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1 Welcome from the Organizing Committee

Dear AUPAC Delegates and Guests,

We would like to welcome you to the Atlantic University Physics and Astronomy Conference at Mount
Allison. We have a big weekend planned and hope you enjoy every minute of it. The organizing committee
this years consists of seven third and fourth year physics students. The Chair of the committee is fourth year
student Ryan Baker and he is accompanied by Meg Morris, Jeremy Crowe, Eric Logan, Hannah Stegen, Kelly
Foran and Alexandre Landry. We had an extreme amount of support and help from Dr. David Hornidge
and would like to extend a huge thank you for all his help and effort.

This year we have added a new component in the schedule, the Women in Physics Panel. At Mount Allison
many of us are aware of the minority of females in the field and feel we need to discuss why and how we change
this. Several committee members have attended similar panels before and would like to start incorporating
it into AUPAC. The panel will consist of five speakers and the discussion will be lead by Meg Morris and
Hannah Stegen. More information on this session can be found in this booklet. We have one member of the
panel who is a biochemist. We would like to compare this issue with other disciplines to observe if there are
the same discrepancies. This event is open to all students and community member who wish to attend.

Please do not hesitate to ask any one of us or any volunteers if you have any questions about the events
and making your way around Sackville. It is our pleasure to host AUPAC this year and we look forward to
meeting everyone at the numerous gatherings.

Sincerely,

AUPAC Organizing Committee
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2 Guest Speakers

2.1 Dr. Jaymie Matthews

Jaymie Matthews is an astrophysical “gossip columnist”
who unveils the hidden lifestyles of stars by eavesdrop-
ping on “the music of the spheres.” His version of an in-
terstellar iPod is Canada’s first space telescope, MOST
(Microvariability and Oscillations of Stars), which de-
tects vibrations in the light of humming stars. MOST
also makes Matthews an “astro-paparazzo” by helping
him spy on planets around other stars that might be
homes for alien celebrities. Probably not Vulcans, but
microbes. The discovery of microbes on another world
would qualify them as news makers of the century.

A Professor of Astrophysics at UBC and a member of the Board of the HR MacMillan Space Centre,
Matthews is an expert in stellar seismology, exoplanetary science, and space astronomy. He’s the Mission
Scientist for the MOST mission, Deputy Chair of the Executive Science Team of the Canadian-Austrian-
Polish BRITE Constellation satellite mission, and a member of the Executive Council for NASA’s Kepler
project. Matthews was appointed an Officer of the Order of Canada in 2006.

Education and outreach are also important facets of Matthews’ life and career. He’s a co-founder and regular
instructor of UBC’s Science 101 course for residents of Vancouver’s Downtown East Side, and a mentor in
the national Loran Scholar programme. Prof. Matthews was a “Human Library Book” in a programme
where “readers” could reserve him for 20 minutes at a time to ask anything about astronomy. He was also
an invited storyteller at the Kootenay Storytelling Festival in 2013.

WHAT THE TEXTBOOKS DON’T TELL YOU A tale of physics and duels, harems and
heroines, and a cold case of murder

Duels? Harems? Murder? Physics??? Textbooks tend to depict the pioneering scientists of history as
scientific saints, known only for their contributions to knowledge, but rarely as colourful human beings—
sometimes heroic, sometimes flawed, sometimes both.

Science is an objective process conducted by subjective scientists. It’s important for students and the public
to understand the distinction, and it can be insightful and entertaining for them to reach that understand-
ing. I’ve chosen a few examples of astronomers whose lives and stories of discoveries would make for hit
Hollywood screenplays. Some are well known to students of science and history for their contributions. Ask
a Mount Allison Physics student the question “Whose observations and whose analyses led to our current
understanding of planetary motions?” and the response is likely to be: “Tycho Brahe and Johannes Kepler.”
But ask even seasoned scientists “Who proved that that Sun and stars are made almost entirely of hydrogen
and helium?” and the response is likely to be: “Let me get back to you on that.”

What’s the connection between Newton’s Principia and life insurance? Between alchemy, celestial dynamics
and murder? Between harems and computer clusters? And who defied the scientific establishment, her own
Ph.D. supervisor, and her own instincts to show the true nature of the stars? Find out at the AUPAC Banquet
on Saturday night, 7 February, when MAU meets CSI and traditional physics meets tabloid paparazzi.

Note: This programme may contain strong equations, violent debates and ideas upsetting to geocentrists.
Viewer discretion is advised.
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2.2 Dr. Adam Sarty

Adam Sarty is an experimental nuclear physicist and an avid
teacher/promoter of physics. He is the Associate Dean of Science – Ex-
ternal & Student Affairs at Saint Mary’s University, where he has been
a professor in the Department of Astronomy & Physics since 2000.

Dr. Sarty holds an undergraduate degree in engineering physics and
a Ph.D. in experimental nuclear physics from the University of
Saskatchewan. Following graduation, he spent three years at the Labo-
ratory for Nuclear Science at the Massachusetts Institute of Technology,
where he began a program of research into the electromagnetic structure
of light nuclei and the nucleon at the MIT-Bates Linear Accelerator, the
Mainz Microtron (MAMI), and Jefferson Lab. Dr. Sarty also spent five
years as an Assistant Professor at Florida State University before joining
the Faculty of Science at Saint Mary’s.

Dr. Sarty’s enthusiasm for his continued research at Jefferson Lab and MAMI is matched only by his passion
for teaching and science outreach. Over the years, his teaching excellence and commitment to educational
development has been recognized with various awards, including CAP’s Medal for Excellence in Undergrad-
uate Teaching (2008), the Science Champion Discovery Award from Halifax’s Discovery Centre (2008), the
Educational Leadership Award from the Atlantic Association of Universities (2008), and a 3M National
Teaching Fellowship (2011).

To further his goal of communicating science, Dr. Sarty engages in many community presentations about
physics each year to groups ranging from preschool to high-school age and beyond. He also co-chairs and orga-
nizes the annual Halifax regional science fair, and has chaired or served on numerous boards and committees:
CAP Vice-President (current), CAP Lecture Tour Atlantic-Canada Coordinator (2003–7); CAP’s Division
of Physics Education (2010–13), NSERC’s Scholarship & Fellowships Committee for Physics (2009–12) the
Canadian Institute of Nuclear Physics (2007–9); Science Atlantic’s Physics & Astronomy Committee (2003–
9); and, currently serves on Halifax’s Discovery Centre Board of Directors; the Board of the Nova Scotia
Youth Experiences in Science and is SMU’s representative to the TRIUMF Board of Management.

Teaching Physics is Hard—Learning Harder. . . Shouldn’t we study that? One Physicist’s jump
into Physics Education Research

My entry into university teaching mirrors that of most physics professors: having been hired based on the
merits of my research (nuclear physics in my case), my only knowledge of teaching was that of my own
experience. . . which led to a great deal of learning on the job as I discovered (as we all do) that teaching
physics is hard! After years of much needed professional development teaching workshops institutionally,
regionally and nationally, I became aware of many potential teaching methodologies—and chose to adopt
and incorporate some of these into my own teaching, eventually receiving some notoriety and recognition
for doing so. But the researcher in me couldn’t help but wonder if there was merit to these methodologies,
and if my students were learning more (or less?) because of my choices. During this presentation, I will use
the example of my own venture into a research project aimed at evaluating the effectiveness of my favourite
methodology as the platform to discuss some general aspects related to researching physics teaching (from
the viewpoint of a “regular” otherwise other-physics-focused researcher!), and illustrate the tip of the iceberg
that is the field of Physics Education Research.
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2.3 Dr. Catherine Lovekin

Dr. Lovekin earned her Ph.D. at Saint Mary’s University
in 2008 investigating the non-radial oscillation proper-
ties of rapidly rotating stars. She was awarded the Plas-
kett medal for this work in 2009. After graduation, she
continued her work on stellar pulsation as a postdoctoral
researcher at the Paris Observatory. In 2010, she moved
to Los Alamos National Laboratory for another post-
doctoral position before returning to Canada to take up
a position as assistant professor in the Physics Depart-
ment at Mount Allison University. Her research focuses
on the lives of stars much more massive than the Sun,
including the effects of rotation and mass loss.

Mass Loss and Rotation in Massive Stars

A large number of massive stars are known to rotate,
resulting in significant distortion and variation in sur-
face temperature from the pole to the equator. This
rapid rotation can affect both the way we view the star
and the way the star evolves over time. Massive stars,
those greater than ≈20 times the mass of the Sun also
undergo significant mass loss through radiatively-driven
winds. This mass loss is well known to be temperature
dependent, so rapid rotation is expected to result in varying mass loss rates across the surface of the star.
As the winds carry away the outer layers of the star, they carry away angular momentum, further altering
the evolution of these stars. I discuss the rates of mass and angular momentum loss from 2D stellar models
and the implications for the future evolution of these stars.
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2.4 Dr. Kyle Hill

Kyle Hill is a Project Leader at the Toronto office of the Boston Consult-
ing Group. At BCG, Kyle completed projects in the health care, mining,
retail, and consumer packaged goods industries, and he is a core member
of the health care practice area.

Kyle’s academic background is deeply rooted in mathematics and the
natural sciences. He has B.Sc. in Physics and Mathematics from Mount
Allison University, and a M.Sc. and Ph.D. in physics from the University
of Oxford. His B.Sc. research focused on small bodies in the solar system,
and his thesis combined theoretical modelling and experimental detection
of infalling space debris. His M.Sc. and Ph.D. research enabled early-
stage diagnosis of lung diseases using hyperpolarized helium-3 MRI.

Kyle also has a passion for education, and he is the co-founder of a new
non-profit organization called Teach For Canada. In 2014, Kyle sat on the Nova Scotia Minister’s Panel on
Education, which undertook a once-in-a-generation review of the province’s education system. Since 2011,
he has been a member of the Board of Directors of SEVEC, a charitable organization which funds 5000
youth exchanges throughout Canada each year. He was also a volunteer summer school teacher in Jamaica
(2008) and Ukraine (2009).

Kyle is a proud Nova Scotian, and he was born and raised in Yarmouth. In his free time, Kyle can be found
reading, running, laughing, and cheering on the Blue Jays.

A Physics Degree Opens More Doors Than You Think

Physics students often assume that their career options are limited to academia, research, or the nebulous
“industry” that swallows up the odd promising scientist.

Nothing could be further from the truth. Leaders in all sectors-private, public, and not-for-profit-continue
to grapple with a shortage of mathematically-trained talent. The physicist’s ability to break down and solve
problems in a structured, logical manner is placed at a premium in almost every workplace.

Kyle Hill has a B.Sc., M.Sc., and Ph.D. in physics, and he has worked at the Boston Consulting Group’s
Toronto office since 2011. He is also the Co-Founder of Teach For Canada, and he was an Action Canada
Fellow in 2010–2011. He will discuss the value physics graduates bring to all sectors, and he will present an
array of career options that are perfectly suited for a creative physics student.
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3 Women in Physics Panel

3.1 Dr. Li-Hong Xu

Prof. Li Hong Xu received her Ph.D. degree in Physics in the field of High
Resolution Molecular Spectroscopy in 1992 from the University of New
Brunswick Fredericton (UNBF) and continued her research at UNBF
as a Post-Doctoral fellow under the Networks of Centres of Excellence
Program in Canada. She was then invited to the National Institute of
Standards and Technology (NIST) in Maryland, U.S.A., as a Research
Associate working on research projects under the U.S. Department of
Energy. In the fall of 1995, Dr. Xu was offered a faculty position at
the University of New Brunswick Saint John (UNBSJ) and is now a full
professor since 2003. She served as the Chair of the Physical Sciences
Department at UNBSJ and has been serving on various national and
international committees. She participates in a number of international
collaborative projects with NASA and ESA (European Space Agency) in
addition to her fundamental NSERC research. She was on the Technical
Advisory Board of the Canadian Space Agency and the Chair of the
Natural Science and Engineering Research Council of Canada (NSERC)
General Physics Grant Selection Committee for 2005-07 and has remained involved in various NSERC Grant
Selection and Appeal Committees since. She currently serves as the Physics Evaluation Group Chair of
NSERC and as a member of the Committee on Grants and Scholarships (COGS), both of which are important
positions to oversee procedure and make recommendations on science policy to the government. She has
just completed a three-year term as the Chair of the Committee to Encourage Women in Physics (CEWIP),
a Division of the Canadian Association of Physicists, and is currently a steering committee member for the
Women in Physic Conferences in Canada.

3.2 Dr. Catherine Lovekin

Dr. Lovekin earned her Ph.D. at Saint Mary’s University in 2008 investi-
gating the non-radial oscillation properties of rapidly rotating stars. She
was awarded the Plaskett medal for this work in 2009. After graduation,
she continued her work on stellar pulsation as a postdoctoral researcher
at the Paris Observatory. In 2010, she moved to Los Alamos National
Laboratory for another postdoctoral position before returning to Canada
to take up a position as assistant professor in the Physics Department
at Mount Allison University. Her research focuses on the lives of stars
much more massive than the Sun, including the effects of rotation and
mass loss.

3.3 Ms. Joanna Mader

Joanna received her undergraduate degree in physics from Mount Allison
University, having conducted her honours research in Dr. David Fleming’s medical physics research lab. She
then worked for two years as a Medical Physics Assistant at the Nova Scotia Cancer Centre in Halifax,
applying her physics knowledge directly on a day-to-day basis and acquiring experience working as a physicist
in a clinical setting. Joanna went on to complete her M.Sc. in medical physics at the University of Victoria,
conducting research in improving radiation therapy treatments for lung cancer. Joanna is currently a stipend
instructor within the Department of Physics at Mount Allison University.
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3.4 Ms. Cathy Pettipas

Cathy Pettipas is the Lab Instructor/Technician and casual Lecturer for
Mount Allison University’s Physics Department. Her areas of interest are
Meteorology and Physics Education. In particular, she is interested in
physics demonstrations, outreach, and the transition from high school to
university physics. Cathy is a former operational weather forecaster and
has also previously worked as a meteorological consultant, an oceano-
graphic data analyst, and and army reservist.

Although Cathy has lived in Sackville, NB for over 20 years she grew
up in Dartmouth, Nova Scotia and studied Physics, Meteorology and
Education at Dalhousie and Saint Mary’s Universities before moving to

the “big city” of Toronto to work as a meteorologist.

3.5 Dr. Amanda Cockshutt

Dr. Amanda Cockshutt is the Head of the Department of Chemistry
& Biochemistry at Mount Allison University. She did her B.Sc. Hon.
in Biochemistry at McGill University and her Ph.D. in Biochemistry at
Western University. In the interim between completing her Ph.D. in
1991 and taking up a tenure track position at Mount Allison in 2008, she
did two post-doctoral stints (one in France, one in Sweden), had three
children, started a small biotech company (Environmental Proteomics
NB Inc) and taught a number of courses and labs. Her research is on
the molecular biology and biochemistry of the picocyanobacteria, the
very small bacterial algae in the oceans that are responsible for approximately a quarter of all primary
productivity on the planet. Her research is primarily carried out by undergraduate students at Mount
Allison.
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4 Oral Presentation Schedule

Dunn Room 106 Dunn Room 108

Sat
8:30
pg 15

The Proton Efficiency of the CB
and TAPS Detectors
Jeremy Crowe
Mount Allison University

Sat
8:30
pg 21

Verification of the Operational
Characteristics and Performance
of a Muon Telescope
Keegan Marr
University of Prince Edward Island

Sat
8:42
pg 24

Hadron Polarizabilities Data
Analysis
Hannah Stegen
Mount Allison University

Sat
8:42
pg 17

Flux Resolved Principal
Component Analysis of MRK 335
William Kidney
Mount Saint Vincent University

Sat
8:54
pg 13

Investigating the Crystal Ball
Energy Calibration
Ryan Baker
Mount Allison University

Sat
8:54
pg 24

Exploring Comptonised
Reflection from the Inner Part of
Accretion Discs
Sarah Spruin
Mount Saint Vincent University

Sat
9:06
pg 22

Active Helium Target: Neutron
Scalar Polarizability Extraction
via Compton Scattering
Meg Morris
Mount Allison University

Sat
9:06
pg 16

Abundance analysis of the stars
HD23878 and HD186568
Isabelle Gallant
Université de Moncton

Sat
9:18
pg 19

In-situ Polarization Monitoring of
the Mainz Frozen Spin Target
Dylan Linthorne
Saint Mary’s University

Sat
9:18
pg 23

Abundance and Stratification of
Elements in HD22920
Patrick Potras
Université de Moncton

Sat
9:30
pg 22

Investigating the Performance of
the Coordinate Detector
Scintillating Elements in Hall A
at Jefferson Lab
Nathan Murtha
Saint Mary’s University

Sat
9:30
pg 20

Modelling Ambipolar Diffusion
with a Single-Fluid
Approximation
Christopher MacMackin
Saint Mary’s University

Sat
9:42
pg 20

Investigation of a new
low-pressure ionization chamber
for rare isotope beam
identification
Iymad Mansour
Saint Mary’s University

Sat
9:42
pg 21

The Bias of Sub-millimetre
Galaxies
Tim Miller
Dalhousie University

Sat
10:30
pg 19

Properties of electroless copper
films at different stages in plating
Eric Logan
Mount Allison University

Sat
10:30
pg 17

The distribution of high-redshift
sub-millimetre galaxies
Kevin Lacaille
Dalhousie University
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Dunn Room 106 Dunn Room 108

Sat
10:42
pg 23

Studying Charge Density Waves
Using Electron Beam Induced
Current Imaging Mode
Ethan Antonio Avila Ruiz
Acadia University

Sat
10:42
pg 18

Detecting Zinc in Bone using
XRF techniques
Mark LeBlanc
Mount Allison University

Sat
10:54
pg 14

TEM study of CDW in
AxNb3Se4 (A=In,Tl)
Stephanie Beale
Acadia University

Sat
10:54
pg 16

Detection and Quantification of
Trace Elements in Rice and Rice
Products using X-ray
Fluorescence
Kelly Foran
Mount Allison University

Sat
11:06
pg 21

Probing the chiral magnetic
structure of MnSi using Hall
Effect measurements and
transmission electron microscopy
Simon Meynell
Dalhousie University

Sat
11:06
pg 16

Investigating Thermal
Denaturation of Collagen I Fibrils
Using Raman Spectroscopy
Johnny Farah
Dalhousie University

Sat
11:18
pg 15

Freeze-Cast Thin Films for Use in
Dye-Sensitized Solar Cells
Jacy Conrad
Dalhousie University

Sat
11:18
pg 22

Photobleaching of Randomly
Rotating Fluorescent Hoops
Will Musgrave
Dalhousie University

Sat
13:00
pg 15

Towards the Polymerization of
Nitrogen-Rich Liquids
Marc Cormier
Dalhousie University

Sat
13:00
pg 26

Simultaneous optical control of
exiton qubits confined to two
semiconductor quantum dots via
femtosecond pulse shaping
Hong Yi Shi Yang
Dalhousie University

Sat
13:12
pg 20

Experimental Implementation of
Temperature/Field Dependent
Dilatometry and Resistivity
Measurements
Alex Louli
St. Francis Xavier University

Sat
13:12
pg 14

Applications of Machine Learning
on Quantum Chemical databases:
High Accuracy for Low Cost
Andrew Cameron
University of Prince Edward Island

Sat
13:24
pg 13

New Spherical “Core-Shell”
Particles for Advanced
Lithium-Ion Batteries
Daniel Abarbanel
Dalhousie University

Sat
13:24
pg 18

Comparative study of Hulthen
potential
Tong Li
University of Prince Edward Island

Sat
13:36
pg 26

Topographic mapping of resin
based composite shrinkage-strain
during photo-polymerization
using laser interferometry
Tolson Chandler Churchill Winters
Dalhousie University

Sat
13:36
pg 17

Non-local Density Functional
Theory for an Inhomogeneous
Two-Dimensional Fermi Gas
Wyatt Kirkby
St. Francis Xavier University
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Dunn Room 106 Dunn Room 108

Sat
13:48
pg 24

MnSi thin film growth on SiC
substrates in search of
out-of-plane skyrmions
Alyson Spitzig
Dalhousie University

Sat
13:48
pg 21

Physics Beyond The Standard
Model: Search for Z’ Boson and
Dark Photon
Kyle Marshall
Acadia University

Sat
14:00
pg 23

Study of electrolyte additives
“magic chemicals” in Li-ion cells
Lina Rotermund
Dalhousie University

Sat
14:00
pg 19

Predicting the B to K* mu+ mu-
Isospin Asymmetry Using the
AdS/QCD Correspondence
Sébastien Lord
Université de Moncton

Sun
9:00
pg 25

Projecting potential climate
change impacts on the wind at
North Cape, PEI, using statistical
downscaling model (SDSM
Xiaojun Su
University of Prince Edward Island

Sun
9:00
pg 25

Cluster Statistics and Dynamics
in Systems with Competing
Interactions
Randy Timmons
St. Francis Xavier University

Sun
9:12
pg 13

Improving Magnetic Resonance
Techniques for Rock Core
Analysis
John Adams
University of New Brunswick

Sun
9:12
pg 25

Assessing the feasibility of
CaCO3 separations for
archaeological applications
Cole Walsh
Memorial University

Sun
9:24
pg 15

Measuring turbulence: Using an
acoustic Doppler system and
Particle Image Velocimetry to
measure particles suspended in
turbulent flow
Kacie Conrad
Dalhousie University

Sun
9:24
pg 13

Simulation of Transmission
Electron Microscopy Diffraction
Patterns
Michael Bauer
Acadia University

Sun
9:36
pg 23

A review on the categorizing of
TEC substorms and the
programming of a selection tool
to allocate relevant substorm
events.
Alex Nadeau
University of New Brunswick

Sun
9:36
pg 17

Measuring and reducing parasitic
heat flow in lithium-ion batteries
to improve their lifetime
Sarah Hyatt
Dalhousie University

Sun
9:48
pg 18

Analyzing Tropospheric CO over
North America and Urban
Centers using MOPITT data
Carmen Lee
Dalhousie University

Sun
9:48
pg 14

An Investigation of the
Darboux-Crum Transformation
and its Applications to
Eigenvalue Problems
Kyle Bryenton
University of Prince Edward Island
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5 Presentation Abstracts

New Spherical “Core-Shell” Particles for Advanced Lithium-Ion Batteries
Daniel Abarbanel, Dalhousie University

Lithium-ion batteries power our computers, phones and electric vehicles but there is a desire to improve the
operating time and driving range. Positive electrode materials with improved energy density exist, however,
they are not stable enough for use in electric vehicles which require thousands of cycles and at least ten
years of operational life. A way to overcome this obstacle is to make core-shell materials in which a core
with one composition is enclosed in a thin protective shell of another composition in order to develop a long
lasting material with enhanced energy density. In this talk, I will describe how core-shell materials were
made, characterized and optimized for battery applications.

Improving Magnetic Resonance Techniques for Rock Core Analysis
John Adams, University of New Brunswick

At the UNB MRI centre a major area of research interest is the study of porous media, such as rock cores,
using magnetic resonance techniques. This talk will detail work being done at the UNB MRI Centre to
improve the Spin Echo Single Point Imaging (SE-SPI) technique, which is used for measuring the porosity
of water saturated rock cores.

Investigating the Crystal Ball Energy Calibration
Ryan Baker, Mount Allison University

The Crystal Ball Detector is one of the main detectors used by the A2 Collaboration at the MAMI electron
accelerator in Mainz, Germany. This detector is used in the A2 Group’s scattering experiments to detect
the resultant particles from each scattering event. In a data run in 2012 a problem with the Crystal Ball was
discovered where large sections of the detector would stop recording data for short periods of time. These
problem sections were not used for data analysis, but were included in the calibration process. The impact
of these holes in the data on the calibrations was investigated, and it was found that they must be filtered
out due to the error these holes introduce to the calibrations.

Simulation of Transmission Electron Microscopy Diffraction Patterns
Michael Bauer, Acadia University

Transmission electron microscopy (TEM) is the only instrument for studying the physical, compositional,
optical and electronic structure of materials at sub-nanometre scales. However, TEM images and diffraction
patterns are often not easily interpretable. Rigorous numerical simulation work is required to extract as
much information as possible from the data. The goal of the project is to design and code a program that
will, in the Bloch-wave formalism, calculate the Bloch wave basis states, the atomic potential map, and the
electron diffraction pattern, for any crystalline structure at any zone-axis orientation. The work done in
this stage of the research has been the application of automated selection of diffraction beams used to form
the Bloch-wave basis states, as well as incorporating crystallographic transformations so that diffraction
patterns of 3D crystals from various coordinate systems can be projected onto a 2D Cartesian plane for
calculation and viewing. In order to test the program, diffraction patterns from artificial test crystals with
known solutions were compared to expected results. Furthermore, application to different phases of MnxSiy
will assist in the interpretation of experimental TEM diffraction pattern data allowing correlation of the
structure with the magnetic properties of the crystals.
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TEM study of CDW in AxNb3Se4 (A=In,Tl)
Stephanie Beale, Acadia University

Charge density waves are a coupled distortion of the crystal lattice and conduction electron density that
occurs in low-dimensional compounds. The Nb3Se4 crystal system has a quasi-1-dimensional nature con-
sisting of chains of Nb atoms surrounded by Se atoms in an external framework. The framework contains
large tunnels, parallel to the chains, into which Tl or In atoms can be intercalated. We have observed, for
the first time, that a CDW can be induced in the Nb3Se4 system by the intercalation of Tl. The effects
of varying the intercalate concentration on the properties of the CDW were investigated using transmission
electron microscopy.

An Investigation of the Darboux-Crum Transformation and its Applications to Eigenvalue
Problems
Kyle Robert Bryenton, University of Prince Edward Island

In 1882, G. Darboux studied eigenvalue problems given by second order differential equations. Today,
arguably the most well known example of this would be the Schrodinger equation. Darboux’s method allows
a self adjoint differential equation with a known solution to be transformed into a new equation with an
exact solution that may be written in terms of the original. When applied to the Schrodinger equation this
allows one to take a potential with known solutions and transform it into a new potential using the ground
state wave function. The new wave functions may not be the same as the originals, but it is interesting
to note that their spectrum’s will be identical except for a shift on the ground state. M. Crum expanded
on this result in 1955 where he considered the repeated application of the transform to generate an entire
class of differential equations and exact solutions. This report details the investigation of the theory behind
the Darboux transformation and how it applies to the Hulthen potential as well as the Darboux-Crum
transformation and how it applies to the Hermite differential equation, which is strongly connected to the
quantum harmonic oscillator.

Applications of Machine Learning on Quantum Chemical databases: High Accuracy for Low
Cost
Andrew R Cameron, University of Prince Edward Island

Machine learning algorithms are typically used to discover relationships between data points within a large
data set. This is often usefully applied when there are more equations than there are unknowns. Applying
machine learning to quantum mechanics has not always been feasible because large enough datasets have
not been available. As more quantum chemical calculations become public and larger databases continue
to grow, the potential to learn from data becomes more realistic. This is a statistical approach to find new
solutions to the Schrö dinger equation. In this talk I will describe our approach to using machine learning in
computational chemistry to acquire faster algorithms that use less computational resources while sacrificing
as little accuracy as possible. Our approach is to generate composite methods, meaning we will add up
previously calculated approximations and weight each component to end up with a result more accurate
than any of the components individually.
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Freeze-Cast Thin Films for Use in Dye-Sensitized Solar Cells
Jacy Conrad, Dalhousie University

The potential use of freeze-casting to make titanium dioxide thin films with an ideal morphology for use
in dye-sensitized solar cells is being investigated. In dye-sensitized solar cells, sunlight is harvested by dye
molecules adsorbed onto the surface of a semiconductor, usually titanium dioxide. The cell efficiency could be
improved by having porous periodic anodes which structure electron donor and acceptor interfaces. Freeze-
casting is an environmentally friendly process that can be used to produce nanostructured ceramics. The
technique consists of the solidification of a dispersion of ceramic particles in a solvent, followed by sublimation
of the frozen solvent and sintering of the ceramic. The pores of the resulting ceramic are replicas of the fugitive
solvent crystals, leading to the possibility of controlling the porosity by various chemical additives. Using this
technique to make highly porous thin films of titanium dioxide can potentially lead to improved efficiency
of dye-sensitized solar cells.Titanium dioxide films with high porosity have been made via freeze-casting
and characterized by surface profilometry and scanning electron microscopy. Preliminary dye-sensitized cells
have been assembled and tested using these films as anodes.

Measuring turbulence: Using an acoustic Doppler system and Particle Image Velocimetry to
measure particles suspended in turbulent flow
Kacie Conrad, Dalhousie University

Turbulent flow was examined using Particle Image Velocimetry and a pulse-coherent Doppler profiler. The
decay of turbulence was displayed in velocity trends measured by both systems. The PIV system was able
to measure the period of a seiche wave in the tank to be T = 0.6s which was close to the theoretical value
of T = 0.4s. The measured settling velocity, wsettling = 0.005m/s was also within the expected range
of values for turbulent flow. The probability distribution of acoustic backscatter amplitude was shown to
follow a Rayleigh distribution, consistent with theory. Future work will involve simultaneous measurements
with PIV and the Doppler instrument to examine how turbulence effects settling velocity, and the effects of
pulse-pair correlation on the backscatter amplitude statistics.

Towards the Polymerization of Nitrogen-Rich Liquids
Marc Cormier, Dalhousie University

Under high pressures and temperatures, it is known that crystalline molecular nitrogen transforms to an
extended, polymeric, covalent solid. Recovering polymeric nitrogen to ambient conditions in a metastable
state is of great interest as it would constitute a novel energetic material. A similar transition to a polymeric
phase has also been predicted in the liquid. Furthermore, recent theoretical studies have shown that small
amounts of impurities can significantly influence the polymerization transition pressure in both the liquid
and solid. Effects of impurities on the transition to a polymeric liquid phase of nitrogen are studied from
first principles using computational techniques. Emergent structural properties with increasing pressure are
presented for various mixtures along with a discussion of ongoing work.

The Proton Efficiency of the CB and TAPS Detectors
Jeremy Crowe

At JGU in Mainz, Germany the A2 collaboration makes use of accelerated electrons from the MAMI (Mainzer
microtron) to conduct high precision nuclear experiments with real photons. In order to observe the out-
comes of these experiments, the group makes use of the CB (Crystal Ball) and TAPS (Two Armed Photo
Spectrometer) detectors. In experiments to determine the proton spin polarizabilities (a fundamental struc-
ture constant, like mass or charge) the particles of primary concern are the photon and the proton. While the
CB and TAPS are very effective at accurately detecting photons, the matter of proton detection is a difficult
one. In order to accurately calculate cross sections, it must be known how often a proton will be missed for
a certain incident energy and recoil angle. Progress has been made to determine the proton efficiency for
2008 and 2012 data runs, but there is more work to be done. Chat Conversation End
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Investigating Thermal Denaturation of Collagen I Fibrils Using Raman Spectroscopy
Johnny Farah, Dalhousie University

Collagen is the most abundant protein in the human body. Mechanically overloaded collagen fibrils provides
evidence of lowering the denaturation temperature of collagen (65oC) and demonstrate properties of denat-
uration. This study examines thermally denatured type I collagen extracted from six month old rat tails
through the technique of Raman Spectroscopy. The Amide I, Amide III, C-H, and N-H band were primarily
analyzed in order to provide better understanding for the unique triple-helix structure of collagen. The
fibrils were subjected to a 70 oC and an 80 oC heat treatment for 10 minutes and subsequently dried with
N2 gas on a glass substrate. The 70 oC sample showed no changes (i.e. Raman Shifts) of the vibrational
modes. However, observation of error signal images through AFM showed a loss of D band and surface
structure of the collagen fibril when heated to 70 oC. Heating the collagen at 80 oC for 10 minutes showed
the Raman spectrum is a superposition of Raman spectra for the amino acids that collagen is comprised
of. Conclusively, heating type I collagen fibrils at 70 oC for 10 minutes leads to no change in the molecular
bonds but rather degradation of the D band and heating at 80 oC for 10 minutes completely breaks down
the collagen molecule into its individual amino acids.

Detection and Quantification of Trace Elements in Rice and Rice Products using X-ray Fluo-
rescence
Kelly Foran, Mount Allison University

Recently, concern about the effect of low-level arsenic (As) exposure over an extended time period has
prompted the evaluation of arsenic concentration in foods, especially rice. We set out to use x-ray fluorescence
(XRF) to examine the presence and the concentration of arsenic and other trace elements in rice and rice
products. A portable XRF analyzer was used to test samples of brown, jasmine, basmati, instant, and
microwave rice as well as mixed rice, rice krispies, rice crackers, and brown rice flour. Data from the
XRF was used to find amplitude values, in counts, for K, Mn, Fe, Ni, Cu, Zn, and As. Available calibration
standards, providing a relationship between sample mass and counts/ppm, were used in converting amplitude
values to concentration values for Mn, Zn, and As. Significant concentrations of Mn and Zn were found in
most products, and these values were compared to literature. The merit of K, Fe, Ni, and Cu detections
was explored by examining observed and expected changes in these elements between different types of rice.
The detection limit of the portable XRF system was sufficiently low to detect As in some, but not all, of the
rice and rice products.

Abundance analysis of the stars HD23878 and HD186568
Isabelle Josée Gallant, Université de Moncton

We present the first results of abundance analysis of the poorly studied chemically peculiar (CP) star can-
didates HD23878 and HD186568 recently observed with the spectropolarimeter ESPaDOnS at the Canada-
France-Hawaii Telescope. Our analysis aims to verify if these slowly rotating stars show signatures of vertical
stratification of chemical species due to the mechanism of atomic diffusion in their atmosphere. We have
individually analyzed more than one hundred and fifty absorption lines per star that belong to Fe, Cr, Ti and
others elements and have obtained their average abundance and values for radial and rotational velocities of
these stars. Each observed line profile was fitted with the synthetic profile calculated with the ZEEMAN2
code using a corresponding stellar atmosphere model for each star and appropriate atomic databases. The
best fit provides the values of the aforementioned parameters. Abundances of the analyzed elements don’t
seem to be vertically stratified in the atmosphere of these stars, except for the abundance of Ti in HD23878.
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Measuring and reducing parasitic heat flow in lithium-ion batteries to improve their lifetime
Sarah Hyatt, Dalhousie University

We use lithium-ion batteries every day in our cell phones and computers. However, their lifetime and
cycle life need to be increased. Unwanted parasitic reactions between the charged electrodes and electrolyte
occur within batteries and limit their lifetime. Reducing or eliminating these reactions will improve battery
lifetime. Isothermal microcalorimetry is used to accurately measure the heat flow produced by the parasitic
reactions. I will show how special chemical additives to the electrolyte reduce the rate of parasitic reactions
and also increase cell lifetime.

Flux Resolved Principal Component Analysis of MRK 335
William Laurence Kidney, Mount Saint Vincent University

The purpose of this study is to analyze the spectral variability of the active galaxy MRK 335 using obser-
vations in high and intermediate flux states. We use principal component analysis to examine the variable
components of the spectrum in a model-independent manner. The results indicate that approximately 98%
of the variability in each flux state can be attributed to two factors: the first component accounting for
approximately 90% of the variability is consistent with a power law varying in normalisation, and a second
component accounting for between 6-9% of the variability is one which pivots the spectrum. The remaining
factors can be attributed to noise.

Non-local Density Functional Theory for an Inhomogeneous Two-Dimensional Fermi Gas
Wyatt Kirkby, St. Francis Xavier University

The density functional theory (DFT) provides a rigorous solution to the quantum many body problem
for interacting fermions at zero temperature. In an orbital free DFT approach, the non-interacting KE
functional is of importance. Unfortunately, this functional is not known, therefore several approximate
schemes must be used to obtain the non-interacting KE functional. In this work, we utilize the Average
Density Approximation (ADA) to develop a functional which is valid in arbitrary dimensions.

The distribution of high-redshift sub-millimetre galaxies
Kevin Lacaille, Dalhousie University

The brightest high-redshift sub-millimetre galaxies (SMGs) represent the rarest and most extreme star-
forming events in the Universe and are thought to be the progenitors to some of the most massive local
galaxies. While short-lived, these SMGs contain intense stellar nurseries which are host to enormous starburst
events and hence greatly affect the Universe’s evolution. The brightest SMGs have recently been observed
to exist in most over-dense regions of the early Universe, however their distribution in space is still an open
question in astronomy. By analyzing the distribution of SMGs from high-redshift sub-millimetre surveys we
are able to better understand the relationship between SMGs and non-baryonic dark matter as traced by
less luminous star-forming galaxies.
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Detecting Zinc in Bone using XRF techniques
Mark LeBlanc, Mount Allison University

Amyotrophic lateral sclerosis (ALS), more commonly known as Lou Gehrig’s disease, is a disorder which
results in the death of motor neurons. From literature we see a possible correlation between patients with
ALS and having elevated levels of zinc in their systems. ALS and zinc toxicity in general motivate this
experiment, in which we ascertain the detectability of zinc within bone using a portable XRF system. Seven
phantoms simulating bone were prepared using plaster of Paris, each dosed with a different amount of
zinc. Measurements were made on each phantom using an Innov-X Alpha Series XRF Analyzer. Each bare
phantom was scanned once, and then each phantom was scanned a second time with a layer of simulated
soft tissue in-between the phantom and the detector. Minimum detection limits (MDL) were then calculated
using the data. From the data collected without a layer of tissue, we calculated a MDL of 23.9 0.2 ppm while
from the data collected with a layer of tissue, we calculated a much larger MDL of 160 8 ppm. These results
suggest that our system may not be optimal for detecting zinc in tissue-covered bone unless the samples
being investigated have relatively high zinc content. In other words, bone samples without overlaying tissue
are best suited for zinc detection using an Innov-X Alpha Series XRF Analyzer.

Analyzing Tropospheric CO over North America and Urban Centers using MOPITT data
Carmen Lee, Dalhousie University

Tropospheric carbon monoxide (CO) originates from natural and anthropogenic sources. CO is an important
indicator for pollutant transportation in the troposphere due to its long lifespan as well as its simple and
distinct chemical formula. Measurements Of Pollutants In The Troposphere (MOPITT) is a nadir-sounding
instrument aboard the Terra satellite; it measures CO. Terra was launched in 1999 and has been operating
for the last fourteen years. The CO data was retrieved from MOPITT and temporal and spatial plots were
made to visualize various North American regions and other major urban sites. In these plots, the production
and transport of CO around the globe and clearly be seen, showing that pollution is truly a global problem.
With a dataset as large as MOPITT’s, changing concentrations can be observed over seasons, years and
decades. In this presentation, the results from the analysis of this dataset will be shown.

Comparative study of Hulthen potential
Tong Li, University of Prince Edward Island

Hulthen potential is one of the most important short-range potentials widely used in physics especially in
nuclear and particle physics, atomic physics, condensed matter and chemical physics. Unfortunately,the
corresponding Schrodinger equation with centrifugal term cannot be exactly solved in closed formand for
nonzero angular momentum, it is necessary to use approximation methods. In this study we look at different
approximations used for centrifugal term and compare their solutions and corresponding graphs. The purpose
is to determine which approximation gives the most fitting and accurate results.
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In-situ Polarization Monitoring of the Mainz Frozen Spin Target
Dylan J Linthorne, St. Mary’s University

The A2 Collaboration at the Mainz Microtron (Johannes Gutenberg University in Mainz, Germany) are
probing the properties of the proton, through measurements of both polarized Compton scattering p(γ, γ′)p,
and meson photoproduction reactions from the proton. A primary goal of these experiments is to extract the
scalar and vector/spin polarizabilities of the proton. To get these higher order vector polarizabilities, a dou-
bly polarized system is used for fixed target collisions—that is: a polarized high energy photon (gamma ray)
beam,and a polarized proton target. In a 2012 experimental run, the A2 Collaboration used a “frozen spin
target” (FST)—polarized butanol—as a polarized proton source. When utilizing the FST, it is important to
monitor the Degree of Polarization (DoP) to help understand the time-dependent depolarization processes
and provide checks for any unexpected polarization losses. This presentation reports on a new method of do-
ing within-run in-situ monitoring of the target polarization directly using the pion photo production reaction
p(γ, π0)p.The analysis focussed on the Σ2z cross-section asymmetry to extract the target DoP observable,
PT . Multiple constraining cuts were made on the data when extracting these asymmetries to ensure proper
reaction identification, including missing mass reconstruction and carbon background subtraction (CBS).
The results showed a time-dependent decrease in PT in rough agreement with expectations,for two cases of
differing initial target polarizations; this result was seen both pre and post CBS, thus potentially allowing a
simpler analysis to achieve the DoP monitoring.

Properties of electroless copper films at different stages in plating
Eric Logan, Mount Allison University

Electroless copper plating is a key process in the production of printed circuit boards (PCBs), used to obtain
a conducting layer over an otherwise non-conducting substrate. Three studies were conducted concerning
different stages of the plating process. The first investigated concentration of co-deposited nickel in the film
as a function of film thickness. Using Energy-Dispersive X-ray Spectroscopy (EDS) and X-ray Fluorescence
(XRF), a chemical gradient was found that went from 6% nickel near the substrate to 1% at the surface of the
film. The second study examined the surface morphology of copper deposits from the beginning of plating
to the formation of a complete film. Through Scanning Electron Microscope (SEM) images along with
diffuse reflectivity measurements, the growth of copper films from isolated nano particles to the formation
of a complete layer was demonstrated. The last study sought to determine the origin of spacial variation of
copper on substrates in the first 5 seconds of plating and in turn attempted to minimize the effect. This was
done by determining at what process step this variation originated. The method developed to uncover the
origin of uneven plating was ineffective due to low reproducibility.

Predicting the B to K* mu+ mu- Isospin Asymmetry Using the AdS/QCD Correspondence
Sébastien Lord, Université de Moncton

The LHC is commonly regarded to be at the forefront of the human scientific endeavour. Its crucial role
in the discovery of the Higgs boson will likely be regarded as its greatest achievement. However, this
discovery is not the only interesting experimental result that it has generated. In 2012 and 2014, the LHCb
collaboration disclosed a series of measurements concerning the B to K* mu+ mu- decay. These experimental
results displayed systematic disagreement with the current theoretical predictions for many observables of
this process. In this work, we provide a new prediction for the B to K* mu+ mu- Isospin Asymmetry based
on the Anti de-Sitter/Quantum Chromodynamic (AdS/QCD) correspondence. This observable was one of
those for which the theoretical and experimental results showed disagreement. In our previous work, we have
shown that the AdS/QCD correspondence could be successfully used to predict the branching ratio of this
process. We were therefore motivated to see if the application of this model, instead of the standard Sum Rule
(SR) model, could resolve the tension between theory and experiment. We arrived to two main conclusions.
Firstly, in the case of zero 4-momentum transfer to the resulting muons, the AdS/QCD prediction is distinct
from the SR prediction and in better agreement with the experiment. Secondly, in the case of greater 4-
momentum transfer (larger then 4 GeV2), the SR and AdS/QCD predictions are indistinguishable and still
do not concord with the data. This model independence and ongoing disagreement can be interpreted as a
hint of new-physics.
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Experimental Implementation of Temperature/Field Dependent Dilatometry and Resistivity
Measurements
Alex Louli, St. Francis Xavier University

The study and discovery of new materials and their properties have always coincided with technological
advancement. In this pursuit, we have developed a new experimental apparatus to study the magnetic and
thermal properties of solids. Here we discuss the implementation of this new system—a low temperature
cryostat with the capacity to make electrical resistance and thermal expansion measurements. We use a
specialized bridge to make resistance measurements on the order of mOhms and capacitance dilatometry to
make thermal expansion measurements on the order of parts per million. Our goal is to achieve temperature
control in the range of 100–295K and magnetic field control in the range of 0–9T. Challenges include physical
space constraints, working with high vacuum vessels with electrical feed-throughs, maintaining uniform
temperature control and reducing mechanical and electrical noise.

We hope to apply measurements made with this new system to investigate magnetic phase changes and
calculate thermal expansion coefficients of solids.

Modelling Ambipolar Diffusion with a Single-Fluid Approximation
Christopher Thomas MacMackin, Saint Mary’s University

Most treatments of magnetohydrodynamics (MHD) assume that the fluid is completely ionized. This is
referred to as ideal MHD. However, in many astrophysical processes (such as star formation), this is not the
case; the fluid is only weakly ionized. As magnetic fields only effect the motion of charged particles, the fact
that only some of the gas is ionized will fundamentally alter the fluid dynamics. Although magnetic fields
will still effect the neutral gas through collisions between the neutral and ionized particles, field lines will
now be able to slip through the gas, rather than being “frozen in”, as the neutral particles move relative to
the ionized ones. This process is known as ambipolar diffusion. Work is currently ongoing to incorporate
ambipolar diffusion into the Zeus-3D MHD code, with the intention to apply it to the problem of star
formation. The most obvious way to represent ambipolar diffusion would be to track neutral and ionized
gases separately. However, such an approach would be computationally expensive and extremely difficult to
implement in Zeus and other existing MHD codes. As such, a single fluid approximation was used instead.
This assumes that the vast majority of the gas is neutral and thus only tracks that component. The slippage
of magnetic fields is then approximately represented by adding extra terms to the induction and energy
equations. This implementation was then tested on the problem of a C-shock, for which a semi-analytic
solution exists.

Investigation of a new low-pressure ionization chamber for rare isotope beam identification
Iymad Rushdie Mansour, Saint Mary’s University

Rare isotopes are short-lived nuclei with highly unbalanced neutron-proton ratio. Their properties are greatly
unknown since most of the rare isotopes are still not explored experimentally. Unexpected fascinating new
forms such as nuclear halos appear in rare isotopes. One of such rare isotopes is the neutron-rich nucleus
12Be. The presentation will discuss the significance of studying such rare isotopes. The nucleus is located in
a region surrounded by neighbouring nuclei that have halo structure. One of the interesting questions is how
nuclear pairing evolves in such neutron-rich regions. This was investigated using the two neutron transfer
reaction with 12Be beam at TRIUMF, Canada’s national laboratory. The experiment was preformed using
a solid Hydrogen target at the IRIS facility. In this presentation I will describe the experiment, in which
to count the rare isotope beam particles and also identify the beam species we have developed a new low-
pressure ionization chamber. Being new a development, detailed studies on effects of various parameters on
the ion chamber resolution were carried out both using rare isotopes of 12Be and stable ion beam on 86Kr.
The observations and conclusions from these studies will be presented.
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Verification of the Operational Characteristics and Performance of a Muon Telescope
Keegan Marr, University of Prince Edward Island

A muon telescope has been assembled by placing two scintillation detectors face-to-face and has been operated
in time-coincidence mode. The angular resolution can be adjusted by varying the distance between the
detectors. This presentation will emphasize one aspect of testing the muon telescope, concerned with Monte
Carlo simulation of the telescope to model known characteristics of muons. Two other aspects of testing will
be also briefly be discussed: 1) Observations of cosmic ray muons with the telescope to compare with the
simulation, and 2) Preliminary muon tomography. The final goal is to have a highly versatile teaching tool
which can do a variety of radiation based experiments with muons.

Physics Beyond The Standard Model: Search for Z’ Boson and Dark Photon
Kyle S. Marshall, Acadia University

In attempts to better explain dark matter and theoretical predictions by the standard model, it is necessary
to introduce new particles into the standard model. The Z’ boson and the dark photon are two new particles
that we hope will lead to a better explanation of dark matter. By running computational next to leading
order scattering simulations and calculations, we are narrowing down the specifics of these new proposed
particles in hopes that one day particle accelerators will be able to detect them, much like Peter Higgs did.
The talk will begin by discussing the standard model as it is accepted today and the efforts we are going
through to expand it as well as our methods of calculation. Finally, current data and results will be discussed
and future plans of the research.

Probing the chiral magnetic structure of MnSi using Hall Effect measurements and transmis-
sion electron microscopy
Simon Meynell, Dalhousie University

MnSi is an interesting magnetic material because of the fact that it is able support magnetic solitons known
as skyrmions. The magnetic structure of epitaxial MnSi, however, has been surrounded by controversy in
recent years. Hall effect measurements and transmission electron microscopy (TEM) images have been used
as evidence for the presence of skyrmions in regions where magnetometric measurements and theoretical
calculations suggest none should exist. I will present an explanation for these controversial Hall Effect
measurements and unusual TEM images that is consistent with both magnetometry and theory, conclusively
resolving some of the big questions about this exciting magnetic system.

The Bias of Sub-millimetre Galaxies
Tim Blake Miller, Dalhousie University

Sub-millimetre galaxies (SMGs) are some of the brightest and most extreme star forming events in the
observable universe. Little work has been done to investigate the clustering of SMGs and their bias to the
underlying dark matter field. Conventional wisdom states that since they have an exceedingly high star
formation rate, they should reside in the most massive regions of the universe. Through the analysis of
the Hayward et al. (2013) cosmological simulation, it is shown that the bias of SMGs is very complicated.
This implies there is some underlying astrophysics that is not understood. Proto-clusters of SMGs in the
simulation do not reside in the most massive regions of the universe. Large collections of less-active galaxies
more reliably trace the densest regions. This has large implications for observational studies aimed at
studying progenitors of the largest present day galaxy clusters by studying proto-clusters of SMGs. A better
alternative may be to look for proto-clusters of optically selected Lyman break galaxies.
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Active Helium Target: Neutron Scalar Polarizability Extraction via Compton Scattering
Meg Morris, Mount Allison University

The A2 collaboration at the Institute for Nuclear Physics in Mainz, Germany, is experimentally determining
the polarizabilities of nucleons in the grand pursuit of better understanding the strong interaction between
quarks and gluons. Precise measurement of the neutron scalar polarizabilities has been a long-standing
challenge due to the lack of a free-neutron target. Lead by the University of Glasgow and the Mount Allison
University groups of the A2 collaboration, preparations have begun to test a recent theoretical model with a
high-pressure, active helium target with the hope of determining these elusive quantities with small statistical,
systematic, and model-dependent errors. Apparatus testing, including the evaluation of new photomultiplier
tubes and a study of the effect of nitrogen concentrations on detector response, and background-event
simulations have been carried out with the full experiment projected to run in 2016. Once determined, these
values can be applied to help understand quantum chromodynamics in the non-perturbative region.

Investigating the Performance of the Coordinate Detector Scintillating Elements in Hall A at
Jefferson Lab
Nathan James Murtha, Saint Mary’s University

Experiments are run in Hall A, one of four experimental halls at Jefferson Lab (JLab), to determine the
internal structure of the proton. Upgrades to the equipment are being made in Hall A in order to make use of
higher electron beam energies; part of these upgrades includes the construction of a scintillating coordinate
detector (CDet) to be used with the Super Bigbite Spectrometer (SBS). The CDet will be composed of two
large planes of scintillating bars extruded at Fermilab, with each bar containing a wavelength shifting (WLS)
fiber that absorbs scintillation light produced in the bar and re-emits the light down the length of the WLS
fiber and to the face of a multi-anode photomultiplier tube (PMT) for detection. The scintillating bars were
initially covered with a reflective TiO2 coating to contain the scintillation light; however the extrusion process
was not uniform enough to permit accurate construction of the CDet, and in response to this the bars will
be machined to a uniform thickness after extrusion. The machining process removes the TiO2 coating, and
plans have been made to wrap the bars with aluminized Mylar after machining. The experiments relative to
this investigation aim to determine whether the machining/wrapping process of the bars will allow similar
performance to that of the bars coated with TiO2. Spatial dependence (i.e. transverse and longitudinal) of
the signals along the bar were tested.

Photobleaching of Randomly Rotating Fluorescent Hoops
Will Musgrave, Dalhousie University

Fluorophores are fluorescent molecules that can be used in fluorescence microscopy experiments to label
small objects of interest. During exposure to light, these molecules stochastically lose the ability to fluoresce
through an irreversible process called photobleaching. Remarkably, the intensity of an object decorated with
fluorophores can decay in a multi-exponential manner over time, indicating a distribution of photobleaching
rates. By taking the distribution of fluorophore dipole orientations into account, the multi-exponential decay
during photobleaching of immobilized fluorophores can be accounted for. Hoops were allowed to randomly
rotate about the axis of rotation defined by the direction of propagation of the incident light, rigidly rotating
the immobilized fluorophores coated along the surface. Implementing the rotations both stochastically and
deterministically, the average intensity decays of fluorescent hoops (with reorientation time 1/D and minimum
fluorophore photobleaching lifetime ) were recovered. Future research will involve generalizing this approach
to the sphere in order to determine the sphere’s local viscosity using its reorientation time.
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A review on the categorizing of TEC substorms and the programming of a selection tool to
allocate relevant substorm events
Alex Nadeau, University of New Brunswick

I go into detail on current understandings of the dynamically evolving auroral ionosphere. The primary
focus will be on the GPS total electron content (TEC) of the ionosphere and how it relates to tracking
substorm particle precipitation regions. The TEC measurement is irrespective of the position of the satellite
in the sky. This slant TEC is measured by the relative delay between GPS signals at different frequencies
which is dependent on the density of electrons in the ionosphere at that time. Finally a vertical projection
of that ray path at the local receiver’s horizon is taken to compare with other detectors. An integrated
column of the atmosphere gives a quantitative measurement of TEC for that particular time. I show the
TEC fluctuations in a given day can be a signature of a science-rich substorm injection. Combining TEC
and riometers absorption plots show a similar relation between substorm onset time and absorption or TEC
peaks respectively. I then explain how using a triangulation method with multiple receivers can produce a
velocity profile of the event. Discovering more about these events could solve communication problems in
the Arctic region. Also, the substorm field itself has been researched for over 50 years and researchers still
don’t know how they operate. TEC measurements could potentially identify substorm onset regions and
how they evolve, which would contribute greatly to the substorm field. Defining these events and searching
for them could become critical someday (or already is), and thus became the goal for my summer project.

Abundance and Stratification of Elements in HD22920
Patrick Frederick Poitras, Université de Moncton

Local accumulation or depletion of chemical elements inside a star can be studied by analyzing its spectral
line profiles. The chemically peculiar star HD 22920 shows a strongly variable spectral line profile depending
on the phase of stellar rotation. Firstly, fitting nine Balmer lines allowed us to find an effective temperature
of T = 13640 K. Then, four elements were studied for stratification; iron, silicon, oxygen, and chromium.
The study of this star focused primarily on vertical stratification (variable abundances depending on optical
depth). Our data shows vertical stratification of silicon and chromium abundances. Additionally, all elements
analyzed show non-uniform horizontal abundance distribution.

Study of electrolyte additives “magic chemicals” in Li-ion cells
Lina Rotermund, Dalhousie University

Electrolyte additives, seemingly “magical chemicals” or “pixie dust”, are used in lithium ion batteries in
small amounts (about 1%) to extend their lifetime. The earliest (since 1997), most famous and widely-used
additive, vinylene carbonate (VC), increases the lifetime by a factor of about three. A “new kid on the
block”, Prop-1-ene-1,3-sultone (PES), is similarly wonderful. However, there is still huge debate about how
VC and PES work. More detailed knowledge of how additives function will help researchers discover even
better ones. Studies of the fate of VC and PES in Li-ion cells using gas chromatography/mass spectrometry
are presented here: How much VC or PES remains in the cells as they are used? Is it important that any
remains? What gases are formed from these additives when they react in the cell? These and other questions
will be answered and discussed.

Studying Charge Density Waves Using Electron Beam Induced Current Imaging Mode
Ethan Antonio Avila Ruiz, Acadia University

TaS3 is a quasi-one-dimensional crystal that can form charge density wave (CDW) states dependent on the
temperature. These crystals were grown by a solid state reaction process and were analyzed using a scanning
electron microscope in the electron beam induced current (EBIC) imaging mode. The electron beam causes
a localized temperature increase in the crystal and interaction with the CDW leads to image contrast in the
EBIC signal. An introduction to EBIC and the use of this technique in studying CDW crystals will be the
focus of this presentation. It was concluded that the EBIC imaging mode is useful for studying CDW effects
in a crystal and further studies are required to quantify the image contrast.
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MnSi thin film growth on SiC substrates in search of out-of-plane skyrmions
Alyson Spitzig, Dalhousie University

Molecular beam epitaxy (MBE) and solid phase epitaxy (SPE) are used to grow MnSi on 6H-SiC(0001)
substrates. X-ray reflectivity (XRR) and x-ray diffraction (XRD) are used to measure film thickness and
plane spacings respectively. Plane spacing measurements are used to determine the phases present in the
samples. It was found that MnSi(111) can be grown on SiC(0001) with the proper procedure. A thin 1 nm
Si layer is annealed to 1200C to remove surface oxides, then an amorphous 0.22 nm Si / 0.27 nm Mn/ 0.4
nm Si is grown and annealed to 460C , which produces the correct crystal structure to stabilize MnSi(111)
when MnSi is codeposited.

Exploring Comptonised Reflection from the Inner Part of Accretion Discs
Sarah Melanie Spruin, Mount Saint Vincent University

The X-ray spectra of active galactic nuclei (AGN) can be described as originating from a primary X-ray
emitter and relativistically blurred reflection from the inner accretion disc. The most prominent feature of
this reflected emission is the broad Fe Kalpha line at 6.4 keV. However, many sources do not exhibit such a
feature. We examine if Comptonisation of the reflected emission could describe AGN that do not show strong
Fe Kalpha signatures. A sample of unabsorbed AGN were analyzed to test such a model. It was determined
that 9 out of 17 sources the Comptonised model can reproduce the spectrum. It was also determined that,
with the exception of one of the sources, the rest of the sources who favoured the Comptonised model were
objects with high black hole masses.

Hadron Polarizabilities Data Analysis
Hannah Katherine Stegen, Mount Allison University

The A2 Collaboration at the Institute for Nuclear Physics in Mainz, Germany, is working towards solving
the polarizabilities of hadrons through Compton scattering experiments. This will be useful in determining
basic characteristics of these fundamental particles such as the radius of a proton. With the help of a photon
beam and several detectors that can determine particle type, energy and distribution angle, the asymmetry
observable of the scattering angles can be indirectly used to extract the values of hadron polarizabilities
through mathematical analysis. The A2 Collaboration has recently updated the data analysis process by
implementing a new software package know as Generation of Analysis Trees (GoAT). GoAT can analyze both
real and simulated data by making specific cuts, as well as organize data into files. In addition to running
faster, more efficiently and accurately, a general physics class was written in the summer of 2014 to preform
online analysis feedback. A Graphical User Interface was created to display this class in a manageable and
user friendly form and output detailed multi-dimensional histograms. By giving real-time feedback the A2
collaboration will now be able to distinguish experimental problems immediately and work towards solving
the mysteries of Quantum Chromodynamics in a more efficient manner.
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Projecting potential climate change impacts on the wind at North Cape, PEI, using statistical
downscaling model (SDSM)
Xiaojun Su, University of Prince Edward Island

Global Climate Models are currently the best approach for predicting the variability and changes in cli-
mate variables on global scale with different emission scenarios of CO2. Due to the highly computational
demanding cost, GCMs can only provide climate information in the coarse resolution. In order to deriving
local-scale weather and projecting its future under climate change impact, Statistical Downscaling Model
(SDSM) has been used widely throughout the world in local scale climate change assessment studies. This
research, cooperated with Wind Energy Institute of Canada (WEICan), studies the wind speed at North
Cape, PEI. The data, recorded in 10–minute intervals from 1988 to 2013 (26 years), were converted into daily
averages and daily maximums, and then analyzed for annual, seasonal, and monthly trends. The observed
data combined with reanalyzed upper atmosphere variables which are also called predictors, (i.e. vorticity at
500hpa) were generated statistical/empirical relationships by multiple linear regressions. Twelve regression
equations were derived for twelve months using different regression parameters for every month equation.
The weather generator operation of SDSM then generated 20 ensembles of synthetic daily weather series
given reanalysed upper atmosphere variables. Those upper atmosphere variables were simulated by 40 global
climate models for the next 78 years, and the ensemble of GCMs outputs along with synthetic daily weather
series projected the wind speed for the next 78 years.

Cluster Statistics and Dynamics in Systems with Competing Interactions
Randy Timmons, St. Francis Xavier University

The two-dimensional Ising model provides us with insights into a wide variety of experimentally confirmed
magnetic phenomena, including critical temperature dynamics and order-disorder transitions. The dynamical
properties of minority phase clusters in the intermediate temperature range between very low temperatures
and the critical temperature have been studied using computer code specifically written for tracking cluster
statistics. By including next-nearest neighbour interactions as well as next-neighbour interactions this study
is extended to a model with multiple distinct ordered phases.

Assessing the feasibility of CaCO3 separations for archaeological applications
Cole Walsh, Memorial University

Calcite and aragonite are the two predominant crystalline forms of calcium carbonate (CaCO3). Their
presence can sometimes indicate human activity in archaeological settings. For example, recent evidence
shows that both calcite and aragonite can be present in anthropogenically produced lime plasters. This makes
these materials good candidates for radiocarbon dating. Under normal circumstances, lime plasters can be
contaminated with other sources of carbon with different radiocarbon levels. However, aragonite is known
to dissolve more readily than calcite, so its presence could be a strong indicator for well preserved plaster.
Therefore, selectively dating the aragonite could provide a more accurate means of radiocarbon dating, and
thus is of great interest to the archaeological community. However, separating the two polymorphs provides
a difficult experimental challenge. In this talk, I will describe a strategy we used to try to separate calcium
carbonate polymorphs, calcite and aragonite, using electrophoretic separation methods that exploit surface
charge differences.
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Topographic mapping of resin based composite shrinkage-strain during photo-polymerization
using laser interferometry
Tolson Chandler Churchill Winters, Dalhousie University

The fundamental material property being investigated in this study is the shrinkage-strain of 3M ESPE
Filtek Supreme Ultra Clear Translucent (CT) resin. Minimizing resin shrinkage is important in applications
such as 3D printing and dental composites. The resin sample deflection is determined using a novel laser
interferometry approach to develop a topographic map of the sample surface during photo-polymerization.
Deflection is normalized and categorized by bonded disk configuration factor. It is observed that when
holding resin sample height constant, while varying diameter, the total deflection and deflection rate both
increase with increasing sample configuration factor. Similarly, holding resin sample diameter constant, while
varying height, it is observed that there is an increase in total deflection and deflection rate with increasing
sample configuration factor. Mean strain values are calculated for each configuration factor taken from three
repeats. The results of this study are in agreement with those found in literature by Lee et al. (2006) and
Watts et al. (2000).

Simultaneous optical control of exiton qubits confined to two semiconductor quantum dots via
femtosecond pulse shaping
Hong Yi Shi Yang, Dalhousie University

Optimal quantum control is a process by which one can achieve a target final quantum state of a quantum
system through iterative adjustments to the control Hamiltonian. This can be achieved using femtosecond
pulse shaping, by which the phase and/or amplitude of the pulse may be controlled. In addition to the
optimization of general physical processes such as chemical reactions products and nonlinear optical signals,
this approach has recently been applied to optimizing parallel single qubit gates in multiple semiconductor
quantum dots. In this work, we apply numerical pulse optimization techniques to explore multi-qubit
manipulation as a function of the electronic structure parameters of the quantum dots. We show that
numerically optimized pulses operating on exiton qubits produces high fidelity quantum gates for a range
of dipole moments, transition frequencies, and arbitrary initial and final states. This work enhances the
potential for scalability by reducing the laser resources required to control multiple qubits.
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6 Graduate Fair

Saturday, February 7, 2015
3:30–4:30PM, Tweedie Hall, Wallace McCain Student Centre

The following institutions will be present during the Graduate Fair:

• University of New Brunswick

• Institute for Quantum Computing

• McMaster University

• Brock University

• Université de Moncton

• Queen’s University

• University of Victoria

• Memorial University

• Guelph University

• University of British Columbia

• Saint Mary’s University

• Canadian Institute of Nuclear Physics
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7 Businesses in Sackville

7.1 Restaurants

Name/Address Type of Cuisine Hours and Information

Bridge St Cafe
10 Bridge St.
536-4428

Soups & Sandwiches,
Espresso & Juice bar,
Loose tea, organic coffee

Daily Hours vary, Unique atmosphere
Outdoor seating

Black Duck Cafe and
Bistro
19 Bridge St.
536-8084

Local sources and season-
ally inspired food

7AM-9PM

The Bakery at
Cranewood
113 Main St.
939-3133

vegan cafe and green shop Tue–Fri 12–6pm

Cackling Goose Market
38 York St.
536.2303

Gluten free cafe and bak-
ery

Mon–Sat 9am–6pm

Downtown Dinner
3 Bridge St.
(888) 906-7847

Classic diner style food

Goya’s
96 Main St.
536-5000

Pizza, donairs, subs, sal-
ads and wraps

Big slice offered daily, eat in or take out

Jack’s Pizza
170 Main St.
536-8000

Pizza, Donairs Mon. – Sat. 11 am to 9 pm Sun. 4 pm
to 9 pm. Daily specials

Joey’s Pizza & Pasta
16 York St.
536-4040

Pizza, Italian food &
Varies

Beautiful Italian atmosphere, Weekly
specials

Marshlands Inn
55 Bridge St
536-0170

Fine dining in an elegant
setting & Daily Breakfast,
lunch, dinner

Everything made from scratch includ-
ing fresh rolls and desserts

McDonalds
222 Main St.
364-1997

Famous burgers, fries,
shakes and more. Break-
fast served

Daily super service and drive thru

Mel’s Tea Room
17 Bridge St.
536-1251

Home style burgers &
fries, sandwiches, shakes

Daily Breakfast to dinner, 50’s style
diner with jukebox
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Patterson’s Family
Restaurant
16 Mallard Dr.
364-0822

Home cooked meals &
Fried chicken

Daily 7 am to 10 pm, Play area, all day
breakfast

Pickles
6 Bridge St.
939-3394

Authentic sandwiches 11AM-11PM on Friday and Saturday

Pizza Delight
24 Mallard Drive
536-5555

Family dining, pizza,
pasta, chicken and more!

Daily Hours vary, Warm, relaxed atmo-
sphere, children’s play area, grill your
own bread.

Subway Subs & Salads
211 Main St.
364-8888

Subs, salads, soup Daily 10 am to 12 pm, Friendly staff

Tim Horton’s
217 Main St.
536-1076

Famous coffee, donuts,
sandwiches, soup

Daily Hours vary, Fast friendly drive
through beside highway

7.2 Bars and Entertainment

Ducky’s
98 Main St.
536-1344

Widest selection of
draught beer and liquor
in area.

Daily 3 pm to 1 am, Darts, pizza slices,
relaxed atmosphere

Larry’s
26 Bridge St.
536-2837

Finger food Daily 10 am to 1 pm, Billiards, live en-
tertainment on weekends

Sassy’s Pub
166 Main St.
536-2003

Fast Food Daily 4 pm to 12 midnight

Thunder and Lightning
23 Bridge St.
939.3339

Small Pub Open until 2AM, Vinyl record music

*** Ducky’s is highly recommended for the Saturday night social event ***
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7.3 Banking

The Royal Bank of
Canada
103 Main Street
536-1030

Banking Money can be wired to the Royal Bank
in Sackville by using the transit num-
ber: 01874 and the institution number:
003.

Bank of Nova Scotia
22 Bridge Street
536-2480

Banking Money can be wired to the Bank of
Nova Scotia in Sackville using the tran-
sit number: 70334 and the institution
number: 002.
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8 Event Map

1. Sir James Dunn Building

2. Wallace McCain Student Centre

3. Jennings Dining Hall

4. Ducky’s Pub

5. Thunder and Lightning Bar

6. Royal Canadian Legion

Imagery c©2015 DigitalGlobe Map data c©2015 Google
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9 Schedule

** The pancake breakfast is not part of AUPAC, however we encourage everyone to attend. This is a fund
raising event put on by Mount Allison for Parkinsons Disease. It is by donation and will be held at the
legion, whose location is indicated on the map.

*** Please join us on your free time Saturday night at Ducky’s bar or anyone of Sackville’s entertainment
spots.

*** The schedule for individual student talks may be found on page 10.
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10 Sponsors

The AUPAC Organizing committee would like to extend thanks to its generous funders, namely

• Jeff Ollerhead, Dean of Science, Mount Allison University

• Mount Allison Physics Department

• Campbell-Verduyn Fund


