
Please note that times within sessions are approximate. Presentations may begin earlier or later than the listed time
depending on previous talks in the session.

Saturday Morning Session
Computer Simulation of two polymers confined to a box-like cavity
Desiree A. Rehel, University of Prince Edward Island
9:30 a.m.

This study, which is motivated by some recent experiments on confined DNA, investigates systems of two identical,
linear polymers confined to a box-like cavity with a square cross-section and strong confinement in one dimension.
Both Brownian dynamics and Monte Carlo computer simulations, modelling the polymers as bead-spring chains, were
used to study the system. Results for quantities such as a time constant characterizing the decay of the mean-square
displacement of the centres of mass of the polymers and position probability distributions were analyzed. The behaviour
of the system is dependant on box size, and four behavioural regimes were found: (1) The box is large enough that the
polymers rarely interact with each other, and the behaviour of the system is unaltered. (2) The box is still large, but the
polymers interact more frequently and have a slight preference for the box corners. (3) The box is small enough that
the polymers frequently interact but still prefer to be segregated and behave like a Brownian rotor. (4) The box is too
small to allow Brownian rotor behaviour, and the polymers start to overlap. In recent experiments on polymers confined
to a box with a 10:1 width to height ratio, the polymers the dynamics of a Brownian rotor, consistent with the third
behavioural regime observed in the present study.

How to Run an Electron Accelerator From Home
Alicia Postuma, Mount Allison University
9:45 a.m.

The A2 Collaboration aims to measure nucleon polarizabilities, fundamental properties of protons and neutrons that
describe their inner structure. Polarizabilities are measured by studying Compton scattering events between nuclei
and real photons at medium energies. To observe these events, the Mainz Microtron accelerates electrons and uses
Bremsstrahlung to create a photon beam, which is incident on a hydrogen or helium target. This process is simulated by
a series of programs based on CERN ROOT and Geant4. To run the electron accelerator from home, Monte Carlo event
generation is used to create specific physics processes, such as Compton scattering and pion production. These events
are fed into a simulation of the target and detector geometry, which replicates theway the events would occur in the target,
and returns the output that would be measured by the detectors. The simulated output is given to an analysis toolkit to
package the data in a useful manner, and analysis code is written by the physicist to answer the specific questions driving
their research. Uses of simulations at A2 include finding expected backgrounds, deciding where to make data cuts, and
the design and development of new equipment. This year, an important use of Geant4 simulation is to determine the best
configuration of parts in a new helium target, which will be important in measuring the polarizabilities of the neutron.
Simulations are a vital but sometimes overlooked part of experimental particle physics, of great importance to A2 and
anyone who studies the fundamental properties of matter.

Extraction of Differential Cross Sections for Neutral Pion Production Off Helium-4
Jenna Chisholm, Mount Allison University
10:00 a.m.

Quantum Chromodynamics (QCD) is the theory of the strong force, which governs the internal structure of particles,
such as protons and neutrons. The A2 Collaboration in Mainz, Germany is currently investigating QCD by measuring
nucleon polarizabilities, which are fundamental structure observables sensitive to the inner workings of the nucleus.
The A2 accomplishes this by shooting low to medium energy photons at a target, detecting the reactions, and analyzing
specific processes that occur. The polarizabilities can then be measured by looking at processes such as Compton
scattering, since their cross-sections are dependent on fundamental structure constants, such as the polarizabilities.
These polarization observables have been previously measured, however the uncertainty of these measurements on
neutrons is signicantly worse than that of protons, since we cannot simply have a free-neutron target. Thus, over the
years the A2 Collaboration has taken data on several different target materials in an effort to measure polarization
observables to a higher degree of precision. In June 2019, data was taken on a Helium-4 target, requiring work on
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several pieces of code which would be able to identify certain processes and calculate their differential cross sections.
By first completing this task for neutral pion production, we will be able to develop the framework for calculating the
differential cross-sections of Compton scattering and extracting nucleon polarizabilities.

Searching for the Signature of a Tetraneutron Resonance
Conor Waterfield, Saint Mary’s University
10:15 a.m.

Many environments in the universe give rise to conditions extreme enough to allow exotic forms of nuclear matter.
Understanding how this matter interacts allows us to better understand the nuclear forces and astronomical phenomena
such as neutron stars. A tetraneutron is an exotic nuclear form which is composed of four neutrons. Its existence is
debated, with an open question whether they can be held together briefly in a short-lived resonant state. The existence
of the tetraneutron state would be observable in reactions with four neutrons as their end product. At the IRIS facility
at TRIUMF, an experiment involving the reaction 8He(d, 4n)6Li was carried out by reacting a beam of Helium-8 with
a deuterium target and measuring the kinematics of the resulting Lithium-6. The existence of the tetraneutron state
could be determined from the missing mass spectrum. In order to be able to interpret the results of the experiment,
the effect of the non-resonant four neutron final state must be determined. This is done by simulating the non-resonant
reaction with five-body final state through the experimental setup. I will present part of my ongoing work of building
this simulation using the properties of the reaction and the experimental setup.

The Boost Vector of the Belle II Detector
Noah Tessema, St. Francis Xavier University
10:30 a.m.

The Belle II experiment hosted by the Japanese High-Energy Accelerator Research Organization (KEK) is at the fore-
front of New Physics (NP) research in the world. This super B-factory operates at the SuperKEKB accelerator using
antisymmetric beam collisions - the electron beam (7 GeV) collides head-on with the positron beam (4 GeV). Due to the
asymmetric beam, the laboratory frame is not the center-of-mass (COM) frame in the collision, and it causes the decay
products to be boosted in the forward laboratory frame. As an institutional member of the collaboration, St. Francis
Xavier University is responsible for measurements of the precision boost vector and other related energy correction
measurements throughout the lifespan of the experiment. We use principles that were formerly applied to the BaBar
experiment to account for and correct this systematic error.
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Sunday Morning Session
Non-linear Bulk Electron Transport with the McKelvey Shockley Flux Method
Yi Ming Chang, Dalhousie University
9:30 a.m.

Understanding how electrical current flows inside a semiconductor is one of most important study to basic physics with
applications for electronic devices. There are many applications connecting with, for instance, nanoscale devices and
power devices. After the invention of transistors, it shows the strengths of electric field cannot be hold in linear response
of Ohm’s law, since conductance/resistance become electric field dependent. Using new formulation of the McKelvey-
Shockley equation that describes electron transport in semiconductors at linear and non-linear conditions. We develop
two types of method to solve the McKelvey-Shockley theory, the numerical solution and the integral solution. By
comparing these two solutions, we obtain same results in linear and nonlinear regime. Overall, we believe the McK-S
flux method is simple and physically intuitive, and it can describe linear and non-linear electron transport.

Spectroscopic Analysis of Galaxy Merger Remnants with Tidal Features
Ophélie Karishma Leste, Saint Mary’s University
9:45 a.m.

Galaxy interactions are one of the key mechanisms driving their evolution. These interactions leave imprints on galaxy
structure visible in deep images. We study galaxy merging features (shells and streams) based on Kado-Fong et al.
(2018) classification of a sample of 21 000 galaxies with spectroscopic observations from the Sloan Digital Sky Survey
(SDSS) and available deep images from Hyper Supreme-Cam Subaru Strategic Program. We first improve the classifi-
cation of merging features by visually inspecting original galaxy images and the ones filtered to accentuate tidal features.
For the sample of 1500 galaxies harbouring either shells or streams, we further analyse spectroscopic measurements
obtained from the SDSS database. We find that galaxies classified as having shells are more massive and have older
stellar population than both featureless and galaxies with streams. From emission lines measurements, we calculate the
star formation rates and build diagnostic diagrams that classify emission-line galaxies based on the dominant ionisation
mechanism. Our results show that shell galaxies are on average forming stars at lower rates than galaxies with streams,
which correlates with their older age. About half of galaxies hosting shells show some levels of active galactic nucleus
(AGN) activity. We will explore this connection between galaxies with merging features and their AGN by analysing
their X-ray properties. Furthermore, we will investigate the environments of post-merging galaxies by creating maps of
galaxy densities around them.

Designing and Simulating Wavelength Shifting Geometry in an Active Helium Target
Isabelle Dolan, Mount Allison University
10:00 a.m.

Scalar polarizabilities are fundamental characteristics closely related to the internal structure of nucleons. While the
polarizabilities of the proton have been well studied, the neutron remains elusive due to the lack of a free-neutron target.
Based at the Institute for Nuclear Physics in Germany, the A2 Collaboration has proposed a new active helium target
filled with helium isotopes that would allow better access to the neutron. This design would allow for the collection of
scintillation light within the active volume, which would reduce backgrounds. The blast of photons emitted from each
collision are in the vacuum ultraviolet, while the silicon photomultipliers used only detect in the 200-900 nm range.
Thus, a wavelength shifting material is needed. This research examines potential configurations of wavelength shifting
fibers to be placed within the target and simulates the light collection and output of each design. Monte Carlo and Geant4
simulations have been carried out to compare scintillation light collection between prototypes. Once the target is built,
the neutron scalar polarizabilities can be applied to help explain quantum chromodynamics in the non-perturbative
region.
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IRAS 13: Windy or Warm?
Angelo Hollett, Saint Mary’s University
10:15 a.m.

The centers of galaxies are home to some of the most amazing objects in the universe; Supermassive Black Holes
(SMBHs). SMBHs consume gas, dust, and stars, through a process known as accretion. The centers of the host galaxies
are said to be actived during this process, and are denoted as Active Galactic Nuclei (AGN). IRAS 13224-3809 is a
particular AGN which has been observed and studied extensively over the past two decades. This AGN regularly shows
strong absorption features in high-energy X-ray regimes. Similar features are often attributed to highly ionized winds
being expelled from the accretion disk, known as Ultra-Fast Outflows (UFOs). However, another explanation for the
appearance of such features is the presence of absorption lines originating from warm material in the accretion disk. A
method is presented to explore a specific correlation expected during the presence of a disk-originating absorption line.
Developing tools to distinguish the presence of aUFO from disk-originating absorption lines is vital to our understanding
of the life cycles of galaxies. UFOs are of significant importance as they will influence host galaxy evolution. It is
important to determine the origin of these X-ray spectral features and consider all alternative models.

Investigating the Structure of Neutron Rich Calcium Isotopes
Jacob Hollett, Saint Mary’s University
10:30 a.m.

In stable nuclei, the seemingly regular patterns of a number of observables have long since been able to be successfully
described by a shell model framework that results in particularly stable nuclei having closed shells, which occur at
specific neutron and/or proton numbers. However, this picture is shown to change in short lived, exotic nuclei that exhibit
extremely asymmetric proton to neutron ratios. In observing these changes in shell structure, we are further improving
our understanding of the nuclear interaction. Forming a complete understanding of shell structure and associated shell
closures requires knowledge regarding the orbital occupancies of these exotic nuclei. An experiment was conducted at
TRIUMF, Canada’s particle accelerator centre, to investigate such orbital occupancies in neutron rich calcium nuclei.
These nuclei, with a conventional closed proton shell of Z = 20, draw interest with new neutron shells signalled at N
=32 and 34. An overview of the experiment and parts of analysis undertaken will be discussed in this presentation.
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Sunday Afternoon Session
Using Pulsars to Probe the Black Hole content of 47 Tuc.
Peter Smith, Saint Mary’s University
2:45 p.m.

Globular clusters (GCs) have long been thought to be ideal candidates to host Intermediate Mass Black Holes (IMBHs).
Recently, the GC 47 Tuc has been subject to claims that it may host a central IMBH, with accelerations derived from
pulsar timing being used to bolster these claims. To investigate these claims, we fit multi-mass models with varying
amounts of dark mass to the available observational constraints. Our best fitting models accurately reproduce the
kinematics of the cluster and incorporate pulsar accelerations into the fitting pipeline. When we compare the results of
the fitting which incorporate pulsar accelerations and those that don’t, we find a good agreement in the model parameters
as well as in the black hole content. For both sets of models, we find a 95% probability that the total mass in black
holes is less than 420 M�. Given that the proposed mass of the IMBH in 47 Tuc is 2300 M� we conclude that with
the current pulsar acceleration data there is no need to introduce a central IMBH in 47 Tuc. We finally discuss possible
issues with previous results as well as future directions.

Retrieving Balmer Line Profiles
Mathieu Perron-Cormier, Université de Moncton
3:00 p.m.

The Balmer line profiles are caused by the absorption of photons by electrons on the second energy state of hydrogen
atoms. In stellar spectra, these absorption lines can span for more than 100 Ã. . . and mix with absorption lines of other
chemical elements. To develop a method to subtract the Balmer profiles from the observed spectra, we have developed a
toy model to approximate their shape by a Voigt profile using a weighted sum of Gaussian profile and Lorentzian profile.
This approximation was further developed by taking into consideration the variability of temperature as a function of
optical depth in stellar atmosphere. The Balmer profile can then be recovered by fitting the model using a least squares
algorithm. This approach was tested using the high resolution and high SNR spectra of HD22920 and HD166473
obtained with the spectrapolarimeter ESPaDOnS at the Canada-France-Hawaii Telescope.

On the best thermoelectric
Luke Fraser-Leach, Dalhousie University
3:15 p.m.

There is interest in increasing the efficiency of thermoelectric materials for their practical applications. We attempt to
set a theoretical upper limit on PF and ZT , two measures of theroelectric performance, by determining the optimal
transport distribution function (TDF) for these two figures. The question of the optimal TDF for thermoelectrics was
first addressed by Mahan and Sofo in their work "The best thermoelectric". In this presentation, I discuss why their
answer is incomplete and present our answer to their question.

Analysis of the stochastic noise of the membrane potential of resting neurons
Samuel Fontaine, Université de Moncton
3:30 p.m.

In this presentation, I will briefly present the research that was done last summer. The research was done in the field of
computational biophysics, in particular the analysis of the noise of the membrane potential of a resting neuron. I will
firstly go over the basics of the anatomy of a neuron and the terminology needed to adequately understand the subject of
the presentation, such as membrane potential, action potential, resting potential, axon, and so forth. During the summer,
I started studying the neuronal models by numerically solving membrane equations to grasp a better understanding of
the analysis of a neuron’s membrane potential. I coded, and am still in the process of perfecting, a code that we simply
input the currents we would want in a model, and it spits out the differential equations or a model with said currents. I
also studied mathematical dynamics as well as analysis of non-linear data using MATLAB. After the learning part of
the summer, I then analyzed the stochastic noise in neurons at rest. I want to analyze the differences and the similarities
in the noise of a neuron while the neuron is spiking and while it isn’t. The membrane noise appears to have fast and
slow oscillations, that could be the cause of the action potentials. If these oscillations do cause such actions potentials,
I could then make a specific model containing these oscillations, that would further improve our knowledge of how
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neurons work.

Elastography With Portable NMR
William Selby, University of New Brunswick Fredericton
3:45 p.m.

Magnetic resonance elastography uses vibrations to induce shear waves in a sample which are then detected using
magnetic resonance imaging. By synchronizing a motion sensitizing gradient with the vibrations, the NMR signal
becomes sensitive to phase, which can then be converted into the elasticity modulus. In a medical setting, this can be
used to distinguish between healthy and unhealthy tissues that have different elastic properties. This research investigates
the feasibility of elastography using portable NMR. Using a three-magnet array with a constant gradient of 250 G/cm
and a mechanical actuator vibrating at 50 Hz, the first echo is acquired with an echo time of 0.5 ms. By varying the
offset between the vibration and the measurement, the NMR phase can be recorded at various points in the vibration
waveform, which can then be used to find velocity. To investigate the feasibility of this measurement, velocity data is
acquired for samples of polyurethane of different hardness (Duro 30,40, and 60). Differences in velocity waveforms
correlate with the elastic and viscoelastic properties (both the elastic modulus and tangent delta) of measured samples.
With the measurement working properly, we can attempt to measure elastic properties and begin to move into more
tissue-like materials.

Fundamental Parameters of the 31 Cygni Stars and Orbit
Nick Milson, Dalhousie University
4:00 p.m.

Models of stellar evolution are inherently hindered by the uncertain nature of stellar winds. Empirical determinations of
fundamental stellar parameters are therefore necessary to place real evolved stars on the Hertzsprung-Russel diagram, to
constrain future models of stellar evolution, and to confirm/contradict current models. Our work attempts to determine
the effective temperature of the stars in the 31 Cygni binary system, which includes a cool red supergiant star, and a
hot companion star. The effective temperatures are found by fitting model spectra to observed spectra. High resolution
models are fit to the detailed shape of high resolution spectral lines, while fitting model spectral energy distributions
to low resolution, but flux calibrated, spectra provides an independent constraint on the determination of effective
temperature via the emergent stellar flux distributions. The process of fitting the models to the observed data requires
the determination of other parameters, such as a Doppler shift parameter (to fit the particular line-of-sight, or radial,
velocity of the star), an interstellar extinction parameter, a flux scaling parameter, and a line broadening parameter.
The objective of this work is to determine the effective temperature of both stars in 31 Cygni. This naturally leads
into a follow up project to determine stellar luminosities and masses, and thus compare 31 Cygni’s Hertzsprung-Russel
diagram placement to models of stellar evolution.

Alternative Theories of Gravity: Examining f(T) Gravity Cosmological Models
Daniel Winters, St. Francis Xavier University
4:15 p.m.

Finding new, alternative theories of gravity is of strong interest of researchers in the field of Cosmology. Even though
Einstein’s theory of General Relativity (GR) works very well in describing the dynamics of small scale and solar-
system scaled systems, it continues to have difficulties modeling the dynamics in the cosmological and quantum scales.
In Cosmology, GR can not competently explain the well-observed continuously accelerating expansion of the universe
without the introduction of a "fix", notably named the cosmological constant. This unobservable fix accounts for dark
energy, which comprises 68 percent of the total mass-energy in the current universe. Accounting for the majority of
the universe’s energy and matter budget by adding an unobservable fix in GR models is unsatisfactory. Perhaps an
alternative theory of gravity, such as Teleparallel Gravity, may better explain the effects of dark energy and matter,
without the need of introducing the cosmological constant. In the context of an extension of Teleparallel Gravity, f(T)
Gravity, we undertake cosmological models and search for their solutions. Within a suitable choice of non-diagonal
tetrad frames, the decoupled equations of motion are obtained for the most general case of Bianchi V symmetry models,
from which we obtain the correspondent solutions. A unique result arises, and it is shown that for the most general
Bianchi V model that the time derivative of the torsion scalar set equal to zero is a solution.
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Extracting the real and imaginary parts of a Photoacoustic Infrared spectrum
Joseline Aimee, Memorial University
4:30 p.m.

Vibrations among atoms in a solid material can be triggered by absorbing infrared light. The energy associated with
different kinds of vibrations, such as bending or stretching, are influenced by the types of atoms and their arrangements.
Photoacoustic Fourier Transform Infrared Spectroscopy (FTIR-PAS) is an experimental technique that allows us to
assess what energies of infrared light a solid material can absorb. The core focus of our research is to analyze changes
in FTIR-PAS peak positions, heights, and widths as we keep the sample the same, but change the photoacoustic detection
parameters. My talk will explain how we investigate whether differences between the real and imaginary parts of the
FTIR-PAS spectrum are related solely to instrumentation effects, or if they can tell us useful information about the
structure about our solid samples.

Monte-Carlo Analysis of Three Kepler Binary Star Systems
Padraic Odesse, Mount Allison University
4:45 p.m.

In a binary star system, two stars orbit a common center of mass. Depending on its orientation, we may observe a
periodic decrease in the brightness of a binary system corresponding to an eclipse of the two stars. Eclipsing binaries
are of particular interest in stellar astrophysics – their behaviour is governed by well-understood physical laws, so we
may constrain the absolute characteristics of each star through analysis of the light curve produced by the system. The
aim of this research is to constrain several physical parameters of three binary systems from the Kepler catalogue. To
achieve this task, I used the stellar modeling package PHOEBE (Physics Of Eclipsing BinariEs) to generate potential
models for a given set of parameters, and used Markov Chain Monte Carlo (MCMC) methods implemented by the
emcee python package to estimate expectation values. By sampling different parameter sets for our simulated binary
systems, I was able to fit synthetic models to the light curve data of the three eclipsing binaries, and derive a set of
well-fitted binary parameters for each system. The issue of degenerate solutions is a well-known problem in binary
analysis, so some degree of human intervention is required to identify if our MCMC method has converged on a set
of parameter values in the global minimum or a local minimum of the parameter space. Further analysis is required to
determine if the parameters for each star are reasonable, and adjustments will be made to the fitting process as necessary
to avoid degeneracies.

Preparation of Ge substrates for growth by molecular beam epitaxy
Brett MacNeil, Dalhousie University
5:00 p.m.

The chiral magnet MnGe can exhibit many novel magnetic phenomena, such as the presence of nanoscale textures
known as skyrmions. While skyrmions have been observed in other chiral compounds such as FeGe or MnSi, MnGe
is proposed to host exceptionally small skyrmions as well as exhibiting novel chiral interactions which have not been
observed in other compounds. This material remains unstudied as a high quality thin film and its magnetic properties
make it an exciting candidate for study. This talk reports on attempts to prepare Ge(111) substrates in order to stabilize
the MnGe structure using molecular beam epitaxy (MBE). An investigation into the substrate preparation procedure
was performed using X-ray photoelectron spectroscopy (XPS) and atomic force microscopy (AFM). It was found that
exposures of a degreased and de-ionized water rinsed Ge(111) wafer to ultraviolet-ozone air can form a protective
GeO2 barrier that is 2.1 nm in thickness and reduce C contamination, although the quality of the oxide layer is heavily
influenced by external factors.
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