied in detail in its own right.

We have studied convergence of sequences and series in two different topologies, which
led to an exhaustive study of power series. A handful of people had investigated power se-
ries on the Levi-Civita fields before, but all the previous studies had been restricted to the
special case of power series with real coefficients. We have dropped that restriction and
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showed that power series on Levi-Civita fields have all the nice smoothness properties that
real power series have. In particular, they satisfy the intermediate value theorem, the ex-
treme value theorem, and the mean value theorem; they are infinitely often differentiable;
and they are re-expandable around any point within their domain of convergence.

While it is a known fact that conventional continuity or differentiability are not suf-
ficient to guarantee that a function on a closed interval of a non-Archimedean field be
bounded or satisfy any of the common theorems of real calculus, we have shown that
under mild conditions, differentiability is sufficient for the function to assume all interme-
diate values and have a differentiable inverse function. We also showed that conventional
differentiability is not the right one to study optimization questions on non-Archimedean
fields in general; and based on a stronger concept of differentiability, we studied finite-
dimensional optimization both with and without constraints. In both cases, we derived
necessary and sufficient conditions of first and second order for a function to have a local
minimum (or maximum) at a point of its domain.

We developed a measure theory and integration on the Levi-Civita field R. We intro-
duced a measure that proved to be a natural generalization of the Lebesgue measure on
the field of the real numbers and to have similar properties. Then we introduced a family
of simple functions from which we obtained a larger family of measurable functions. We
showed how to integrate measurable functions over measurable sets, and we showed that
the resulting integral satisfies similar properties to those of the Lebesgue integral of Real
Analysis.

We studied existence and uniqueness of solutions of ordinary differential equations
(ODE’s) overR. In particular, we showed that an ODE of the form [y′(t) = f(y, t); y(a) =
y0], with f(y, t) infinitely often derivate differentiable, admits a solution that is itself
infinitely often derivate differentiable and that the solution so obtained is unique among
all the infinitely often derivate differentibale functions.

We studied two topologies on R: the valuation topology induced by the order on the
field, and another weaker topology induced by a family of seminorms, which we call weak
topology. We showed that each of the two topologies results from a metric on R, that
the valuation topology is not a vector topology while the weak topology is, and that R is
complete in the valuation topology while it is not in the weak topology. Then we studied
the properties of both topologies in detail; in particular, we gave simple characterizations
of open, closed, and compact sets in both topologies. Finally, we showed that the metric
which induces the weak topology is translation invariant.

Most recently, together with two collaborators from Chile, we developed an operator
Theory on a Banach space over C := R⊕ iR. Let c0 denote the space of all null sequences
x = (an), an ∈ C. The natural inner product on c0 induces the sup-norm of c0. We
showed that c0 is not orthomodular then we characterized those closed subspaces of c0

with an orthonormal complement with respect to the inner product; that is, those closed
subspaces M of c0 such that c0 = M⊕M⊥. Such a subspace, together with its orthonormal
complement, defines a special kind of projection, the so-called normal projection. We
presented a characterization of such normal projections as well as a characterization of
other kinds of operators, the self-adjoint and compact operators on c0. Then we worked
on some B∗-algebras of operators, including those mentioned above; we studied normal
and Hilbert-Schmidt operators; and finally, we studied the properties of positive operators
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on c0, which we then used to introduce a partial order on the B∗-algebra of compact and
self-adjoint operators on c0 and studied the properties of that partial order.

B.W. Southern

Nanomagnetism

The study of magnetism in confined geometries has produced much new science and
many technical applications in the past thirty years and will continue to be a reward-
ing area of research yielding applications in the foreseeable future. Confined systems
that exhibit novel properties often consist of dissimilar materials that include at least
one or more magnetic component (ferromagnetic, antiferromagnetic, etc.). A fundamen-
tal understanding of nanomagnetism will lead to the development of integrated systems
with complex structures and architectures that possess new functionalities. Controlled
release of drugs from nanostructured functional materials, especially nanoparticles, is
attracting increasing attention because of the opportunities in cancer therapy and the
treatment of other ailments. The potential of magnetic nanoparticles stems from the
intrinsic properties of their magnetic cores combined with their drug loading capability
and the biochemical properties that can be bestowed on them by means of a suitable
coating. Magnetic properties at interfaces and surfaces, which make up a large fraction of
nanostructured and confined materials, can be qualitatively different from those of bulk
systems. Fundamental to understanding these differences is understanding the evolution
of the magnetism as the structural scale descends from the bulk to the nanoscale. Due
to reduced symmetry, the magnetic anisotropy at a surface or interface can be orders
of magnitude larger than in the bulk. This result can lead to magnetic frustration and
reorientation of the magnetization at the surface and interface. For example, when in con-
tact with an antiferromagnet, the properties of a ferromagnet change dramatically; the
coercive field is enhanced and, the magnetization curve can become asymmetric showing
the exchange bias effect. My research is investigating the complex atomic spin structure
of magnetic nanostructures using both analytic and computational approaches in order
to gain a fundamental understanding of nanomagnetism.

J. P. Svenne

Our current work involves work with a multi-channel algebraic system (MCAS) to study
scattering of nucleons from light nuclei, and reactions initiated by such. This is a
four-continent collaboration with Drs. L. Canton, G. Pisent (Padova University, Italy),
S. Karataglidis (University of Johannesburg, S.A.) and K. Amos, Paul R. Fraser (now at
Padova, It.) and D. van der Knijff (Melbourne University, Australia). The theory uses
expansions in Sturmian functions of the channel-coupling interactions, leading to an alge-
braic solution of the coupled integral equations of the multichannel problem. This enables
us to allow for the Pauli principle in the context of a collective model description of the
target nucleus, by the use of orthogonalizing pseudo-potentials. The algebraic solution
provides us a method of locating all resonances, no matter how narrow, as well as all
bound states of the compound system, without the use of an excessively fine energy step
sizes. Satisfying the Pauli principle is an essential aspect of the theory, as it removes any

16



spuriosity, in both bound states and resonances and thus provides a theoretical formula-
tion of the scattering problem that has predictive power. The results of the calculations
can also be used to give accurate interpretation of the nuclear structure of the target
nucleus and the compound system. Our first work was on the well-studied, both theo-
retically and experimentally, nucleus 12C, with scattering by both neutrons and protons,
with inclusion of the Coulomb force. The results compare very well with experiment. We
are now working on other light and medium mass nuclear systems including systems well
away from the valley of stability. We use the method of mirror nuclei to reach proton-rich
nuclei at or near the proton drip line. A “proof of concept” paper for the MCAS method
[K. Amos, et al, Nuclear Physics A728, 65 (2003)] was our publication in 2006 [L. Canton
et al,Phys. Rev. Letters, 96, 072502 (2006)], where we predicted narrow states in the
proton-unstable nucleus 15F, whose existence were confirmed in 2009 [Mukha, et al, Phys.
Rev. C 79, 061301 (2009)]. Two new developments are our ability, now, to consider
systems in which the target nuclei may have particle-unstable excited states, and the
ability to apply MCAS to study hypernuclei. The first has been published in a Physical
Review Letter and in the Mexican J. of Physics (see publication list, below). The work
on hypernuclei has been published in the International Journal of Modern Physics.

G. Tabisz

My research interests involve the theoretical and experimental study of the interaction of
light with molecules with the aim of obtaining information on intra- and inter- molecular
dynamical processes. Current areas of special interest are nonlinear optical rotation effects
in chiral molecules and the theory of collision-broadened spectral line shapes.

J.M. Vail

My research is concerned with developing and applying methods to simulate the prop-
erties of solid materials. Reliable simulation is an important complement to experiment
in studying material properties where subtle variations of chemical composition, crystal
structure, electronic configuration, and disorder are crucial, or where time scales, and
temperature and pressure regimes are experimentally inaccessible. In 1984, with collab-
orators, we made a major advance in the atomistic simulation of point defects in ionic
materials by combining accurate electronic structure methods for the defect with total
energy analysis of the crystal. The method includes physically consistent boundary con-
ditions, the quantum-mechanical ion-size effect, and lattice distortion and polarization,
and is embodied in an automated user-friendly program. The method has been applied
to charge state and structural stability of defect complexes, optical and spin resonance
properties of color centers and impurities, local modification of valence and conduction
band edges by impurities, derivation of effective interatomic forces, hole trapping and
electron loss by impurities in oxides, local phonon mode frequencies, and classical and
quantum diffusion.

Our current principal research activity is on the point defect properties in aluminum
nitride, and on graphene structured systems.
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D.W. Vincent

My general research interests lie in gravitation theory and early universe cosmology. I am
currently involved with calculations on multidimensional cosmology solutions of Einstein’s
equations, which have relevance to the cosmological constant problem, the Anthropic
Principle, and the Many-Worlds approach to quantum cosmology .

M. Whitmore

My research group does theoretical studies of soft condensed matter systems, inparticular
inhomogeneous copolymer systems, end-tethered polymers, and phospholipid membranes.
Both ofthese classes of molecules have relatively high molecular weights, havechemically
distinct sections, and are chain-like in structure. The copolymer and phospholipidsystems
can self-assemble to form complex nano-scale structures, and undergo subtle phasetransi-
tions. The end-tethered polymers can be used to stabilize colloids, control the properties of
functional surfaces, and control transport properties inside microtubles. Our approach is
theoretical and computational, using a variety of techniques including self-consistent field
theory and, with our collaborators, Monte Carlo and molecular dynamics simulations.In
the areas of copolymers, current work is on the analysis of cylinder-forming polymers,
and the use of fluorescence decay measurements to extract detailed interfacial properties
in these systems. Our work on end-tethered polymers is on universal control parameters
of polymers inside microtubles, and flow through these and other related systems.

J.G. Williams

One of the developing trends in general relativity has been the interest in global, as
opposed to local, properties of spacetime. My current research includes spacetimes ad-
mitting gravity kinks, i.e. light cone configurations for which the cones tip over an integral
number of times. Progress to date includes a kink classification for noncompact product
spacetimes in both 3+1 and 2+1 dimensions and the construction of a covariant kink
counting number formula in 1+1 dimensions that is related to the Gauss-Bonnet theorem
and Morse’s Law of Vector Fields. More recently, I have been studying aspects of a new
approach to general relativity due to Ted Newman and his group: the null surface for-
mulation. In this approach, it is the intersection of the light cone with null infinity, the
so-called light cone cut, that plays the major role. The metric is no longer a fundamental
quantity, but is derivable (to within a conformal factor) from the light cone cut function.
Progress to-date includes the explicit construction of a light cone cut function for a (2+1)-
dimensional Friedman-Robertson-Walker spacetime and the calculation of the standard
NSF functions for this model. Future effort will be directed towards the construction of
such cut functions for asymptotically flat spacetimes and the analysis of any resulting
singularities.
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4 Research Activities

4.1 Seminars: 2009-2013
Date Speaker Title
Sep. 27, 2013 T. Jones “The Interplay of Shocks, Turbulence and Magnetic Fields in

the Formation of Galaxy Clusters”
Aug. 9, 2013 D. Garfinkle “Collapse of a Massive Scalar field in AdS”
Apr. 10, 2013 K. Shamseddine “Characterization of compact and self-adjoint operators,

and study of positive operators on a Banach space over a
non-Archimedean field”

Feb. 1, 2013 S. Bacca “From Nuclear Forces to Nuclei”
Nov. 8, 2012 K. Dasgupta “A UV complete model of large N thermal QCD”
Aug. 16, 2012 E. Hatefi “Critical Collapse in the Axion-Dilaton system

in Diverse Dimensions”
Aug. 15, 2012 J. Babb “Conformal AdS Dumb Holes and Their

Quasinormal Mode Spectrum ”
May 25, 2012 H. Maeda “Gauss-Bonnet Braneworld Redux: Novel Scenario

for the Bouncing Universe”
Apr. 4, 2012, J. Louko “Probing a Quantum Field by a Nonstationary Detector ”
Feb. 16, 2012 Robert Brandenberger ”Searching for Cosmic Strings in New Observational Windows”
Nov. 11 2011 A. Ghosh “The Fluid-Gravity Correspondence and Dumb Holes”
Jan. 17 2011 J. Whitehead “Microdomain Formation in Ultra-Thin Magnetic Films”’
Nov. 24, 2010 J. Medved “A Ghost in the Machinery”
Nov. 5, 2010 A. Nielsen “Black Holes and the Laws of Physics”
Feb 25 2009 L. Canton ”Application of the Multi-Channel Algebraic Scattering Formalism

to the Spectroscopy of Hypernuclei”
Mar 26 2009 M. Plumer ”Landau Theory of the Magnetic Phase Diagram

of Magnetoelectric CuFe02”
May 7, 2009 J.W. Moffat ”Observationally Verifiable Predictions of Modified Gravity”
May 7, 2009 J. W. Moffat ”Einstein’s Big Ideas”
May 8, 2009 J.W. Moffat ”Redesigning Electroweak Theory: Does the Higgs Particle Exist?”
May 21, 2009 Hideki Maedi ”Self-similar growth of black holes in the Friedmann universe”
July 20, 2009 Brian Dolan ”Equivariant Dimensional Reduction and Quiver Gauge Theory”
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4.2 Visitors: 2009-2013
Date Visitor Institution Host
Sept. 26-27, 2013 Tom Jones University of Minnesota S. Safi-Harb
Aug. 7-10, 2013 David Garfinkle Oakland University G. Kunstatter
Jan. 31- Feb. 2, 2013 Sonia Bacca TRIUMF J. Svenne
Nov. 7-10, 2012 Keshav Dasgupta McGill University A. Frey
Aug. 15-20, 2012 Ehsan Hatefi I.C.T.P., Trieste G. Kunstatter/A. Frey
May 21-June 5, 2012 Hideki Maeda C.E.C.s., Chile G. Kunstatter
April 1-9, 2012 Jorma Louko University of Nottingham, U.K. G. Kunstatter
Feb. 16-18, 2012 R. Brandenberger McGill Univeresity G. Kunstatter/A. Frey
Jan.-Apr., 2012 R. Daghigh Metropolitan State University G. Kunstatter
Nov. 8-12, 2011 Archisman Ghosh University of Kentucky G. Kunstatter
July 1-July 15, 2011 Luciano Canton INFN, Sezione di Padova, Italy J. Svenne
Jan 14-18, 2011 John Whitehead Memorial University B. Southern
Nov 21-Nov27, 2010 Joey Medved KIAS, South Korea G. Kunstatter
Oct 31-Nov 6, 2010 Alex Nielsen Max Planck Institute G. Kunstatter
June 20-July 4, 2010 Luciano Canton INFN, Sezione di Padova, Italy J. Svenne
May - June 2010 Zhoufei Wang South China Agricultural University,

Guangzhou, China J. Vail
July 19-20 2009 Brian Dolan National University of Ireland G. Kunstatter
May 17-23 2009 Hideki Maedi CECS, Chile G. Kunstatter
May 7-8 2009 J. W. Moffat Perimeter Institute G. Kunstatter
Mar 26-28 2009 M. Plumer Memorial University B. Southern
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4.3 Summer Student Symposium 2013

In August 2013, the WITP held its second Summer Student Symposium at the Univer-
sity of Manitoba. Graduate students and undergraduate students working with WITP
members between May and August were invited to give a short oral presentation of their
work in a somewhat formal but friendly setting. It was a one day event with coffee and
lunch provided for all speakers and attendees. The symposium was a great success with
about forty people attending altogether. It provided the students, and the WITP, an
opportunity to showcase the world class research in theoretical physics that is being done
in Manitoba. With the success of this event in its first two years, we plan to make it an
annual event.

The schedule of talks is given in the Appendix to this report.

4.4 Conferences

• The 12th International Conference on p-Adic Functional Analysis was held at the
University of Manitoba from July 2-6, 2012. The WITP provided financial support
of $1200 for the conference. WITP member K.M. Shamseddine was the organizer
of the conference and the editor of the proceedings, which were published in 2013
by the journal Contemporary Mathematics of the American Mathematical Society.

• The WITP also provide modest support in recent years for several national theo-
retical physics conferences:

– Theory Canada V, UNB, Fredericton 2009 ($517.39).

– 13th Canadian Conference on General Relativity and Relativistic Astrophysics,
Calgary, AB, 2009 ($200.00).

– Canadian Prairie Theoretical Physics Network meeting, Lethbridge, AB, 2010
($1,000.00).

– Theory Canada VII, Lethbridge, AB, 2012 ($400).

• A. Frey, G. Kunstatter, and D. Vincent are organizing the 15th Canadian Confer-
ence on General Relativity and Relativistic Astrophysics to be held in Winnipeg
during May 2014. Ten leading national and international physicists in the field have
committed to coming as plenary lecturers. This biennial national conference was
last held in Winnipeg in 1991. The WITP has committed $2000 to this conference.

4.5 Graduate Degrees Supervised

1. Harsha S. Kumar (2013), “X-ray studies of highly magnetized neutron stars and
their environs,” Ph.D. thesis (Safi-Harb).

2. Tim Taves (2013), “Black Hole Formation in Lovelock Gravity,” Ph.D. thesis (Kun-
statter).

3. Adam Rogers (2012), “Gravitational Lens Modeling with Iterative Source Deconvo-
lution and Global Optimization of Lens Density Parameters,” Ph.D. thesis (Fiege)
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4. Heather Champion (2012), M.Sc. thesis (co-supervisors: J. Fiege with B. McCurdy,
Manitoba).

5. Alex Mirza (2012), “Thermal Field Theory and the Hard Thermal Loop Resumma-
tion,” M.Sc. thesis (Carrington).

6. Usman Chowdhury (2009), “Cutting Rules for Feynman Diagrams at Finite Tem-
perature,” M.Sc. thesis (Carrington and Kobes).

7. Paul Fraser (2009), “Development and application of a multi-channel algebraic the-
ory for nucleon-nucleus scattering,” Ph. D. thesis, Melbourne University (supervi-
sor: Ken Amos, co-supervisors: J.P. Svenne, L. Canton, S. Karataglidis)

8. Jonathan Ziprick (2009), “Singularity resolution and dynamical black holes,” M.Sc.
thesis (Kunstatter)

4.6 Publications of Permanent Members

M.E. Alexander

1. Zhang, M. Alexander, L. Ryner. Synchronized 2D/3D optical mapping for interac-
tive exploration and real-time visualization of multi-function neurological images.
Computerized Medical Imaging and Graphics. In Press, Aug. 2013.

2. M.E. Alexander, R. Kobes. “Effects of vaccination and population structure on
influenza epidemic spread in the presence of two circulating strains.” BMC Public
Health, 11 (Suppl 1), S8 (2011).

3. B. Schattka, M. Alexander, S. Low Ying, A. Man, R.A. Shaw. “Metabolic fin-
gerprinting of biofluids by infrared spectroscopy: Modeling and optimization of
flow rates for laminar fluid diffusion interface sample preconditioning.” Analytical
Chemistry 83 (2): 555 (2011).

4. Murray E. Alexander, Randy Kobes, ”Generating and solving the mean field and
pair approximation equations in epidemiological models” (submitted to Computer
Physics Communications) ; arXiv:1007.2883.

5. Murray E. Alexander, Randy Kobes, ”Expansion of the conditional probability func-
tion in a network with nearest-neighbour degree correlations” (submitted to Phys.
Rev. E); arXiv:1007.0717

6. M.E. Alexander, S.M. Dietrich, Y. Hua, and S.M. Moghadas. “A comparative
evaluation of modelling strategies for the effect of treatment and host interactions
on the spread of drug resistance,” J. Theor. Biol. 259, 253 (2009).

7. T.J. Vincent, J.D. Thiessen, L.M. Kurjewicz, S.L. Germscheid, A.J.. Turner, P
Zhilkin, M.E. Alexander, M. Martin. “Longitudinal Brain Size Measurements in
APP/PS1 Transgenic Mice,” Magnetic Resonance Insights 4, 1 (2010).
Under Review
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8. M.E. Alexander, M. Mercredi. “A model for cell migration in competing chemotac-
tant fields,” Submitted: Canadian Applied Math Quarterly (October 2013).

9. B. Dietz, E. Elhami, M. Alexander, “Registration of positron emission tomography
and magnetic resonance imaging for use in stem cell quantification studies of the
infarcted myocardium,” Submitted: Phys. Med. Biol. (Oct. 2013).

10. R. Bergen, H. Lin, M. Alexander, and C. Bidinosti. “4-D MR phase and magnitude
segmentations with GPU parallel computing,”. Submitted Magnetic Resonance
Imaging (Nov. 2013).

P.G. Blunden

1. N. L. Hall, P. G. Blunden, W. Melnitchouk, A. W. Thomas and R. D. Young, “Con-
strained gamma-Z interference corrections to parity-violating electron scattering,”
Phys. Rev. D 88, 013011 (2013)

2. P. G. Blunden, W. Melnitchouk and A. W. Thomas, “γ−Z box corrections to weak
charges of heavy nuclei in atomic parity violation,” Phys. Rev. Lett. 109, 262301
(2012).

3. J. Arrington, P. G. Blunden and W. Melnitchouk, “Review of two-photon exchange
in electron scattering,” Prog. Part. Nucl. Phys. 66, 782 (2011).

4. P. G. Blunden, W. Melnitchouk and A. W. Thomas, “New formulation of gamma-Z
box corrections to the weak charge of the proton,” Phys. Rev. Lett. 107, 081801
(2011).

5. A. Sibirtsev, P. G. Blunden, W. Melnitchouk and A. W. Thomas, “gamma-Z cor-
rections to forward-angle parity-violating e-p scattering,” Phys. Rev. D 82, 013011
(2010).

6. P. G. Blunden, W. Melnitchouk and J. A. Tjon, “Two-photon exchange corrections
to the pion form factor,” Phys. Rev. C 81, 018202 (2010).

7. J. A. Tjon, P. G. Blunden and W. Melnitchouk, “Detailed analysis of two-boson
exchange in parity-violating e-p scattering,” Phys. Rev. C 79, 055201 (2009).

8. A. Aleksejevs, S. Barkanova and P. G. Blunden, “Computational model for electron-
nucleon scattering and weak charge of the nucleon,” J. Phys. G 36, 045101 (2009).

Conference Proceedings and Talks

9. P. G. Blunden, “gamma Z exchange corrections in parity-violating electron scatter-
ing,” AIP Conf. Proc. 1374, 515 (2011).

10. P. G. Blunden, “Two-photon exchange in elastic electron-proton scattering: Theo-
retical issues,” AIP Conf. Proc. 1160, 8 (2009).
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M. E. Carrington

1. “Bethe-Salpeter Equations from the 4PI effective action,” M.E. Carrington, WeiJie
Fu, T. Fugleberg, D. Pickering and I. Russel, Phys. Rev. D. 88, 085024 (2013) -
arXiv:1310.3295.

2. “Results from the 4PI effective action in 2- and 3-dimensions,” M. E. Carrington,
Wei-Jie Fu, Eur. Phys. J. C, 73, 2399 (2013) - arXiv:1202.3165.

3. “Thermal field theory at next-to-leading order in the hard thermal loop expansion,”
A. Mirza and M.E. Carrington, Phys. Rev. D. 87, 065008 (2013) - arXiv:1302.3796.

4. “Renormalization group flow equations connected to the nPI effective action,” M.E.
Carrington, Phys. Rev. D. 87, 045011 (2013) - arXiv:1211.4127.

5. “A New Method to Calculate the n-Particle Irreducible Effective Action,” M.E.
Carrington and Yun Guo, Phys. Rev. D 85, 076008 (2012) - arXiv:1109.5169.

6. “A New Method to Calculate the n-Particle Irreducible Effective Action,” M.E.
Carrington and Yun Guo, Phys. Rev. D 85, 076008 (2012) - arXiv:1109.5169.

7. “Perturbative and Nonperturbative Kolmogorov Turbulence in a Gluon Plasma,”
M.E. Carrington and A Rebhan, Eur. Phys J. C 71, 1787 (2011) - arXiv:1011.0393.

8. “Geometrical Entanglement of Highly Symmetric Multipartite States and the Schmidt
Decomposition,” D Buhr, M E Carrington, T Fugleberg, R Kobes, G Kunstatter,
D McGillis, C Pugh and D Ryckman, J. Phys. A: Math. Theor. 44, 365305 (2011)
- arXiv:1104.3159.

9. “Techniques for n-Particle Irreducible Effective Theories,” M.E. Carrington and Yun
Guo, Phys. Rev. D83, 016006 (2011) - arXiv:1010.2978.

10. “Geometric measures of entanglement and the Schmidt decomposition,” M.E. Car-
rington, R. Kobes, G. Kunstatter, D. Ostapchuk and G. Passante, J. Phys. A:
Math. Theor. 43, 5302 (2010) - arXiv:1003.4755.

11. “Next-to-Leading Order Transport Coefficients from the Four-Particle Irreducible
Effective Action,” M.E. Carrington and E. Kovalchuk, Phys. Rev. D 81, 065017
(2010) - arXiv:0912.3149.

12. “On the imaginary part of the next-to-leading-order static gluon self-energy in an
anisotropic non-Abelian plasma ,” M.E. Carrington and A. Rebhan, Phys. Rev. D
80, 065035 (2009) - arXiv:0906.5220.

13. “Leading Order QCD Shear Viscosity from the 3PI Effective Action,” M. E. Car-
rington and E. Kovalchuk, Phys. Rev. D 80, 085013 (2009) - arXiv:0906.1140.

14. “Next-to-leading Order Static Gluon Self-energy for Anisotropic Plasmas,” M.E.
Carrington and A. Rebhan, Phys. Rev. D 79, 025018 (2009) - arXiv:0810.4799.

Submitted Articles
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15. “ 4-point vertices from the 2PI and 4PI Effective Actions,” M.E. Carrington, Wei-Jie
Fu, P. Mikula and D. Pickering, arXiv:1310.4352.

Refereed Proceedings

16. “Parton Energy Loss in the Extremely Prolate Quark-Gluon Plasma, Margaret E.
Carrington, Katarzyna Deja, Stanislaw Mrowczynski (contribution to the proceed-
ings of Xth Quark Confinement and the Hadron Spectrum, Munich, Germany, Oc-
tober 8-12, 2012), PoS (Confinement X) 175 (2013) - arXiv:1301.4563.

17. “Parton Energy Loss in Two-Stream Plasma System,” M.E. Carrington, K. Deja,
St. Mrówczyński (contribution to the proceedings of the Conference on Strangeness
in Quark Matter, Cracow, Poland, September 18-24, 2011), Acta Physica Polonica
B, Proceedings Supplement 5, 343 (2012) - arXiv:1202.3165.

18. “Parton Energy Loss in an Unstable Quark-Gluon Plasma,” M.E. Carrington, K.
Deja and S. Mrówczyński (contribution to the proceedings of the HIC for FAIR
Workshop and XXVIII Max Born Symposium), Acta Physica Polonica B, Proceed-
ings Supplement 5, 947 (2012) - arXiv:1110.4846.

19. “Transport Coefficients and nPI Methods,” M.E. Carrington (contribution to the
proceedings of the HIC for FAIR Workshop and XXVIII Max Born Symposium),
Acta Physica Polonica B - Proceedings Supplement 5, 659 (2012) - arXiv:1110.1238.

20. “QED Electrical Conductivity from the 3PI Effective Action,” M.E. Carrington,
Proceedings of the 7th International Conference on Strong and Electroweak Matter
2008 - SEWM 2008, Nucl. Phy. A820, 135 (2009).

T. Chakraborty

1. Vadim Apalkov & T. Chakraborty, Europhys. Lett. 100, 67008 (2012)

2. V. Apalkov & T. Chakraborty, Europhys. Lett. 100, 17002 (2012)

3. Vadim Apalkov & T. Chakraborty, Phys. Rev. B 86, 035401 (2012)

4. A. Manaselyan, A. Ghazaryan & T. Chakraborty, Europhys. Lett. 99, 17009 (2012)

5. S. Avetisyan, P. Pietiläinen, & T. Chakraborty, Phys. Rev. B 85, 153301 (2012)
(Erratum: Phys. Rev. B 86, 269901 (E))

6. Vadim Apalkov & T. Chakraborty, Phys. Rev. Lett. 108, 169702 (2012)

7. Tapash Chakraborty & Klaus von Klitzing Physics in Canada 67, 161 (2011)

8. Julia Berashevich & Tapash Chakraborty, J. Phys. Chem. C 115, 24666 (2011)

9. Vadim Apalkov & T. Chakraborty, Phys. Rev. Lett. 107, 186801 (2011)

10. Vadim Apalkov & Tapash Chakraborty, Phys. Rev. Lett. 107, 186803 (2011)
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11. V. Apalkov & Tapash Chakraborty, Phys. Rev. B 84, 033408 (2011)

12. Julia Berashevich & Tapash Chakraborty, Phys. Rev. B 84, 033403 (2011)

13. V. Apalkov & Tapash Chakraborty, Europhys. Lett. 95, 17008 (2011)

14. Julia Berashevich & Tapash Chakraborty, Phys. Rev. B 83, 195442 (2011)

15. Aram Manaselyan & Tapash Chakraborty, Europhys. Lett. 94, 57005 (2011)

16. Julia Berashevich & Tapash Chakraborty, Europhys. Lett. 93, 47007 (2011)

17. D.S.L. Abergel & Tapash Chakraborty, Nanotechnology 22, 015203 (2011)

18. T. Chakraborty, Physics in Canada 66, 289 (2010)

19. X.F. Wang, T. Chakraborty & J. Berashevich, Nanotechnology 21, 485101 (2010)

20. D.S.L. Abergel & T. Chakraborty, Phys. Rev. B 82, 161409(R) (Rapid Commun.)
(2010)

21. Julia Berashevich & T. Chakraborty, Phys. Rev. B 82, 134415 (2010)

22. Aram Manaselyan & T. Chakraborty, Nanotechnology 21, 355401 (2010)

23. Julia Berashevich & T. Chakraborty, Nanotechnology 21, 355201 (2010)

24. V. Apalkov & T. Chakraborty, Phys. Rev. Lett. 105, 036801 (2010)

25. D.S.L. Abergel, V. Apalkov, J. Berashevich, K. Ziegler, & T. Chakraborty, Advances
in Physics 59, 261 - 482 (2010)

26. Julia Berashevich & T. Chakraborty, Phys. Rev. B 81, 205431 (2010)

27. N. Edirisinghe, V. Apalkov, J. Berashevich, & T. Chakraborty, Nanotechnology 21,
245101 (2010)

28. V. Apalkov, J. Berashevich, & T. Chakraborty, J. Chem. Phys. 132, 085102 (2010)

29. X.F. Wang & T. Chakraborty, Phys. Rev. B 81, 081402(R) (Rapid Commun.)
(2010)

30. Aram Manaselyan & T. Chakraborty, Europhys. Lett. 88, 17003 (2009)

31. Julia Berashevich & T. Chakraborty, Phys. Rev. B 80, 115430 (2009)

32. D.S.L. Abergel & T. Chakraborty, Appl. Phys. Lett. 95, 062107 (2009)

33. D.S.L. Abergel, P. Pietiläinen, & T. Chakraborty, Phys. Rev. B 80, 081408(R)
(Rapid Commun.) (2009)

34. Julia Berashevich & T. Chakraborty, Phys. Rev. B 80, 033404 (2009)

35. D.S.L. Abergel & T. Chakraborty, Phys. Rev. Lett. 102, 056807 (2009)

36. Julia Berashevich & T. Chakraborty, J. Chem. Phys. 130, 015101 (2009)
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J. Fiege

1. Danos, R. J., Fiege, J. D., & Shalchi, A. 2013, Ap.J., 772, 35

2. Hull, C. L. H., Plambeck, R. L., Bolatto, A. D., et al. 2013, Ap.J., 768, 159

3. Rogers, A. and Fiege, J. D., 2011, Ap. J., 759, 27, Global Optimization methods
for Gravitational Lens Systems with Regularized Sources

4. Rogers, A. and Fiege, J. D., 2011, Ap.J., 743, 68, Strong Gravitational Lens Mod-
eling with Spatially Variant Point Spread Functions

5. Fiege, J., McCurdy, B., Potrebko, P., Cull, A., and Champion, H., 2011, Med. Phys.
38, 5217, A Novel Evolutionary Optimization Approach to Multi Objective IMRT
Planning

6. Rogers, A. and Fiege, J. D., 2011, Ap.J., 727, 80, Gravitational Lens Modeling with
Genetic Algorithms and Particle Swarm Optimizers (erratum: Ap.J., 737, 73)

Proceedings

7. Fiege, J., Champion, H., Potrebko, P., Cull, A., and McCurdy, B., Evolving and
Optimizing IMRT Treatment Plans with PARETO, AAPM/COMP meeting, 02
Aug. 2011, Vancouver, BC (oral + refereed abstract: Med. Phys. 38, 3740)

8. Champion, H., Fiege, J., Potrebko, P., Cull, A., and McCurdy, B., Investigation of
Fluence Parameterization Methods for PARETO, AAPM/COMP meeting, 31 Jul
2011, Vancouver, BC (poster + refereed abstract: Med. Phys. 38, 3688)

9. Fiege, J. D., Applications of a Multi Objective Genetic Algorithm to Data Modeling
Problems in Astrophysics, colloquium, University of Calgary, Feb. 17, 2011

10. Friesen, J., Rogers, A. and Fiege, J. D., 2011, JRASC, 105, 61, Challenging Einstein:
gravitational lensing as a test of general relativity (NSERC)

11. Baran, A., Fiege, J. D., Taylor, A. R., Foster, T., and Landecker, T., 2010, Noise
Characterization of the DRAO Synthesis Telescope: Measuring the Diffuse Polarized
Foreground of the ELAIS N1 Deep Field, in ASP Conference Series, The Dynamic
ISM: A Celebration of the CGPS, San Francisco: ASP

12. Fiege, J. D., 2010, Qubist Users Guide: Optimization, Data Modeling, and Visu-
alization with the Qubist Optimization Toolbox for MATLAB, (Winnipeg Canada:
nQube Technical Computing Corp.), 257 page book, ISBN: 978 0 9865559 0 9

13. English, J., Fiege, J., Wiegert, T., Koribalski, B., Kerzendorf, W., and Freeman,
K.C., 2010, The DiVAs Mask: Iconifying Galaxies and Revealing HI Anomalies, in
Galaxies and their Masks eds. Block, D.L., Freeman, K.C., and Puerari, I., 2010,
Springer (New York) Fiege, J., PIN: 160346 Page 3
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14. Fiege, J., McCurdy, B., Cull, A., Champion, H., and Potrebko, P., 2010, PARETO:
A Novel Evolutionary Optimization Approach to Multi Objective Radiotherapy
Planning, COMP 2010 *Oral Competition Finalist, Ottawa, ON (oral + refereed
abstract: Med. Phys. 37, 3907)

15. Champion, H., Fiege, J., Potrebko, P., Cull, A., and McCurdy, B., Validation of
IMRT Solutions for PARETO, COMP 2010, Ottawa, ON (oral + refereed abstract:
Med. Phys. 37, 3907)

16. Potrebko, P., McCurdy, B., Fiege, J., Champion, H., and Cull, A., Beam Orientation
Optimization for IMRT Treatment Planning Using PARETO, COMP 2010, Ottawa,
ON (poster + refereed abstract: Med. Phys. 37, 3898)

17. Potrebko, P., McCurdy, B., Fiege, J., and Cull, A., Improving IMRT Treatment
Planning Using Multi Objective Beam Orientation Optimization (poster + refereed
abstract: Med. Phys. 36, 4319)

18. Fiege, J. D., Astrophysical Data Modeling and Optimization with the Qubist Global
Optimization Toolbox for MATLAB, CASCA Meeting, Halifax, NS, May 24 27, 2010
(poster)

19. Fiege, J. D., Wiegert, T., English, J., GalAPAGOS: An Evolutionary Computing
Approach to Modeling Warped HI Galaxy Disks, May 28, 2010, CASCA Meeting,
Halifax, NS (oral)

20. Rogers, A. and Fiege, J. D., Modeling Gravitational Lens Systems with Genetic
Algorithms and Particle Swarm Methods, May 28, 2010, CASCA Meeting, Halifax,
NS (oral)

21. Baran, A., Fiege, J. D., Taylor, A. R., Foster, T., and Landecker, T., Diffuse Polar-
ized Foreground of the ELAIS N1 Deep Field, CASCA Meeting, Halifax, NS, May
24 27, 2010 (oral)

Patents

22. Provisional patent: Fiege, J., McCurdy, B., Cull, A., Champion, H., and Potrebko,
P., 07 June 2010, application number 61/352091, PARETO: Optimization and visu-
alization software for radiotherapy treatment planning (PCT Application, 07 June
2011)

A. R. Frey

1. A. R. Frey and J. Roberts, “The Dimensional Reduction and Kähler Metric of Forms
In Flux and Warping,” JHEP 1310, 021 (2013) [arXiv:1308.0323 [hep-th]].

2. A. R. Frey and N. B. Reid, “Cosmic Microwave Background Constraints on Dark
Matter Models of the Galactic Center 511 keV Signal,” Phys. Rev. D 87, 103508
(2013) [arXiv:1301.0819 [hep-ph]].
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3. J. M. Cline, A. R. Frey and G. D. Moore, “Composite magnetic dark matter and
the 130 GeV line,” Phys. Rev. D 86, 115013 (2012) [arXiv:1208.2685 [hep-ph]].

4. J. M. Cline and A. R. Frey, “Abelian dark matter models for 511 keV gamma
rays and direct detection,” Annalen Phys. 524, 579-590 (2012) [arXiv:1204.1965
[hep-ph]].

5. R. J. Danos, A. R. Frey and Y. Wang, “Canny Algorithm: A New Estimator for
Primordial Non-Gaussianities,” Phys. Rev. D 86, 043526 (2012) [arXiv:1108.2265
[astro-ph.CO]].

6. J. M. Cline and A. R. Frey, “Light dark matter versus astrophysical constraints,”
Phys. Lett. B 706, 384 (2011) [arXiv:1109.4639 [hep-ph]].

7. J. M. Cline and A. R. Frey, “Minimal hidden sector models for CoGeNT/DAMA
events,” Phys. Rev. D 84, 075003 (2011) [arXiv:1108.1391 [hep-ph]].

8. J. M. Cline, A. R. Frey and F. Chen, “Metastable dark matter mechanisms for
INTEGRAL 511 keV γ rays and DAMA/CoGeNT events,” Phys. Rev. D 83, 083511
(2011) [arXiv:1008.1784 [hep-ph]].

9. F. Chen, J. M. Cline, A. Fradette, A. R. Frey, and C. Rabideau, “Exciting dark
matter in the galactic center,” Phys. Rev. D 81, 043523 (2010) [arXiv:0911.2222
[hep-ph]].

10. A. R. Frey, R. J. Danos, and J. M. Cline, “Warped Kaluza-Klein Dark Matter,”
JHEP 0911, 102 (2009) [arXiv:0908.1387 [hep-th]].

11. F. Chen, J. M. Cline, and A. R. Frey, “Nonabelian dark matter: models and con-
straints,” Phys. Rev. D 80, 083516 (2009) [arXiv:0907.4746 [hep-ph]].

12. R. H. Brandenberger, A. R. Frey, and L. C. Lorenz, “Entropy fluctuations in brane
inflation models,” Int. J. Mod. Phys. A 24, 4327-4354 (2009) [arXiv:0712.2178 [hep-
th]].

13. F. Chen, J. M. Cline, and A. R. Frey, “A new twist on excited dark matter: impli-
cations for INTEGRAL, PAMELA/ATIC/PPB-BETS, DAMA,” Phys. Rev. D 79,
063530 (2009) [arXiv:0901.4327 [hep-ph]].

14. A. R. Frey, G. Torroba, B. Underwood, and M. R. Douglas, “The universal Kaehler
modulus in warped compactifications,” JHEP 0901, 036 (2009) [arXiv:0810.5768
[hep-th]].

Media Appearances

15. CKUW radio Dark Matter, Defined science talk show, 17 Oct 2013 (with G. Cher-
nitsky, J. Enns, and N. Reid).

16. CTV Winnipeg news segment, 14 March 2013.

Talks
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17. “Not-So-Dark Matter,” York University & University of North Dakota, 2013.

18. “What is String Theory?” public lecture at the Millennium Library, Winnipeg,
2012.

19. “Gamma Rays at 130 GeV and How They Might Come from Dark Matter,” McGill,
2012, & Perimeter Institute, 2013.

20. “Warped Dimensional Reduction,” McGill University, Canadian Conference on Gen-
eral Relativity and Relativistic Astrophysics hosted by Memorial University, 2012

21. “Metastable Dark Matter and 511 keV Gammas from the Galactic Center,” Dark
Matter from Every Direction workshop hosted by McGill University, 2011.

22. “Light from Dark Matter,” San Francisco State University, University of Heidelberg,
University of Winnipeg, University of Manitoba, 2011.

23. “Direct and Indirect Detection of Metastable Dark Matter,” California Institute of
Technology, University of California Santa Barbara, University of Toronto, 2010.

24. “Warped Kaluza-Klein Dark Matter,” Rencontres Théoriciennes (Paris Joint String
Theory Meeting), hosted by CEA Saclay Institut de Physique Théorique, 2010.

25. “Constraints on Extra-Dimensional Dark Matter,” University of Cincinnati, 2010.

26. “Dark Matter is Exciting!” University of Cincinnati, 2010.

27. “Could Dark Matter Come from Extra Dimensions?” with Rebecca Danos, Annual
Alumni Colloquium at Wake Forest University, 2009.

28. “String Theory in the Universe,” Annual Alumni Colloquium at Wake Forest Uni-
versity, 2009.

29. “Warped Kaluza-Klein Dark Matter: Surveying the Landscape,” University of Michi-
gan, 2009.

30. “Holography and Kaluza-Klein Dark Matter,” Holographic Cosmology conference
hosted by the Perimeter Institute, 2009

31. “A Tour of Flux Compactification Dynamics,” University of Wisconsin, 2009.

32. “An Inverted Mass Hierarchy for Exciting Dark Matter,” Perimeter Institute, Uni-
versity of Wisconsin, 2009.

T. D. Fugleberg

1. “Geometrical Entanglement of Highly Symmetric Multipartite States and the Schmidt
Decomposition,” D Buhr, M E Carrington, T Fugleberg, R Kobes, G Kunstatter,
D McGillis, C Pugh and D Ryckman, J. Phys. A: Math. Theor. 44, 365305 (2011)
- arXiv:1104.3159.
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J. Hopkinson

1. Spin ice on the trillium lattice studied by Monte Carlo calculations, Travis E. Red-
path and John M. Hopkinson, Phys. Rev. B 82, 014410, (2010).

2. Origin and consequence of an unpinned helical magnet: application to partial order
in MnSi under pressure, John M. Hopkinson and Hae-Young Kee, Phys. Rev. B
79, 014421 (2009)

Preprints

3. Antiferromagnetic Ising model on the Sorrel net: A new frustrated corner-shared
triangle lattice, J. M. Hopkinson and J. J. Beck, arXiv:1207.5836 (2012).

4. Dimensional crossover of a frustrated distorted kagome Heisenberg model: Appli-
cation to FeCrAs, T. E. Redpath, J. M. Hopkinson, A. A. Leibel and H.-Y. Kee,
arXiv:1105.3974 (2011).

G. Kunstatter

1. G. Kunstatter, H. Maeda and T. Taves, “Hamiltonian dynamics of Lovelock black
holes with spherical symmetry”, Class. Qu. Grav. 30 065002 (2013) ; arXiv:1210.1566.

2. N. Deppe, C. D. Leonard, T. Taves, G. Kunstatter and R. B. Mann, “Critical
Collapse in Einstein-Gauss-Bonnet Gravity in Five and Six Dimensions”, Phys.
Rev. D 86, 104011 (2012); arXiv:1208.5250.

3. G. Kunstatter and J. Louko, “Polymer quantization on the half line”, J. Phys. A.
422651/PAP/8788 (2012).

4. G.Kunstatter and T. Taves and H. Maeda, “Geometrodynamics of spherically sym-
metric Lovelock gravity”, Class. Quantum Grav. 29 (2012) 092001 (Fast Track
Communication); arXiv:1201.4904

5. J. Gegenberg and G. Kunstatter, “Local hamiltonian for spherical collapse: ge-
ometrodynamics approach” Phys. Rev. D 85, 084011 (2012); arXiv:1112.3301.

6. J. Gegenberg, G. Kunstatter and T. Taves, “Singularity Resolution Inside Radiating
2-D Black Holes”, Phys. Rev. D85 024025 (2012); arXiv:1111.279 .

7. T. Taves, D. Leonard, G. Kunstatter and R. Mann, ”Hamiltonian Formulation of
Scalar Field Collapse in Einstein Gauss Bonnet Gravity”, Class. Qu. Grav. 29
015012 (2011).

8. M. Pielahn, G. Kunstatter and Alex B. Nielsen, 9“Critical Analysis of Dynamical
Surface Gravity in Spherically Symmetric Black Hole Formation”, Phys. Rev. D84
104008 (2011); arXiv:11030750.

9. C. Danielle Leonard, J. Ziprick, G. Kunstatter and R. Mann, “Gravitational collapse
of K-essence matter in Painleve-Gullstrand coordinates”, JHEP 2011 28 (2011);
arXiv:1106.2054.
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10. J. Babb, R. Daghigh and G. Kunstatter, “Highly Damped quaisnormal modes and
the small scale structure of quantum corrected black holes”, Phys. Rev. D84 084031
(2011); arXiv:1106.4357.

11. D. Buhr, M.E. Carrington, T. Fugleberg, R. Kobes, G. Kunstatter, D. McGillis, C.
Pugh, D. Ryckman, “Geometrical entanglement of highly symmetric multipartite
states and the Schmidt decomposition” Journal of Phys. A: Math.Theor. 44 365305
(2011); arXiv:1104.3159

12. Tim Taves and Gabor Kunstatter, “Higher Dimensional Choptuik Scaling in Painleve
Gullstrand Coordinates”, Phys. Rev. D84 044034 (2011); arXiv:1105.0878

13. G. Kunstatter, J. Louko, and A. Peltola, “Quantum dynamics of the Einstein-Rosen
wormhole throat”, Phys. Rev. D 83, 044022 (2011); arXiv:1010.3767

14. M. Carrington, R. Kobes, G. Kunstatter, D. Ostapchuk and G. Passante, , “Geo-
metric measures of entanglement and the Schmidt decomposition ”, J. Phys. A. 43
315302 (2010); arXiv:1003.4755 .

15. J. Ziprick and G. Kunstatter, ”Quantum Corrected Spherical Collapse: A Phe-
nomenological Framework” Phys.Rev.D82:044031 (2010); arXiv:1004.0525 .

16. G. Kunstatter, J. Louko and A. Peltola, “Polymer quantization of the einstein-rosen
wormhole throat”, Phys.Rev.D81:024034 (2010) ; arXiv:0910.3625.

17. A. Peltola and G. Kunstatter, ”Semiclassical Polymerization of D-Dimension Black
Hole Interiors”, Phys. Rev. D80, 044031 (2009); arXiv:0902.1746.

18. J. Ziprick and G. Kunstatter, ”Dynamical Singularity Resolution in Spherically
Symmetric Black Hole Formation”, Phys. Rev. D80 024032 (2009); arXiv:0902.3224.

19. J. Ziprick and G. Kunstatter ”Spherically Symmetric Black Hole Formation in
Painleve-Gullstrand Coordinates”, Phys. Rev. D79 101503(R) (2009); arXiv:08012.0993.

20. A. Peltola and G. Kunstatter, “A complete, single-horizon quantum corrected black
hole spacetime”, Phys. Rev. D 79, 061501R (2009); arXiv:0811.3240.

21. G. Kunstatter, J. Louko and J. Ziprick, ”Polymer quantization, singularity resolu-
tion and the 1/r2 potential”, Phys. Rev. A79, 032104 (2009); arXiv:0809.5098;

Chapters in Books

22. J. Gegenberg and G. Kunstatter, “Midi-superspace models for quantum black holes”,
(invited) Recent Research in Quantum Gravity, (Nova Scientific, 2012) ed. A. Das-
gupta.

23. J. Gegenberg and G. Kunstatter, “2-D Midisuperspace Models for Quantum Black
Holes”, (invited) published in ’Fundamental Interactions: A Memorial Volume for
Wolfgang Kummer,’ Editors: Daniel Grumiller, Anton Rebhan and Dimitri Vassile-
vich, World Scientific, 2010, pp.231-247; arXiv:0902.0292
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Invited papers presented at meetings

24. G. Kunstatter, “Spherically Symmetric Black Hole Formation in Lovelock Grav-
ity”Invited, Black Holes IX, Saskatoon, May, 2013.

25. “Boundary Conditions for Quantum Mechanics on the Discretized Half Line” In-
vited, CAP Congress, Montreal, May, 2013.

26. G. Kunstatter, “Lovelock gravity: geometrodynamics and quantum mechanics”,
Invited, CAP Congress, U. Calgary, June, 2012.

27. G. Kunstatter, “Quantum Mechanics on the Discretized Half Line” Invited, CMS
Meeting, Regina, June 2012.

28. G. Kunstatter, “Singularity Resolution Inside Radiating 2-D Black Holes” (In-
vited), Black Holes: New Horizons, BIRS Workshop, Banff, November, 2011.

29. G. Kunstatter, “Quantum Corrected Spherical Collapse: A Phenomenological Frame-
work”, (Invited), CMS Annual Meeting, Fredericton, June, 2010.

30. G. Kunstatter, , (Invited) CAP Congress, Toronto, June, 2010.

31. G. Kunstatter, “Dynamical Singularity Resolution in Quantum Corrected Black
Hole Formation”, Invited, CAP Congress, Moncton, June 2009.

32. G. Kunstatter, “A Non-singular, single horizon Quantum Corrected Black Hole
Spacetime”, Invited, Theory Canada V, University of New Brunswick, June 2009.

33. G. Kunstatter, “Midi-Superspace Models for Semi-classical Black Holes” Invited,
Canadian Conference on General Relativity and Relativistic Astrophysics, Univer-
sity of Calgary, May, 2009.

34. G. Kunstatter, “Spherically Symmetric Scalar Field Collapse in Flat Slice Coordi-
nates”, Black Holes VII, Banff, May, 2009.

35. G. Kunstatter, ”Singularity Resolution in Quantum Corrected Black Holes”, In-
vited Atlantic Regional Conference on General Relativity, Fredericton, April, 2009.

36. G. Kunstatter, “Singularity Resolution in the Scolymerized (BTZ) Black Hole”,
Invited, ESI Workshop on 3-D Gravity, Vienna, April, 2009.

Invited Lectures

37. “Quantum Mechanics of the Interior of Radiating 2D Black Holes”, Rykkyo Uni-
versity, Tokyo, June, 2013.

38. “Lovelock Gravity: Geometrodynamics and Quantum Mechanics”, Univerite de
Montreal, March 2012.
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39. “Singularity resolution inside radiating black holes”, McGill University, March,
2012.

40. “Singularity resolution inside radiating black holes”, Universit de Montreal, Decem-
ber, 2011.

41. “Singularity resolution inside radiating black holes”, C.E.C.S. Valdivia, Chile, Oc-
tober, 2011.

42. “Dynamical Singularity Resolution in Spherically Symmetric Black Hole formation”,
University of California (Davis), May 26, 2009.

43. “Dynamical Singularity Resolution in Spherically Symmetric Black Hole formation”,
University of Western Ontario, March 19, 2009.

44. “Quantum Black Holes: Portals to Strange New Universes”, Prairies Regional Lec-
ture Series, University of Saskatoon and University of Regina, January, 2009.

45. “Black Holes”, guest lecturer, Introduction to Physics, University of Winnipeg,
January, 2009.

P.D. Loly

1. Ian Cameron, Adam Rogers & Peter Loly, ”Signatura of magic and Latin integer
squares: isentropic clans and indexing”, Discussiones Mathematicae Probability and
Statistics, xx (xxxx) 129, online c. December 2013, in paper 2014.

2. Loly, P.D, Styan, G.P.H. ”Philatelic Latin squares”, in Proceedings of the Canadian
Society for History and Philosophy of Mathematics (35th Annual Meeting, Concor-
dia University), A. Cupillari, ed. 23 (Montreal, QC 2010), pp. 273-297. (C1)

3. Peter D. Loly and George P. H. Styan, ”Some comments on 5x5 philatelic Latin
squares”, CHANCE (2010) 23(2): 57-62, April 01, 2010, (C1)

4. Peter D. Loly and George P. H. Styan, ”Some comments on 4x4 philatelic Latin
squares”, CHANCE (2010) 23(1): 57-62, March 01, 2010, (C1)

5. P.D. Loly, I.D.Cameron, W.Trump and D.S.Schindel, ”Magic square spectra”, Lin-
ear Algebra Appl. 430 (10) 2659-2680 (2009). (C1)

Talks

6. Peter Loly (presenter) ”Board Games on a square grid - Sudoku, chess, and magic
squares - from refereed papers to personal web pages or vice versa”, at the August
2012 University of Iceland - University of Manitoba 2012 Partnership Conference,
on ”Origins”, Reykjavik.

7. Ian Cameron, Adam Rogers & Peter Loly (all presenters) Bewedlo, ”Signatura of
magic and Latin integer squares: isentropic clans and indexing”, IWMS21 and LIN-
STAT2012 conferences at Bedlewo, Poland.
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8. Peter Loly (presenter) with Ian Cameron, ”Eigenproperties of an algebraic family
of compound magic squares of order n = 3l, l = 1, 2, 3..., and construction and
enumeration of their fundamental numerical forms”, CMS Winter Meeting 2009,
Windsor, Dec. 2009.

Book Review

9. Reviewed by Peter D. Loly: “Before Sudoku – The World of Magic Squares”, by
Seymour S. Block and Santiago A. Tavares, 2009, Oxford, 239 pages. ISBN-10:
0195367901, ISBN-13: 978-0195367904, in IMAGE, The Bulletin of the International
Linear Algebra Society (ILAS) 47, Fall 2011, page 24.

T.A. Osborn

1. Karl-Peter Marzlin and T. A.Osborn, ”Quantum Collapse Bell Inequalities”, sub-
mitted to Phys. Rev. A, ; arXiv Quant.Phys 1306.2574, [2013]

2. Karl-Peter Marzlin and T. A. Osborn,“Moyal phase-space analysis of nonlinear op-
tical Kerr media”, J. Phys. A, 42 [2009], 415302 (19pp)

Conference Proceedings and Invited Talks

3. T. A.Osborn, Aharonov-Bohm Effect without Potentials, Theory Canada 7, Leth-
bridge, AB, June 9, 2012 (Invited talk).

S. Plosker

Peer-Reviewed Journal Articles

1. T. Jochym-O’Connor, D. W. Kribs, R. Laflamme, and S. Plosker. Private quantum
subsystems. Physical Review Letters, 111, 030502, 2013.

2. R. Pereira and S. Plosker. Dirichlet polynomials, majorization, and trumping. Jour-
nal of Physics A: Mathematical and Theoretical, 46, 225302, 2013.

3. D. Farenick, R. Floricel, and S. Plosker. Approximately clean quantum probability
measures. Journal of Mathematical Physics, 54, Issue 5, 052201, 2013.

4. D. W. Kribs, R. Pereira, and S. Plosker. Trumping and power majorization. Linear
and Multilinear Algebra, anticipated date of publication: 61, 2013, available on
publisher’s website under “Latest articles”.

5. D. Farenick, S. Plosker, and J. Smith. Classical and nonclassical randomness in
quantum measurements. Journal of Mathematical Physics, 52, Issue 12, 122204,
2011.

6. A. Church, D. W. Kribs, R. Pereira, and S. Plosker. Private quantum channels,
conditional expectations, and trace vectors. Quantum Information & Computation
(QIC), 11, no. 9 & 10, pp. 774 - 783, 2011.

Refereed Conference Proceedings
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7. D. W. Kribs and S. Plosker. Private quantum codes: introduction and connection
with higher rank numerical ranges. Linear and Multilinear Algebra, Proceedings of
WONRA edition, accepted Mar. 10, 2013.

S. Safi-Harb

Refereed Journal Articles

1. Zhou, P., Safi-Harb, S., Chen, Y. 2013, Ap.J. (under revision)

2. Jackson, M., Safi-Harb, S., & Kothes, R. 2013, MNRAS (under revision)

3. Zhou, P., Chen, Y., Li, X.-D., Safi-Harb, S., Mendez, M., Terada, Y., Sun, W. 2013,
to appear in Ap.J. (Letters); arXiv:1310.7705

4. Kumar, H. S., Safi-Harb, S., Slane, P., & Gothelf, E. V. 2013, Ap.J., in press;
arXiv:1311.6515

5. Matheson, H., Safi-Harb, S., & Kothes, R. 2013, Ap.J., 774, 33

6. Ferrand, G., Decourchelle, A., & Safi-Harb, S. 2012, Ap.J., 760, 34

7. Kumar, H. S., Safi-Harb, S., & Gonzalez, M. E. 2012, Ap.J., 754, 96
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electronically.

22. Impact of deuterium nuclear data on critical systems involving heavy water, Ken
Kozier, J.P. Svenne, Luciano Canton and Dan Roubtsov; ND2010, International
Conference on Nuclear Data for Science and Technology, April 26-30, 2010, Jeju
Island, Korea. Abstract only.

23. Neutron-deuteron elastic scattering measurements, ND-1366, M. Stanoiu, N. Nankov,
A. Plompen, C. Rouki, K. Kozier, R. Rao, D. Roubtsov, J.P. Svenne, and L. Can-
ton; ND2010, International Conference on Nuclear Data for Science and Technol-
ogy, April 26-30, 2010, Jeju Island, Korea. Proceedings, ISSN 0374-4884; DOI:
10.3938/jkps.59.1825

24. Scattering cross sections involving particle-unstable resonances in the MCAS formal-
ism, J. P. Svenne, P. R. Fraser, K. Amos, L. Canton, S. Karataglidis, G. Pisent and
D. van der Knijff, contributed poster (Svenne) to the CAP2010 Congress, Toronto,
ON, June 7-11, 2010; abstract in Physics in Canada, 66, no. 2 (supplementary),
May/June 2010
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25. Spectroscopy of Hypernuclei with a Multi-Channel Algebraic Scattering Formalism,
J. P. Svenne, K. Amos, L. Canton and S. Karataglidis, contributed paper (Svenne)
to the CAP2010 Congress, Toronto , ON, June 7-11, 2010; abstract in Physics in
Canada, 66, no. 2 (supplementary), May/June 2010

26. Extending MCAS to hypernuclei and radiative capture reactions, L. Canton, K.
Amos, S. Karataglidis, and J.P. Svenne, 2nd International Workshop on Compound
Nuclear Reactions and Related Topics, Bordeaux, France, October 5-8, 2009; Pro-
ceedings: EPJ Web of Conferences, 2, 09003 (2010)

27. Recent MCAS applications on hypernuclei and radiative capture, L. Canton, K.
Amos, S. Karataglidis, and J.P. Svenne, 12th International Conference on Nuclear
Reaction Mechanisms, Varenna, Italy, June 15-19, 2009; Proceedings: vol. 2, pp
129-136, CERN Proceedings series.

28. Analysis of neutron-deuteron scattering for science and atomic applications, L. Can-
ton, K.S. Kozier and J.P. Svenne, 2nd International Conference on Current Problems
in Nuclear Physics and Atomic Energy, Kyiv, Ukraine, June 9-15, 2008, Proceedings
(pp. 533-536), Kyiv, Ukraine, 2009.

G.C. Tabisz

1. A. Senchuk and G. C. Tabisz, ”General expression for the depolarization ratio for
first order collision induced light scattering”, Journal of Raman Spectroscopy, 42,
1046 1048 (2011).

2. A. Senchuk and G. C. Tabisz, ”Second order collision induced light scattering: a
spherical tensor approach”, Journal of Raman Spectroscopy, 42, 1049 1054 (2011).

3. G. C. Tabisz, ”Intra collision effects in the collision broadening of spectral line
profiles”, International Review of Atomic and Molecular Physics, 1, 53 61 (2010).

4. G. C. Tabisz, ”Intra-collision effects in the collision-broadening of spectral line pro-
files”, International Review of Atomic and Molecular Physics, 1, 53-61 (2010).

5. A. Senchuk and G. C. Tabisz, ”Second-order collision-induced light scattering: a
spherical tensor approach”, accepted for publication in the Journal of Raman Spec-
troscopy, 2010 (6 journal pages).

6. A. Senchuk and G. C. Tabisz, ”General expression for the depolarization ratio for
first-order collision-induced light scattering”, accepted for publication in the Journal
of Raman Spectroscopy, 2010 (3 journal pages).

Colloquia

7. G. C. Tabisz, “Collisional Interference effects in the infrared spectrum of HD”,
Department of Physics, National University of Singapore, Sept 15, 2011. This col-
loquium was given at the invitation of Professor C.Kim Ong, who received his Ph.D
from the University of Manitoba in 1973 under the supervision of Professor J. M.Vail.
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J.M. Vail

1. Vail, J. M., Haroon, T., Hernandez-Melgar, J., Chevrier., D. K, and Pandey, R.,
”Nitrogen Vacancy and Oxygen Impurity in AlN: Spintronic Quantum Dots”, Ra-
diation Effects and Defects in Solids, 164, 585-591 (2009).

M. Whitmore

Refereed Publications

1. John G. Spiro, Nicolas Illy, Mitchell A. Winnik, Jeffrey D. Vavasour and Mark
D. Whitmore, Theory of Lamellar Superstructure from a Mixture of Two Cylindrical
PS-PMMA Block Copolymers, Macromolecules 45, 4289 – 4294 (2012)

2. Tongchuan Suo, Tyler N. Shendruk, Owen A. Hickey, Gary W. Slater and Mark
D. Whitmore, Controlling Grafted Polymers Inside Cylindrical Tubes, Macromolecules
46, 1221–1230 (2013)

3. Tongchuan Suo and Mark D. Whitmore, Grafted Polymers inside Cylindrical Tubes:
Chain Stretching vs Layer Thickness, J. Chem. Phys. 138, 164907: 1–11 (2013)

4. Mark D. Whitmore, Jeffrey D. Vavasour, John G. Spiro and Mitchell A. Winnik,
On Cylindrical PS-b-PMMA in Moderate and Weak Segregation, Macromolecules
46, 9045–9054 (2013)

J.G. Williams

1. T.A. Harriott and J.G. Williams, “Exact positive curvature solution for the null
surface formulation in 2+1 dimensions,” in Essays on Mathematics and Statistics:
Volume 4, edited by V. Akis (Atiner, Athens), pp. 3–10 (2013).

2. T.A. Harriott and J.G. Williams, “Light cone cut solution in the 2+1 null surface
formulation,” in Proceedings of the 12th Marcel Grossmann Meeting on General
Relativity, edited by T. Damour, R.T. Jantzen and R. Ruffini (World Scientific,
Singapore), pp. 1896–1898 (2012).

3. T.A. Harriott and J.G. Williams, “Euler numbers on cobordant hypersurfaces,” in
Proceedings of the 11th Marcel Grossmann Meeting on General Relativity, edited
by H. Kleinert, R.T. Jantzen and R. Ruffini (World Scientific, Singapore), pp. 2211–
2212 (2008).
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5 Financial

5.1 Statement of Income and Expenditures

Income

Income Source Amount
Carry Over $1566.36
UWinnipeg Dean of Science & VP Research $1600.00
UManitoba Dean of Science $1600.00
Brandon Univ VP Research $1000.00
Total Funds Available $5766.36

Expenditures

Activity Amount Spent
Visit by Sonia Bacca $218.00
Visit by David Garfinkle $300.00
Summer Student Symposium $415.75
Visit by Tom Jones $300.00
Commitment to CCGRRA XV $2000.00

Total Expenditures $3233.75

The income listed above represents commitments to WITP funding from the three major universities
in Manitoba from which the WITP draws its members. For the five-year period 2013-17, the University
of Winnipeg and University of Manitoba have each committed $1600 per annum, and Brandon University
has committed $1000 per annum.

In addition to the supporting funds indicated above, it should be pointed out that the members of
the Institute use their individual NSERC discovery grants to subsidize Institute activities. As of January
2013, the members from the three universities drew upon more than $600,000 of individual NSERC
Research Grants. These funds have a significant fortifying effect on the level of activities in which we are
able to engage. The financial contribution of the members associated with the expenses of visiting guest
theorists and supports the activities and goals of the Institute, but it does not appear in the budget data
shown above.

The Institute has neither endowment nor trust fund support. The Institute has no significant space
requirements. The occasional long term visitor requires a desk, but these needs have been accommodated
by the space available to the physics departments at the member Universities. The host departments
also supply occasional secretarial support such as that required for the preparation of seminar notices
and research papers.

An estimated annual budget for the current five-year period follows:

• Conference support: $1700
Advertises theoretical physics in Manitoba throughout Canada, promotes research collaborations
and dissemination of results, provides opportunity to recruit graduate students

– Theory Canada conferences: $500
Main annual conference for Canadian theoretical physics

– Canadian Prairie Theoretical Physics Network conferences: $500
Annual regional conference for theoretical physics

– National & international conferences held in Manitoba and surrounding region: $700
Average annual amount

• Summer Symposium for undergraduate student researchers: $500

• Visitor Support: $1800
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– Prominent visiting scientist for public lecture: $2000 twice in five years
Outreach to the public, as well as scientific discussion

– Support for other WITP visitors: $1000
The WITP visitor program is primarily funded by Members; this funding is to allow visits
that individual Members may not otherwise be able to afford or to increase the length of
time that visitors can stay in Manitoba.

• Miscellaneous: $500
Printing, advertising of study opportunities at Canadian Undergraduate Physics Conference only

Total: $4500 per annum

5.2 Financial Stability and Growth

The Institute has no substantial fixed costs and for this reason it is intrinsically stable. It can operate in
a productive fashion at a variety of funding levels. All of the funds that the Institute receives are trans-
formed directly into its research enhancing activities. The funds allocated to the Institute by supportive
administrative bodies such as the Faculties of Science and Graduate Studies at the University of Mani-
toba are fortified by the individual NSERC research grants of members. This is a strong commitment to
the Institute by the Institute members. In view of its overall research productivity, in terms of published
papers and supervised graduate students, its capacity for running very successful conferences and work-
shops, and the demonstrated ability to attract excellent short-term and long-term visiting scientists, the
Institute is achieving its goals.

The WITP membership includes all of the theoretical physicists in the province. Hence its growth
relies upon the Associate and Student Members that it can attract (i.e. graduate students, post- doctoral
fellows, and research associates), along with occasional new faculty hires. Another area of potential
growth is identifying new Permanent Members at UM, UW, and Brandon University among current
faculty members in related fields. For example, experimental physicists who work closely with theorists
may be candidate members, as may mathematicians whose research is closely related to mathematical
physics. The WITP has recently added members that fit these criteria.

The report guidelines suggest that some indication be given of the percentage of time that members
spend on Institute research. Since the Institute’s programs enhance the ongoing research interests of its
members, there is no distinction between individual research and Institute research. The director has
spent less than 5% of his time with the administrative aspects of the Institute.

Appendix: Summer Student Symposium Program

The program for the 2013 WITP Summer Student Symposium follows this page.
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WITP Summer Symposium 2013
29 Aug 2013, Allen Building Room 519, University of Manitoba

Research talks will be 20 minutes, including time for questions.

9:15 Welcome by Mark Whitmore, Dean of Science, University of Manitoba

9:30 Brad Cownden “Modern models of extra dimensions in string theory”

9:50 Nick Reid “A dark theory for a light problem”

10:10 Break

10:30 Joe Smith “The 4-vertex in scalar-Ψ4 theory using the 2PI effective action”

10:50 Gabriel Chernitsky “Searching for gamma radiation in dwarf galaxies”

11:10 Break

11:20 Morgan Mercredi “Cell migration in competing chemotactic environments”

11:40 Jared Enns “Dark light: Exploring dark radiation Models”

12:00 Lunch & Discussion

13:30 Nils Deppe “Adaptive mesh refinement for constrained 1D hyperbolic systems”

13:50 Allison Kolly “Gravitational collapse in anti-de Sitter space”

14:10 Break

14:30 Ben Guest “A new galactic pulsar candidate revealed by the Chandra X-ray Observatory”

14:50 Chelsea Braun “Supernova remnants as astrophysical laboratories for the formation of the
elements”

15:10 Break

15:20 Angel Barria “On the algebraic and topological structures of the Levi-Civita field”

15:40 Darren Flynn “On delta functions on the Levi-Civita field”

16:00 Break

16:10 Gidon Bookatz “On locally uniformly differentiable functions on the Levi-Civita field: the
inverse function theorem and the intermediate function theorem”

16:30 William Grafton “Fourier analysis on the Levi-Civita field”
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