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WEEKEND SCHEDULE

Friday - Feb 1

4pm - 6pm: Registration at the hotel (Crown Plaza, Moncton)

6pm — 6:15pm: Words of welcome from the Student Council of the
Department of Physics of UdeM

6:15pm — 7pm: Seminar by Ruben Sandapen at the hotel
7pm: Judges meeting

Saturday - Feb 2

Before 9am: Breakfast at hotel

9am — 10:15pm: Student presentations at Rémi-Rossignol on campus
10:15am — 10:45am: Snack break

10:45am - 12pm: Student presentations

12pm — 1lpm: Lunch and poster presentations

lpm — 2pm: Student presentations

2:15pm — 3pm: Seminar by Jean-Francois Bisson on campus
3pm - 4pm: Lab tour

5pm - 7pm: Grad Fair and Cocktail Hours at the hotel
7pm - 8pm: Buffet

8pm - 9pm: Seminar by Keynote Speaker Jeff Dahn

Sunday - Feb 3

Before 9am: Breakfast at hotel
9am — 10am: Student presentations at Rémi-Rossignol on campus
10am - 1llam: Refreshments

1lam — 12pm: Awards and farewell



GUEST SPEAKERS

Jeff Dahn:

Li-ion Batteries: The Physicist's Battery

Li-ion batteries power portable computers, smart phones, implantable
medical devices and electric vehicles, such as the Motor Trend Car of the
Year for 2013, the Tesla Model S. Li-ion batteries are elegant and are
easily understood by Physicists. In fact, many of the breakthroughs in
Li-ion batteries have been made by Physicists or Physics-trained
researchers. In this talk, I will highlight the contributions of Physicists
in general and of Dalhousie University Physicists, in particular, to the Li-
ion batteries that you use today.




Jean-Francois Bisson

High-power lasers for machining

Lasers have become essential tools for fundamental research, several
industrial processes as well as daily life. Their huge breadth of
applications arise from their unique capability to produce highly
concentrated electromagnetic energy in a narrow wavelength range, in
a very short time or in a small volume. These characteristics can
elegantly be expressed using the concepts of temporal and spatial
coherences. The latter plays a key role in laser machining, such as laser
cutting or welding to satisfy the need to concentrate light into a small
spot size in order to melt or vaporize the material. The output
“radiance”, rather than the output power, is the parameter that best
characterizes the power density that can be achieved with a laser source
after it is focused with optical elements. In this talk, I will outline the
main laser architectures that have been developed to obtain laser
beams with the highest possible radiance, which are high-power single
transverse modes lasers. I will show that the factors that limit the
output radiance of continuous wave lasers differ from those of pulsed
lasers. I will show an example of laser cutting on metal sheets. Finally I
will show a few methods to further increase the radiance of high-power
lasers.




Ruben Sandapen

A holographic Schrédinger equation for hadrons

Every physics student encounters at some point the celebrated quantum
mechanical Schrodinger equation. The Schrodinger equation is able to
describe a vast variety of phenomena in condensed matter physics,
atomic and nuclear physics. For instance, advanced undergraduates
usually learn how to solve the Schrodinger for the simplest of all atoms,
the hydrogen atom, by inserting in the Schrodinger equation the well-
known Coulomb potential that describes the electric interaction
between the nucleus and the orbiting electron of the hydrogen atom.
However, the Schrédinger equation is of limited use in elementary
particle physics and in particular to describe bound states of quarks
called hadrons. This is because it does not account for relativistic
effects that cannot be ignored when trying to understand the structure
and properties of hadrons. In this talk, we shall see that it is nonetheless
possible to write down a relativistic Schrédinger-like equation for
hadrons called the light-front Schréodinger. Remarkably, this light-front
Schrodinger equation is isomorphic to the wave equation of a string in
the fifth dimension of a curved spacetime. The geometry of this curved
spacetime then dictates the form of the potential appearing in the light-
front Schrodinger equation. Such a duality between two theories
formulated in a different number of dimensions is said to be
holographic, hence the name holographic Schrédinger equation. We
shall explore a number of predictions made using this approach and
which are supported or even favored by data collected at particle
colliders.
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STUDENT ABSTRACTS

AGN 1ES 1927+654: Where Does it Fit In?
Christopher Thomas MacMackin

The AGN designated 1ES 1927+654 has proven difficult to classify according to the traditional
Unification Model; optically it appears to be an obscured galaxy, while in the X-rays it appears to be unobscured.
It thus has the potential to refine the model, possibly revealing something about the evolution of AGN.
Observations with the XMM Newton and Suzaku telescopes were analyzed in an attempt to learn more about the
nature of this object. Spectral and timing analysis was performed on the data from both telescopes. The
spectrum could be described by non-physical models, partial covering models, and blurred reflection models.
The light curves revealed rapid, large amplitude variability. Based on critical analysis of the fit parameters, it
appears that the absorption models of 1ES 1927+654 are less plausible than a reflection model for providing a
physical description, although neither can be ruled out. Further observations and analysis will be required in
order to come to any firm conclusions.

Triggers for the CB-TAPS Set-Up
Andrew MacLean

The ideas of Quantum Chromodynamics describe the strong interactions of quarks and gluons, which
make up hadrons. A property of much importance is the polarizability. The most direct method of determining
polarizabilities for the proton is through Compton Scattering, the direct scattering of a photon. There are some
problems associated with Compton Scattering. When a photon collides with the proton, it may then re-emit the
photon, but this reaction may also produce another result. Significantly more often, a hadronic process can occur
where the proton will release a neutral pi-meson. My project included the addition of another detector to
capture events on the incoming beam line and was also to examine different trigger conditions in order to
minimize background reactions, or contamination. This trigger testing simplifies offline data analysis and
reduces the amount of superfluous information written to disks. This will help produce more precise values for
the proportionality constants.

Measurement of Sorptivity of Mortars and Concretes Using Magnetic Resonance Imaging (MRI)
Susan Michele Blackmore

Sorptivity, or the tendency of a porous material to absorb or transmit water by capillarity, is crucial to
understanding the durability and degradation of concretes and mortars. Gravimetric sorptivity measurements
have been frequently employed to study the rate of water uptake by porous media. This method, although
informative, is limited and cannot distinguish when two wetting fronts are present and progressing at different
rates through the sample or when the sample has unknown initial water content. The use of Magnetic Resonance
Imaging (MRI) allows for the spatial resolution of water content in the sample and provides an alternate way to
measure the sorptivity. Both techniques were utilized to monitor water intake in traditional sorptivity
experiments and in preliminary steady state experiments.

The impact of star formation algorithms on the morphology and evolution of galaxy models
Maan H Hani

The association of star formation with collapsing regions V-v<0 is controversial in large scale models of
galactic star formation. Two simulations of isolated galactic discs (280,000 particles each) differing in the star
formation conditions were performed to help understand the effect star formation has on the morphology of
star forming regions and, as a result, the evolution of model galaxies. This first analysis considered isolated
evolved galaxies. Because the discs have a large sheering rotation, theV-v<0 condition is exclusive to small local
regions of high density; therefore the density conditions dominate the star formation. It is possible that the two
different approaches applied to galaxy formation simulations could produce results far more different than
those of the two disc simulations.
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Kinematic Fitting for Neutral-Pion Identification
Ryan Bennett

This research uses the conservation laws of physics to determine what particles are detected when a
gamma-proton collision occurs. Kinematic fitting, a statistical analysis technique which makes use of the
principles of momentum, energy, position, and invariant mass conservation is used to reconstruct the reaction.
This reconstruction is used to see how closely the measured parameters match the constructed ones. This
method allows the sorting of wanted interactions from unwanted ones - known as background removal.
Removing background reactions this way is potentially more effective than the current 'cut' methods employed
that remove all events above or below a certain threshold point of energy or angle indiscriminately.
Additionally, it allows us to consider interactions with missing particles as well as use the chi-square statistic in
later analysis. Improving the background removal process will aid in the research determining spin
polarizabilities of protons.

A Method to Measure Arsenic and Selenium in Animal Tissue Using XRF
John Groves

Contaminated drinking water is a common source of arsenic (As) exposure. Multiple health risks are
associated with As ingestion as it is not easily expelled from the body. Selenium (Se) is an essential trace element
found in mammals. Studies involving animals indicate that Se may bond with As inside the body, which can be
excreted naturally. Female hamsters were administered arsenic and selenium, frozen in liquid nitrogen and then
cut into sagittal slices. Two portable X-ray fluorescence units were used to measure the As and Se
concentrations. The results indicated the expected As and Se distributions within the hamsters, with calculated
detection limits below 2 parts per million. This research is a preliminary step towardsin vivo As and Se
measurement.

Photophysical Investigation of Coordination Complexes as Photosensitizers for Photodynamic Therapy
Robie Hennigar

Photodynamic therapy (PDT) is a mechanism for destroying unwanted cells that has been used
clinically to treat cancer as well as age-related macular degeneration. PDT is unique in that it employs a
relatively nontoxic drug that becomes active upon irradiation with light. Light absorption produces an excited
state of the photosensitizer (PS) that is capable of participating in energy or electron transfer to create reactive
species, such as cytotoxic singlet oxygen. Thus, PDT is inherently targeted by virtue of localized light delivery to
only cancerous tissue saturated with PS. PDT can be optimized for a specific cancer through judicious choice of
the PS, the light dose, and the protocol. Our laboratory combines approaches from biology, chemistry, and
physics in order to create and improve photodynamic compounds (PDCs) derived from metal-containing
coordination complexes. My research has focused on linking the effectiveness of the PDCs in cancer cells with
the photophysical properties of the compound. By outlining the photophysical and photochemical properties of
a given PDC, I am able to offer insight to the chemists on how to further optimize the compound for a specific
photobiological application, thereby removing a lot of guess work. Using spectroscopic techniques we study the
singlet oxygen generating capabilities, photostability, absorption characteristics, and emission properties of the
compounds, and use this information to create a model of how the PDC operates in vitro and in vivo. Our efforts
have resulted in several highly effective PDCs, including one of the first known stable near-IR PDCs.

Analyzing the Effects of Phaseless CT Images on Cancer Treatment Plans
Logan Montgomery

Cancer treatment plans created at the Prince Edward Island Cancer Treatment Centre (PEI CTC) are
based upon the results of a computed tomography (CT) scan of each individual patient. The most advanced CT
imaging technique employed at the PEI CTC is four-dimensional computed tomography (4D CT). This technique
adds a time dimensionality to the acquisition of CT images, which allows for more accurate delineation of
tumour lesions. This can greatly increase the precision of treatment plans designed to treat tumours which
oscillate due to patient respiration, such as those found in the lungs. Advantage 4D is the software used at the
PEI CTC to process images acquired during a 4D CT scan and the corresponding patient respiratory pattern. The
software has built in functionality to exclude respiratory data that corresponds to irregularities in patient
breathing, so as not to overestimate the range of tumour motion during regular breathing. Those images taken
during these respiratory irregularities are labelled as phaseless, and are not included in the final image volume.
However, for some patients, it was found that the software tends to label too many images as phaseless. In
extreme circumstances, this caused significant underestimation of the final generated tumour volume. This
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presentation will focus on the method used to determine the clinical implications of this software error, and the
resulting clinical procedures which were implemented to address these issues.

Flow of Foams (With a Foray into 2D Phase Unwrapping)
Kevin John Bos

The flow of liquid foams is of interest in the food, textile, and paper industries, and in enhanced oil
recovery. However, foam rheology is difficult to model and too delicate to be measured with invasive
probes. Thus, as a non-invasive imaging technique, MRI has an advantage in the imaging of foams. SPRITE
(Single Point Ramped Imaging with T1 Enhancement) is a phase-encoded magnetic resonance imaging
technique. Velocity maps of foam flowing downstream of a constriction in a vertical pipe were generated using a
SPRITE MRI sequence. Velocity maps, as well as the very basics of the SPRITE sequence, will be presented and
discussed. However, the focus will be on the technical aspect of the experiment: the methods of generating and
displacing the foam through the vertical column, and the implementation of a phase-unwrapping algorithm to
process the data.

Contact Angle of Water-Ethanol Solutions on Crystalline and Mesoporous Silicon
Stephen Jeffrey Spencer

Measurements of contact angle of water-ethanol solutions were performed on crystalline silicon and
on as-prepared mesoporous silicon films with porosities up to ~72%. For untreated crystalline silicon the water
contact angle was found to be ~ 44°, independent of drop size, and consistent with previous studies on silicon
with a native oxide coating. The contact angle for water-ethanol mixtures was found to increase with water
concentration. Similar behaviour was observed on mesoporous silicon surfaces for water concentrations =60%,
below which the contact angle dropped abruptly to an immeasurably small value. This behaviour is attributed to
a decrease in surface tension with increasing ethanol concentration. For all water-ethanol solutions, an
anomalous decrease in contact angle was observed for porosities ~30-40%, above which the contact angle
remained approximately constant. This is ascribed to a surface area-induced change in the Wenzel roughness
parameter.

Polymer Translocation Dynamics Through a Nanopore
Taylor Dunn

Nanopore sequencing is a method of determining the order in which nucleotides occur on a strand of
DNA, and could eventually lead to faster and cheaper sequencing of the human genome. The goal of this work is
to contribute to the understanding of the dynamics of a polymer emerging from a nanopore. To accomplish this,
molecular dynamics simulations were carried out involving a bead-spring model polymer immersed in a solvent
modeled with Brownian dynamics. Quantities such as translocation rate, radius of gyration and end-to-end
displacement of the translocated section of the chain were measured, while varying system parameters such as
the driving force and the coefficient of friction. By comparing the results to a reference system in which the
polymer is tethered to a hard surface, it can be determined whether or not the translocating polymer is in
equilibrium as it emerges from the nanopore. As expected, decreasing the driving force and increasing the
friction coefficient decrease the rate of translocation and, consequently, the polymer approaches equilibrium as
seen in the tethered chain.

Using Dissipative Particle Dynamics to Study Polymer-Fluid Systems; a Computational Study
Matthieu Hughes

Polymer translocation is a phenomenon where a polymer travels across a boundary by passing
through a narrow channel known as a nanopore. This occurs naturally in many biological systems, such as when
messenger RNA passes through nuclear pores to deliver protein synthesis information or when the DNA of a
virus is transmitted to a host cell across a cell membrane. Polymer translocation also has applications in DNA
sequencing; the nucleotides of a DNA molecule can be detected as it passes through a nanopore. For this study,
dissipative particle dynamics (DPD) was used to simulate polymer-fluid systems using computer simulations.
DPD includes particle coarse-graining, which allows for larger scale simulations (in both size and time)
compared to conventional molecular dynamics, which is an atomistic technique. Hydrodynamic interactions are
also accounted for in DPD due to the inclusion of inter-particle dissipative (frictional) and random (thermal)
forces. In this work, the dynamics of a free polymer in dilute solution as well as a polymer tethered to a wall
were studied using DPD. The latter addresses the issue of boundary conditions between the DPD particles and
the wall, which will be important in polymer translocation studies. Furthermore, the tethered polymer model
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mimics the conditions of a polymer exiting a nanopore at a slow rate and will be a good reference point in
further translocation research.

Epsilon Aurigae: Deriving a Baade-Wesselink Distance
Christine Kendra Wilson

We report on a spectroscopic and photometric analysis of the FO supergiant in the enigmatic, long
period eclipsing binary & Aurigae (¢ Aur). Archival UBVRIJH photometric data compiled by Hopkins (2012), and
radial velocity data from Stefanik et al. (2010) and Chadima et al. (2010) were used to analyze the irregular
variability of the supergiant. Using a variation of the Baade-Wesselink method, we estimate a distance to this
system. We derive a distance of 1.13 * 0.21 kpc. This is a more accurate distance determination than previous
HIPPARCOS estimates, and is in agreement with recent findings by Guinan et al. (2012). They found a distance of
1.5 £ 0.5 kpc from a study of reddening and interstellar medium absorption from lines of sight to nearby stars. In
combination with existing analyses, this distance estimate suffices to establish the masses of both the F star and
its unseen companion, and thus its evolutionary state. A more complete data set, selected for simultaneous
photometric and radial velocity coverage, should provide a more accurate distance.

An Analysis of L1 GPS Power Data
John Adams

From May to August 2012, the author worked for the Canadian High Arctic Ionospheric Network
(hereafter referred to as CHAIN) developing Matlab programs to take the results of Time-Frequency analyses of
GPS data collected by CHAIN and to compile these results into a single data set in order to see how frequently
certain frequencies appeared in the data. Once said tools were developed, they were used to examine data taken
from various stations operated by CHAIN both to test the program and to identify what frequencies were
present in the data. In cases where anomalies were seen in the data, a more detailed analysis was done to see if
such anomalies were caused by ionospheric interference, or if said anomalies were the result of other factors.

Multi-anode Photomultiplier Tube Performance Assessment Tests for Jefferson Lab
Jessica Campbell

Photomultiplier tubes (PMTs) are used to detect high-energy photons produced by collision
events. The Thomas Jefferson National Accelerator Facility received 602, 16-channel, Multi-Anode PMTs from
Fermilab’s decommissioned CDF experiment. These PMTs are being incorporated into the design and
construction of a new Coordinate Detector. Of the PMTs received, 186 were HAMAMATSU H8711 tubes and 416
were HAMAMATSU R5900-00-M16 tubes. Each tube was tested using a LED light to analyze the ADC spectrum
signal response of its sixteen pixels. The ADC spectrum in the absence of light was also characterized for each
pixel from each PMT. A statistical analysis algorithm was used to fit single and double Gaussian distributions to
each ADC spectrum, with the double Gaussians needed to account for cases in which the LED spectra exhibited
both signal and noise responses superimposed. The fits determined the mean and standard deviation for all of
the dark current and signal measurements. With this information, the signal response of each pixel, and the
average gain and relative responses for the 16 pixels within all 602 PMTs were evaluated. These results will be
used to classify the performance of the tubes and their associated pixels. The performance of each tube is then
classified by sectioning the range of the average gain into four distinct sub-groups in order to characterize its
performance. The relative responses of the PMT pixels are used to determine which PMTs have the best and
worst performance characteristics.

XRF Detector Calibration at SNOLAB
Anna Millington

The Sudbury Neutrino Observatory (SNOLAB) is home to several detectors that are used in neutrino
and dark matter detection. These detectors are extremely sensitive to particle interactions and must be keptin a
low-background environment. The air quality in the underground clean lab is tested on a regular basis to
monitor both the particulates in the air and also Radon levels. Two elements that contribute significantly to the
radioactivity underground are uranium and thorium, which are both found in mine dust. Another source of
radioactivity is concrete dust, which gets brought into the lab in the form of concrete and shotcrete. One way to
determine the level of concrete dust in the lab is to measure the amount of calcium that accumulates on surfaces,
since the concrete used in the mines is made up of approximately 10.1% calcium. In order to make this calcium
measurement, the lab’s XRF (X-Ray Fluorescence) detector needed to be calibrated to a calcium standard to
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determine the efficiency with which the detector is able to measure the presence of calcium on a given sample.
This measurement can now be used for further analysis to determine the amount of concrete dust on surfaces in
the lab.

Nucleation of Ice VII Crystals in Monte Carlo Simulations using Umbrella Sampling
Connor Buhariwalla

Ice VII is a high pressure crystalline phase of ice, typically occurring in the multi-gigapascal
regime. Experimentally, the nucleation of ice VII has been observed to occur on a nanosecond time scale,
suggesting that the nucleation barrier for crystal formation approaches zero when the liquid is deeply
supercooled. We study this phenomena using Monte Carlo computer simulations. Using the method of
"umbrella sampling", we are able to model the inception and growth of ice VII crystals at a variety of pressures,
and to estimate the free energy barriers for nucleation of these crystallites from the liquid. In this talk, I will
describe the umbrella sampling method, and explain how it provides a way to observe and study the low
probability states of the system that are involved in crystal nucleation.

Testing and Rebuilding the Tagger Microscope at the Mainz Microtron
Rebecca Campbell

This presentation will report on summer research activities in Mainz, Germany, at the Nuclear Physics
Institute of the Johannes-Gutenberg University. The Institute houses a race-track microtron known as the Mainz
Microtron (MAMI). The microtron accelerates electrons, producing a beam with energies up to 1.5 GeV. This
research project was with the “A2 Collaboration”, focusing on investigations of high-energy gamma-ray
interactions with the proton - specifically meson production and Compton scattering. In order to determine the
energies of said photons, they must first be tagged by the Glasgow Photon Tagging Spectrometer. This
determines the energies of the bremsstrahlung photon’s counterpart electron. The Tagger Microscope is a small
scale version of the spectrometer which focuses on a smaller energy range but has a much higher resolution.
This is extremely useful in threshold experiments. The specific summer research project reported here involved
testing the components of the Tagger Microscope as it had not been used in many years. It was then rebuilt and
tested with both cosmic rays and a Sr-90 source to determine whether the Tagger Microscope could be used in
future experiments in the A2 hall at the Mainz Microtron.

Asteroseismology Using Bayesian Analysis
Kieran MacLeod

Asteroseismology uses the oscillations of stars to study their structure and evolution by comparing
many observed oscillation (or pulsation) frequencies to the modes calculated for theoretical models. With this
approach it is possible to obtain parameters (such as mass, age, etc.) that are very difficult to infer using other
methods. Thanks to modern space telescopes such as Kepler or CoRoT, sufficient observational data has finally
become available in recent years to probe stars other than the Sun in great detail. The Kepler space telescope
was designed to detect Earth-like planets, but it also monitors stellar variability with unprecedented precision.
This is necessary in order to use asteroseismology to infer the fundamental properties of planet hosting stars.
However, the accuracy of traditional asteroseismic methods has been constrained by the inadequacies of stellar
models, in particular of the outer layers of solar-like stars. Using a new Bayesian method to perform
asteroseismic inference (Gruberbauer et al. 2012), I investigated two well-known Kepler targets: Kepler 21 and
Kepler 36. This Bayesian approach, unlike the common Xi squared approach, allows consideration of the
presence of systematic errors due to model inadequacies. It also permits the proper treatment of information
gathered by other means of observation. Using a grid containing approximately 2.75 billion models, I
determined the fundamental stellar parameters for both stars. The results show that previous determinations of
radii are agreed upon for Kepler 21, and too small by 5 percent for Kepler 36. This will also affect the
determination of the planetary radii.

Search for the Higgs Boson in the H-WW(¥)->lvlv + 2-jet Channel Using Multivariate Analysis
Techniques
Matthew Maurice Bluteau

The unveiling of compelling evidence for the Standard Model (SM) like Higgs boson particle this past

summer was one of the most exciting and significant scientific events of modern history; its existence would
prove the validity of the Higgs mechanism and the Glashow-Weinberg-Salam Model for electroweak unification,
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both central tenants of the SM. However, the search for the SM Higgs boson particle is far from over, and the true
properties of this newly discovered particle need to be thoroughly investigated. This talk will outline the use of
the Matrix Element Method, a Multivariate Analysis (MVA) technique, in the H>WW()—=lvlv + 2-jet channel to
further support and improve the ATLAS Higgs cut-based results. Calculation of the event probability densities
necessary to carry out the Matrix Element Method was performed using the MadGraph/MadWeight architecture,
and these densities were then employed in an Event Probability Discriminant (EPD). Currently, an improvement
in signal sensitivity, S/\/B, by a factor of 2 is seen using this technique compared to the ATLAS cut-based analysis
when only considering vector boson fusion (VBF) as the production method. A successful preliminary inclusion
of the other main production process, gluon-gloun fusion (ggF), has lead to the inclusion of the 2-jet channel into
the broader ATLAS MVA study; a brief update of this analysis will be mentioned.

Photon-Photon scattering in a vacuum acting as a birefringent medium
Nicolas Pierre LeBlanc

Quantum mechanics tells us of the uncertainty principle and how it must apply to all systems. If we
have a beam of photons intersecting an electric field, magnetic field or another beam of photons in a vacuum, the
beam of photons will propagate slightly slower due to a quantum index of refraction. To explain this we must
first know that when describing an electric or magnetic field we say it's made of virtual photons. Each of these
photons, either real or virtual, can be temporarily replaced, by a fluctuation permitted by the uncertainty
principle, by an electron-positron pair that acts as a scattering center like in a solid. These scattering centers
make it so that two beams of photons intersecting acts as a medium with a different quantum index of refraction
depending on the polarization of the two beams, thus making photon-photon scattering act as a birefringent
medium. The fact that this happens with light to light scattering can make us wonder if a similar phenomenon
happens in the vacuum.

Electrochromic Mirrors Using Amorphous and Crystalline WO3 Thin Films
Julien Légere

One of the multiple applications of thin films is the Electrochromic mirror. Also known as a smart
window, this device has the useful property of changing its optical properties when an electrical tension is
applied. This change is also reversible. Electrochromic mirrors have multiple applications: such as darkening
rear-view mirrors, Protection of objects under glass in museum displays from the effects of light, etc. Thus there
is sufficient interest in their fabrication and optimisation. The present work consists of the study of
characterizing WOs thin films produced by pulsed direct current reactive sputtering and how their optical
properties change following an amorphous to polycrystalline structure change.

Solutions to the Schrédinger Equation With Decatic Polynomial Potential
David Brandon

The Schrédinger equation is one of the most important equations in quantum mechanics. It is a partial
differential equation, the solution to which is dependent on both time and position. However, we may use
techniques to derive what is known as the time-independent Schrodinger equation (TISE). The TISE is a second
order linear differential equation whose solution is known as the time-independent wave function. The part of
the equation that varies is the potential, which depends on the physical characteristics of the
system. Differential equations are incredibly common in physics and are, unfortunately, incredibly difficult to
solve in general. Any known solution to an applicable differential equation is valuable, as they are a rarity. Here,
we present new solutions to the TISE with a polynomial potential of degree 10.

Conception et fabrication d’un laser pulsé kilowatt a base de céramique dopé a I'ytterbium trivalent
Alexandre Doucet

Nous montons un laser pulsé capable d’étre utilisé pour la gravure, déclenché passivement en se
servant d’échantillons de YAG dopé a l'ytterbium et d'un absorbant saturable fait de YAG dopé au chrome.
Lorsqu’on pompe du YAG avec un laser diode émettant a 940 nm, nous mesurons une émission de lumiere
variant de 940 nm a 1070 nm. Nous obtenons un taux de répétition de I'ordre de la microseconde et une
puissance créte de 'ordre de quelques Kilowatts avec une longueur d’onde de 1030 nm. Le résonateur est fait
d’un miroir hautement réfléchissant et d’'un miroir courber qui sert de coupleur de sortie. Du dommage sur les
composantes du résonateur limite la puissance de sortie possible.
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Powering a Giant: Using X-ray Emission to Determine the Power Source of Ultraluminous Infrared
Galaxies
Jennifer Kathryn Beanlands

Ultraluminous Infrared Galaxies (ULIRGs) are one of the brightest sources of infrared radiation in the
Universe, with luminosities upwards of 1012 times that of the Sun. To produce the extreme infrared luminosity
found in these dusty galaxies, it is thought that they are powered by starbursts, Active Galactic Nuclei (AGN), or a
combination of both. Because these galaxies contain a large amount of dust, most of the defining characteristics
are obscured, making it difficult to identify the nature of the power source. High energy X-rays are able to
penetrate much of the obscuring gas and dust, and potentially reveal the power source. Both AGN and starburst
emission produce very specific X-ray spectra, which means that it should be possible to distinguish between the
two by examining only the 0.5 to 10.0keV spectral range of specific ULIRGs. To do this, spectra between 0.5 and
10.0keV were created for a sample of eleven ULIRGs from observations made by the space-based telescope,
XMM-Newton. The X-ray spectra were fitted with starburst and AGN models using the Xspec software. Most of
the objects appear to be starburst driven. We will discuss the implications of this result.

Molecular Dynamic Simulation of Copper Film Growth
Aaron Martin

By using molecular dynamic simulations to study the effects of temperature, deposition rate and
deposition energy one is able to measure physical properties on the atomic level of a growing copper film. By
using these measured values to compare with values obtained in our lab we hope to find a strong correlation
between the simulation and experiment. The physical properties we are comparing include: biaxial stress,
crystal size, crystal orientation and diffraction scattering.

Understanding the Effects of Human-Generated Aerosols on Precipitation
Landan MacDonald

Atmospheric aerosols are fine particles that are suspended in air that have both natural and human-
generated sources. These particles have a profound effect on cloud formation and properties as well as the
climate because every cloud droplet forms on a pre-existing particle, known as a Cloud Condensation Nuclei
(CCN). Changes in aerosol concentrations (e.g. due to human-generated emissions) will thus increase the
number of cloud droplets, which in turn increases the amount of sunlight reflected by the cloud (due to an
intensification of scattering by the increased number of cloud droplets) and may reduce the precipitation from
the cloud due to a smaller average cloud-droplet size. A model known as the System for Atmospheric Modelling
(SAM) is used to reproduce marine stratus clouds measured by SOLAS aircraft campaign. The model is also used
to predict the sensitivity of the precipitation of marine stratus to aerosol changes.

Time-Resolved Optical Investigations of InAs Quantum Dots within a Dielectric Microcavity for Quantum
Information Applications
Mathew Britton

The strong promise of a quantum computing architecture based on semiconductor quantum dots has
lead to the pursuit of the optical control of charge and spin qubits within these systems. One approach is to
realize a computational platform based on quantum dot ensembles, in which each qubit would be encoded in a
subset of quantum dots within the sample. This work investigates the efficacy of implementing an optical
microcavity as a tool for separately addressing subsets of quantum dots with different excitation energies to use
as separate qubits. Angle dependent photoluminescence and pump-probe spectroscopy measurements were
performed on an ensemble of InAs quantum dots within a dielectric Bragg stack microcavity, the results of
which are compared with the results of transmission measurements on the sample. It was found that there are
subsets of quantum dots with transition energies that correspond to the transmission resonance of the
microcavity for increasing angles of laser excitation. These optically accessible subsets of quantum dots have
the potential to act as addressable qubits.

16



Effect of pressure on the optical, electrochromic and photochromic properties of Mo03
Martin Chiasson

Chromogenic references to the reversible optical property change that occurs in certain materials
under certain conditions. Two examples of this are electrochromism and photochromism, where an electric
field or exposure to a certain region in the light spectrum respectively is used to alter the optical properties of
the sample. In this presentation, we will discuss the correlation between the optical, electrochromic and
photochromic properties and nanostructures of molybdenum trioxide (MoOs3) thin films when the material is
deposited at various pressures. The results show that the transmission of the material greatly changes as the
pressure varies, a property also observed after lithiation and exposure to ultraviolet light. Future research will
focus on further study of these properties over a wider range of deposition pressure.

Numerical Simulations of Helicoidal States in a Thin Film
David Lake

The focus of this research was the numerical study of the magnetic structure of thin film MnSi. Since
this system lacks inversion symmetry, it experiences an interaction between neighbouring spins due to spin-
orbit interaction. Such an interaction will favour the perpendicular alignment of neighbouring spins, leading to a
variety of interesting magnetic textures. Among these are helicoids, which are promising candidates for
information storage. This research investigated of the influence of boundary conditions on the magnetic
structure of a thin film helicoidal magnet. A numerical algorithm was constructed to model the helicoid by
consideration of Exchange Interaction, Dzyaloshinskii-Moriya Interaction and Zeeman energy. In particular, this
project explored the effect of a weakening of the Dzyaloshinskii-Moriya Interaction at the film boundary.

Improving the efficiency and manufacturability of organic solar cells using lamination techniques
Patricia Anastasia Knox Oliver

Photovoltaic devices must be efficient, inexpensive, and possess long term stability in order for solar
energy to become a viable alternative to fossil fuels. In particular, solar cells composed of organic molecules or
polymers can be processed from solution, and often only need to be hundreds of nanometers thick to absorb
most of the incident sunlight. Unfortunately, surface roughness can prevent the organic, solution-processed
layers from being completely planar and continuous. Lamination involves preparing the layers independently on
stamps, which are peeled away once the various components have been brought into contact. Besides ensuring
that the layers are planar and continuous, lamination also eliminates problems associated with adjacent,
solution-processed layers being soluble in the same solvent. In this study, single-junction organic solar cells
were constructed using lamination techniques. It was concluded that the application of pressure is not a suitable
method for inducing film transfer because the flexible stamp will stretch, and tear the film. Instead, heat can be
used to induce film transfer without affecting the continuity of the film.

Propriétés électriques de couches minces de W03 amorphes et polycristallins lithiés
Roby Gauthier

Les couches minces des oxydes de métaux de transition (OMT) présentent des propriétés trés
intéressantes. Dans ces matériaux, on peut induire un changement réversible des propriétés optiques et
électriques par l'effet externe d’'un champ électrique (électrochrome) ou de chaleur (thermochrome) ou de
lumiére (photochrome). Un exemple tres connu de ce genre de matériaux est le trioxyde de tungsténe (W03) qui
présente un changement efficace de la couleur quand on applique un champ électrique. Ce changement arrive
avec 'insertion et 'extraction d'ions et d'électrons au sein de ces couches. Généralement, les propriétés optiques
des couches minces de W03 sont trés bien connues, mais les propriétés électriques ont été tres peu étudiées.
Dans ce projet, on a mesuré la résistance et sa variation en fonction de la température de couches minces
électrochromes de W03, amorphes et polycristallins, possédant différents degrés de lithiation.

Electrical properties of carbon nanotube yarns
John F Niven

Carbon nanotubes (CNTs) are self-assembled nanostructures consisting of one or more graphene
sheets rolled to form hollow cylinders. CNTs have generated much excitement and research activity due to their
excellent properties at the individual nanotube level, including strength, flexibility, and high thermal and
electrical conductivities. These properties have inspired a variety of potential applications, such as transparent
electrodes, thermal interface materials, and as additives to increase the thermal and electrical conductivities of
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CNT/polymer composites. However, in order for the properties of CNTs to be utilized in real-world applications,
novel three-dimensional macroscopic carbon nanotube materials must be designed, and their physical
properties must be understood and improved.The electrical conductivity, IV-curves, and magnetoresistance, of
14 pm pure CNT yarns have been measured from 5-300 K using a Physical Properties Measurement System
(PPMS ©) from Quantum Design. Electrical conductivity was found to be 800 S cm-t at 300 K. The yarns show
non-Ohmic behaviour below 10 K and negative magnetoresistance for all temperatures. Samples have also been
characterized using scanning electron microscopy.

Quantification of photophysics and copy number of fluorophores in a single cell using photobleaching
and Bayesian Monte Carlo Fitting
Chieh-Ting(Jimmy) Hsu

Green Fluorescent Protein (GFP) exhibits bright green fluorescence when exposed to light and is used
as a powerful tool for the quantification of gene expression and the visualization of protein localization.
Standard fluorescence microscopy cannot resolve individual GFP molecules in a cell and they cannot be used to
determine the exact number of GFP in a cell, or copy number, during an experiment. However experimental
studies have always been done under the assumption of the same photophysics in each cell even though it has
never been tested. Photobleaching of fluorophores (e.g. GFP), a stochastic process, is the deactivation of
fluoresecent ability of fluorophores, it appears to be an exponential decay on average, however fluctuations are
big even at low number of GFP. Fluctuations during the decay are due to individual photobleach events, so we
can use them to determine the number of fluorophores in a single cell. We have developed a Monte Carlo
algorithm which incorporated Bayesian statistics to compute the likelihood distribution of initial GFP copy
number using photobleaching decay curve as well as the probability distribution of other parameters in our
model.

The Supersymmetric Quantum Mechanics of the Kratzer Potential
Ashley Nicole Arsenault

Supersymmetry is a mathematical concept which arose from Quantum Field Theory. However, its
development led to investigations of its applications in other areas of physics. Notably, its utility in traditional
quantum mechanics was so fruitful that it led to the birth of an entire new field, which we call supersymmetric
quantum mechanics, or SUSY QM (pronounced Suzy-Cue-Em). Supersymmetric quantum mechanics is a
powerful tool that, in some cases, allows us to solve the difficult Schrédinger equation with much more ease than
our traditional analytical methods. It is also useful for generating new solvable potentials, along with their
corresponding energy spectra and set of wave functions. It is a method of choice for establishing solutions to
generalized potentials which can be applied to a number of real-world physical systems. One of the simplest and
most common of these generalized potentials, and yet one which thus far lacks much recognition and
understanding, is the Kratzer potential: a one-dimensional potential dependent solely on distance, and two
scaling parameters. An important example of the manifestation of this potential in nature is the hydrogen atom,
whose analytical solution is highly complex. SUSY QM, however, simplifies this problem greatly, and paired with
the generality of the Kratzer potential, provides a straightforward solution to a vast number of real systems.

18






-
»q(kowue PLAZA
pecbidod Hotcals

=1

e

- R

prred s

e
1%

©
pel =
“lEs
SEE
« Moncton
, ,, ..
u




GRAD FAIR PARTICIPANTS
UNIVERSITY OF

WATERLOO B sucaias

V]l C
R
SANTMARYS IMcMaster
W UNIVERSITY $INCE 1802 UanCI'Slty ﬁ
One University. One World. Yours. SRS

'Ym’('
& I Institute for
Quantum

[/ .
Q.l’ew@nlﬁ | Computing

Department of Physics, En gineering

Carleton  NIVERSITY
W UNIVERSITY Q(GUELPH

anada’s Capital University

ACKNOWLEDGMENTS




Sponsors

LAMDAAGUARD

Advanced Systems Engineering

S UNIVERSITE
CROWNE PLAZA ' . ’ DE MONCTON

MONCTON DOWNTOWN

=\

I‘ 0‘:-
\ I >

Science
Atlantic % Atlantique

22



