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Welcome to WNPPC 2021!

On behalf of the organizing committee, I would like to welcome you to the 58 Winter
Nuclear and Particle Physics Conference. As always, this year’s conference brings to-
gether scientists from the entire Canadian subatomic physics community and serves as
an important venue for our junior scientists and researchers from across the country to
network and socialize. Unlike previous conferences of this series, we will unfortunately
not be able to meet in person this year. WNPPC 2021 will be a virtual online conference.

A big part of WNPPC, besides all the excellent physics presentations, has been
the opportunity to meet old friends and make new ones, and to discuss physics, talk
about life, and develop our community. The social aspect of WNPPC has been one
of the things that makes this conference so special and dear to many of us. Our goal
in the organizing committee has been to keep this spirit alive this year despite being
restricted to a virtual format, and provide ample opportunities to meet with peers, form
new friendships, and enjoy each other’s company. We have selected a virtual platform
called Gather.town to enable these social interactions. Our ‘local” organizing committee
put a lot of effort into creating our WNPPC-world with board games, discussion areas,
and a trivia night. We are also planning a virtual ‘conference dinner’. As it is almost
standard by now, physics talks will be presented via zoom. In addition to the scientific
and social program, this year we will host a professional development workshop with a
panel discussion on ‘how to get the most out of a conference’. We are excited to have
outstanding panelists sharing their experience and insight at this event. We encourage
you to participate in all scheduled events and to use the virtual platform to build and
strengthen your network. The success of this conference depends on your participation.

We hope that you will find this year’'s WNPPC program interesting and stimulat-
ing. Hopefully, the conference will give you a break from your daily routines and an
opportunity to meet new friends and collaborators. We are looking forward to seeing
you online. Stay safe, and enjoy the conference!

Thomas Brunner, McGill University
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Invited Speakers

Dr. Joseph Bramante (Queen’s University)
Advancing Dark Matter Theory With Black Holes, Fxploding Compact Stars, Supercool
Gas, and Underground Detectors

Dr. Erica Caden (SNOLAB)
Searching for Neutrinoless Double Beta Decay at SNOLAB

Dr. Matthias Danninger (Simon Fraser University)
Long-Lived Particles - Searching for new physics at the energy frontier

Dr. Dennis Miicher (University of Guelph)
New Ezxperimental Approaches for Constraining Neutron Capture Cross Sections in Ex-
otic Nuclei

Nahee Park (Queen’s University)
Hunting for the Extreme Accelerators in our Universe with Multi-messenger Observa-
tions

Juan Pablo Yénez (Univerity of Alberta)
Particle Physics with Neutrino Telescopes in Canada

Platforms

We will be using Zoom, Gather.town, and Slack as presentation and communication
channels during WNPPC. Please remember that this is an official event and act accord-
ingly. Please use your preferred name and pronouns on these platforms as you would
want them to appear on your name badge if you were present in-person at the confer-
ence. Our goal is to provide a welcoming, open, friendly, tolerant, safe, and stimulating
environment.

Links to these platforms will only be shared with registered participants via email to
ensure that WNPPC remains a protected and safe space. Please email wnppc@triumf.ca
if you encounter difficulties connecting. We recommend connecting 5 minutes before
each session to solve potential technical issues.


mailto:wnppc@triumf.ca
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Presentations in Zoom

Scientific presentations will be presented via Zoom. We will share the Zoom link via
email, but you can also access the WNPPC zoom-room through Gather.town “Zoom
Room”. During the Zoom meetings we will have a session moderator to help with
technical difficulties.

Please upload your presentation on the WNPPC 2021 indico webpage (https://
nyx.physics.mcgill.ca/e/wnppc2021) the night before your talk. Please upload
PowerPoint or PDF slides only. We will download talks before each session; in case of
technical difficulties with screen sharing our session moderator can present the slides
from their computer.

Gather.town

Gather.town is a proximity-based online chat platform including a video-sharing fea-
tures. It is recommended that you use Google Chrome on a desktop computer, but
we also successfully tested Edge, Firefox, and Brave. Mobile devices offer only basic
functionality and are not recommended. Make sure to give Gather.town permission to
use your microphone and camera (if you do not mind sharing your video).

Please use your preferred name, and add in your affiliation and pronouns as your
status once connected. Change your avatar to your liking, and please be respectful. You
can interact with elements such as whiteboards, games, and bulletin boards by pressing
‘x’. Walk around, use the chat, and let us know if you have suggestions to improve
the space. For announcements, please ask our moderators to spotlight you so you can
broadcast to the whole community. You can reach out on the Slack #help-channel for

support, suggestions, and questions.

By default, Gather.town will mute microphone and camera when you switch to a
different window. If you disable ‘Auto Idle Muting’, Gather.town will keep streaming
your video even when you switch to another window. Be mindful of this setting and
turn off your camera and mute your microphone when you leave your computer. Be
sure to check out the Gather.town introductory video that was sent to you!

Slack

We have created a WNPPC 2021 Slack workspace with several channels. Please use
Slack to discuss physics questions during talks, or to contact us with technical questions.
We will try to monitor the #talks channel during scientific presentations but a more
direct way to ask speakers questions is through the Zoom chat function. We recommend
using Slack to continue your physics discussion after a presentation has ended.


https://nyx.physics.mcgill.ca/e/wnppc2021
https://nyx.physics.mcgill.ca/e/wnppc2021
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Social Events

One important aspect of the WNPPC conference is to provide a platform for network-
ing, and scientific discussion, while being inclusive of all the diverse background we
have as a community. At WNPPC, we bring together the nuclear and particle physics
communities under a global subatomic physics umbrella, including physics programs of
TRIUMF, SNOLAB, theory, and particle astrophysics. The ‘social’ events at WNPPC
are intended to bring the younger generation of physicists together. The events we have
planned are:

Reception and Trivia Night

On the first day we will have a virtual reception and a trivia night. Please take the
opportunity to get to know the virtual space in Gather.town and engage in conversations
with other participants during the reception. At 19:15 ET on Tuesday, we will meet in
our regular Zoom room for a trivia night. The trivia night is being organized by Soud
Al Kharusi, Tony Kwan, Lia Formenti, and Chris Chambers at McGill with support
from Nikhil Arora (McDonald Institute).

Games and Socializing During Breaks

We scheduled two hour breaks each day before the afternoon session. Unfortunately,
this year we will not be able to spend this time together on a ski hill or strolling through
breath-taking nature. Instead, we invite you to meet in Gather.town to socialize and/or
or play board games. We have set up virtual board games: Sudoku, Tetris, Hanabi,
Skribbl, Trivia Bingo, CodeNames, and Among Us. You can join these games in the
gaming area or you can coordinate a game at the West Lounge. Instructions on how to
set up and access games are provided on the bulletin boards next to the tables. Hussain
Rasiwala at McGill set up the games.

Professional Development Workshop
Expanding Dissemination and Impact

Have you ever struggled to prepare your presentation before a conference? Have you
felt underwhelmed by the response you got after presenting your research? Sharing the
results of your work is a fundamental part of every scientific career, but it is also a
key skill for career building and networking. Research “dissemination” can take many
forms and has a massive range of desired outcomes; from helping colleagues follow your
work, to convincing funders to support you, to landing a fellowship in a laboratory, or
just helping family members appreciate what you have been doing for the last few years.
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Whether you are presenting your work in journal papers, classroom lectures, job
applications, conference posters, public education events, grant proposals, media inter-
views, or the dinner table, we invite you to join Dr. Adrian Kelly and a guest panel for
a one-hour workshop to discuss ways you can present your research to maximize the
outcomes you want to achieve. The session will start off with a short presentation from
Dr. Kelly on how to discuss your research as a narrative and will move to a panel ques-
tion and answer with opportunities for participants to engage directly. Topics covered
will include:

e Helping readers/audience members situate your work in the context of the disci-
pline.

e Creating an impression that highlights who you are and your main research in-
terests.

e Highlighting your capabilities and skills with the needs of a prospective employer
or funder.

We are excited to have excellent panelists sharing their expertise at the workshop: Dr.
Adrian Kelly, Dr. Brigitte Vachon (McGill University), Dr. Jens Dilling (TRIUM-
F/UBC), and Dr. Alexandra Pedersen (McDonald Institute). The panel discussion
will be moderated by Edward Thomas (McDonald Institute). This professional devel-
opment workshop is being provided by the McDonald Institute.

Conference Photo

This year, we will not be able to take a group picture. But, this does not mean we
cannot compile a conference group photo collage! Please upload pictures of yourself
attending WNPPC to the slack channel #portraits. Preferably wearing your WNPPC
tuque. We will create a collage of all uploaded portraits instead of a ‘classic’ group
picture. By uploading your portrait to the Slack channel you consent to your picture
being published on the WNPPC webpage.
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Code of Conduct

The national community of nuclear and particle physics benefits from the continued sup-
port of its peers and the broader Canadian public. Professional and equitable standards
of behaviour are important to us. Through our individual participation, all registrants
of the Winter Nuclear and Particle Physics Conference WNPPC 2021 agree that they:

e will support others’ scientific discussion,

e will avoid inappropriate actions or statements based on individual characteristics
such as age, race, ethnicity, sexual orientation, gender identity, gender expres-
sion, marital status, nationality, political affiliation, ability status, educational
background, or any other characteristic protected by law,

e will not engage in disruptive or harassing behavior of any kind,

e will maintain professional conduct that is collegial, inclusive, and professional,
welcoming to all participants and free from any form of discrimination, harass-
ment, or retaliation.

Ombudsperson

The WNPPC ombudspersons provide confidential, informal, independent and impartial
assistance for any participant at WNPPC. The ombudspersons are available to partici-
pants who are experiencing conflicts or disputes at this conference. The ombudspersons
will work together with the participants who consult them to identify options for man-
aging and resolving disputes/conflicts including providing counsel and connecting them
with appropriate resources.

An ombudsperson may report systemic issues or patterns of concern at the con-
ference to the organizing committee but may do so only without disclosing individual
names or other aspects that would identify parties. Confidentiality is a privilege of
the ombudspersons. The only circumstances for which there may be an exception to
confidentiality is if the ombudsperson is concerned by an imminent risk of serious harm,
or if required by law.

Dr. Beatrice Franke (bfranke@triumf.ca) kindly agreed to serve as an ombudsperson
during this conference. Dr. Thomas Brunner (thomas.brunner@mcgill.ca) acts as a
second ombudsperson.
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Timetable

Please join us for the scientific program on Zoom using the link that was emailed to you. This Zoom
link will also be used for the trivia night and the professional development workshop.

You can also access the Zoom via the “Zoom Room” in the WNPPC 2021 Gather.town, which you
will be used as our central platform outside of schedule Zoom sessions. Please feel free to access and use
the Gather.town space at all times using the link that was sent to your email.

Invited speakers are shown in bold font in the timetable below. All times are in Eastern Time

(GMT-5).
Session 1: Tuesday, February 9, 2021, Chair: Beatrice Franke
TIME | SPEAKER TITLE
12:30 | Thomas Brunner Welcome to WNPPC
12:45 | Erica Caden Searching for Neutrinoless Double Beta Decay at SNOLAB
13:15 | Matthew Stubbs Using machine learning to identify neutron captures in Gd loaded
Water Cherenkov detectors
13:30 | Tapendra BC Feature Recognition for Photogrammetry Calibration of the Super-
Kamiokande Detector
13:45 | Vincent Gousy-Leblanc | Super-Kamiokande PMTs characterizations using artificial mag-
netic field and robotic laser-equipped arms
14:00 | BREAK & SOCIALIZING | Games and discussion in Gather.town
Session 2: Tuesday, February 9, 2021, Chair: Alain Bellerive
TIME | SPEAKER TITLE
16:00 | Ninggiang Song Light dark photon detection with atomic transitions
16:15 | Danika MacDonell | Search for Dark Matter Produced in Association with a Dark Sector
Higgs Boson in Proton-Proton Collisions with the ATLAS Detector
16:30 | Fairhurst Lyons Search for String Resonances in ATLAS
16:45 | Siyuan Li Numerical Loop-Integration Methods for Finite Temperature Effects in
QCD Sum Rules
17:00 | Anima Sharma Towards atomic parity violation in francium
17:15 | Sean Hansen-Romu | Measurements of the TUCAN vertical UCN source heat load response
18:30 | RECEPTION Join us on Gather.town to socialize
19:15 | TriviA NIGHT Zoom opens, you can enter via Gather.town

viil




Session 3: Wednesday, February 10, 2021, Chair: Blair Jamieson

TIME | SPEAKER TITLE
11:00 | Nahee Park Hunting for the extreme accelerators in our Universe with multi-
messenger observations
11:30 | Javier Fernandez Acevedo | Warming Nuclear Pasta with Dark Matter: Kinetic and Annihi-
lation Heating of Neutron Star Crusts

11:45 | John Coffey Sub-GeV Dark Vector Bosons and their Impacts on Cosmology

12:00 | Akanksha Katil Astrophysical tau neutrinos in the Pacific Ocean

12:15 | BREAK

Session 4: Wednesday, February 10, 2021, Chair: Nahee Park

TIME | SPEAKER TITLE

12:30 | Fatima H. Garcia Searching for low-energy shape coexistence in *Ge

12:45 | Pietro Spagnoletti Coulomb excitation of Rn isotopes in the region of large octupole

collectivity

13:00 | Yang Lan Prototypes of an ion trap for the Barium tagging of nEXO

13:15 | Paul Froese Ab-Initio Calculations of Electric Dipole Moments in Light Nuclei

13:30 | Antoine Belley Ab initio neutrinoless double-beta decay matrix elements

13:45 | Gaurav Tenkila Adapting the ab-initio IMSRG for open-shell atomic systems

14:00 | BREAK & SOCIALIZING | Games and discussion in Gather.town

Session 5: Wednesday, February 10, 2021, Chair: Brigitte Vachon

TIME | SPEAKER TITLE

16:00 | Dennis Miicher New experimental approaches for constraining neutron capture cross
sections in exotic nuclei

16:30 | Guy Leckenby Bound-state beta-decay rate of 2971

16:45 | Kushal Kapoor Precision branching-ratio measurement for the superallowed Fermi /3
emitter 18Ne

17:00 | William Porter Mass Measurements around the N = 32 and N = 34 Shell Closures
and Upgrades for TITAN’s Measurement Penning Trap

17:15 | Harris Bidaman Simulating DAEMON: A new complementary neutron detector for
GRIFFIN

18:30 | McDonald Institute | Getting the most out of a conference - professional development pro-

vided by the McDonald Institute (on Zoom)

X




Session 6: Thursday, February 11, 2021, Chair: Ken Ragan

TIME | SPEAKER TITLE
11:00 | Joseph Bramante | Advancing Dark Matter Theory With Black Holes & Exploding Com-
pact Stars & Supercool Gas & and Underground Detectors
11:30 | Georgios Palkanoglou | Superfluid neutron matter with a twist
11:45 | Connor Adair Novel Method for the detection of Axions by Daily and Annual Mod-
ulations
12:00 | Marianne Moore Using underground nuclear accelerators in the quest for dark matter
12:15 | BREAK
Session 7: Thursday, February 11, 2021, Chair: Joe Bramante

TIME | SPEAKER TITLE

12:30 | Tianai Ye Optimization of Drift Time Measurement in P-Type Point-Contact
HPGe Detectors

12:45 | Bindiya Chana LoLLX experiment

13:00 | Ashlea Kemp The Data Acquisition System for the DarkSide-20k Detector

13:15 | Lia Formenti Towards Validating Misalignment Measurements of Small-Strip
Thin Gap Chamber Quadruplets for the ATLAS New Small Wheel

13:30 | Nathan Heinrich Charged Meson Form Factors At Jefferson Lab Hall C

13:45 | Stephen Kay The Electron Ion Collider — A Canadian Perspective

14:00 | BREAK & SOCIALIZING | Games and discussion in Gather.town

Session 8: Thursday, February 11, 2021, Chair: Thomas Brunner

TIME | SPEAKER TITLE

16:00 | Jean-Marie Coquillat Analysis and identification of alpha events for NEWS-G

16:15 | Jean-Francois Caron Neutrons for Characterizing Dark Matter Detectors

16:30 | Lilianna Hariasz A Measurement of Zinc-65 Using Data from the KDK Experiment

16:45 | Hector Hawley Herrera | Light Collection in the Scintillation Bubble Chamber

17:00 | Mark Stringer Characterizing and removing ER background events in the DEAP-

3600 experiment
17:15 | Quintin Trayling A Novel Algorithm for Alpha Discrimination in PICO Bubble
Chambers
18:30 | CONFERENCE DINNER | Join us for a virtual dinner in Gather.town




Session 9: Friday, February 12, 2021, Chair: Erica Caden

TIME | SPEAKER TITLE
11:00 | Juan Pablo Yanez | Particle Physics with Neutrino Telescopes in Canada
11:30 | Andreas Gaertner Measuring the absorption length of the deep Pacific Ocean: Results
from STRAW & a pathfinder mission for the proposed P-ONE neu-
trino telescope
11:45 | Dilraj Ghuman Muon Track Reconstruction for the Upcoming P-ONE Telescope
12:00 | Jakub Stacho Potassium Decay Noise Modeling for the Pacific Ocean Neutrino Ex-
plorer (P-ONE)
12:15 | BREAK
Session 10: Friday, February 12, 2021, Chair: Gwen Grinyer
TIME | SPEAKER TITLE
12:30 | Joshua Tindall ResNet Convolutional Neural Networks for Particle Identification
in Water Cherenkov Detectors
12:45 | Jacinthe Pilette Search for new physics inside jets at the ATLAS detector using
machine learning
13:00 | Luke Polson Machine Learning for Energy Reconstruction in ATLAS Calorime-
ters
13:15 | Barbara Cid Mora Light Tetraquarks mass estimates using QCD Sum Rules
13:30 | John McGowan The Search for Evidence of Vector Boson Scattering Between a
Photon and a W Boson with the ATLAS Detector
13:45 | Varun Neelamana Beam Asymmetry in yp — n A" at GlueX
14:00 | BREAK & SOCIALIZING | Games and discussion in Gather.town
Session 11: Friday, February 12, 2021, Chair: Andreas Warburton
TIME | SPEAKER TITLE
16:00 | Matthias Danninger | Long-Lived Particles — Searching for new physics at the Energy
Frontier
16:30 | Alexander Bachiu Measurement of W boson Drell-Yan Angular Coefficients
16:45 | Benjamin Davis-Purcell | Precision measurement of the Z boson transverse momentum with
the ATLAS detector
17:00 | Christina Nelson Production cross-section and charge asymmetry of the W boson
with jets
17:15 | Alessandro Ambler W~~ production in proton-proton collisions at the Large Hadron
Collider with the ATLAS detector
18:30 | CLOSING Presentation prizes and end of conference in Gather.town

x1
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A warm welcome to our 116 registered participants from across the country!
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Searching for Neutrinoless Double Beta Decay at SNOLAB
(Invited)

Erica Caden
SNOLAB

The nature of the neutrino has been a question puzzling physicists since its discov-
ery. Many experiments are trying to solve this problem by searching for neutrino-less
double beta decay. Two such projects that I work on are SNO+ and nEXO; using
different technologies and different target isotopes to achieve similar scientific goals. I
will compare and contrast these experiments, their sensitivities, and discuss the role
that SNOLAB plays in their future successes.

Abstract ID: 97

contact: erica.caden@snolab.ca

Tuesday
Feb. 9
12:45
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Using machine learning to identify neutron captures in Gd
loaded Water Cherenkov detectors

Matthew Stubbs

Hyper-Kamiokande is the proposed next generation Water Cherenkov neutrino de-
tector in Kamioka, Japan that began construction in 2020. Hyper-K will have an order
of magnitude larger fiducial mass than the existing Super-Kamiokande detector, en-
abling the survey of topics in neutrino physics with improved sensitivity. One handle
on detecting neutrino versus anti-neutrino interactions is to detect the neutron in the
inverse beta decay of anti-neutrinos on proton. When an anti-neutrino collides with a
proton in the atomic nucleus, it yields an anti-lepton and a free neutron. The Cherenkov
light from the lepton is promptly detected, while the neutron captures on Gd about one
hundred microseconds later. The low-energy signal from the neutron capture (totalling
about 8 MeV of gamma rays) is recorded by only tens of PMTs, making neutron cap-
tures difficult to distinguish from dark noise and radioactive backgrounds. This talk
presents various machine learning approaches to optimize the neutron capture detec-
tion capability in the new Intermediate distance Water Cherenkov (IWCD) detector for
Hyper-K. The methods benchmarked are graph neural network models (Graph Convo-
lutional Networks, attention-based networks), Multi-Layered Perceptron, XGBoost on
engineered features, and a likelihood-based classifier.

Abstract ID: 74

contact: stubbs-m@webmail.uwinnipeg.ca

Tuesday
Feb. 9
13:15
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Feature Recognition for Photogrammetry Calibration of the

Super-Kamiokande Detector Tuesday
Feb. 9
Tapendra BC 13:30

The Super-Kamiokande detector is a 40m tall cylindrical tank with a 40m diameter,
filled with ultra-pure water. It makes detailed measurements of solar, atmospheric,
and accelerator neutrinos. About 11,000 PMTs (photomultiplier tubes) facing inwards
are set up on the detector wall to record neutrino interaction events. The use of the
accurate location of photomultiplier tubes (PMTs) on the detector wall will increase
the accuracy of the events that the PMTs record. Over 15000 images (57GB) of SuperK
were taken in with an underwater drone to reconstruct the locations of the PMTs using
photogrammetry. In this study, we used the bolts surrounding each PMT as features.
The location of bolts surrounding each PMT is determined using image processing
techniques. Further processing was done on bolts to eliminate false bolts. In this talk,
I will present the methods used in our study to detect features and various geometrical
techniques we used to obtain the final set of bolts.

Abstract ID: 76

contact: tapendra.320@Qgmail.com
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Super-Kamiokande PMT's characterizations using artificial
magnetic field and robotic laser-equipped arms

Vincent Gousy-Leblanc
University of Victoria/ TRIUMF

Super-Kamiokande is a neutrino detector in Japan containing 11,000 photomultiplier
tubes (PMTs) surrounding a massive tank filled with 50 ktonne of ultra-pure water.
The single-photon sensitive PMTs detect Cherenkov radiation produced by charged
particles travelling faster than the speed of light in water. A detailed understanding
of the PMTs, as well as their response to environmental effects, is necessary for a
precise understanding of the detector and even more importantly for the future Hyper-
Kamiokande detector made of 40,000 PMTs.

One of the effects we need to understand is the response to the varying Earth
geomagnetic field in the detector. The photon detection efficiency and timing of the
PMT are affected by magnetic fields due to the resultant trajectory of the photo-
electrons induced by Cherenkov light. A photosensor test facility (PTF) at TRIUMF
consisting of laser-equipped robotic gantry arms is used to characterize PMTs.

[ will discuss the procedure to control the magnetic field, environmental systematics,
and the motion and monitoring of the gantries. Moreover, I will show the effect of
the magnetic field on 3 parameters of the PMT: the gain, transit time and detection
efficiency.
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Light dark photon detection with atomic transitions
Ningqgiang Song

Queen’s University

We propose to improve light-shining-through-wall setup by employing macro coher-
ent super radiance on the detection side. Parahydrogen molecules are pumped to their
first excited states by counter-propagating laser beams. The background dark photon
field will interact with the paraphydrogen and trigger the collective deexcitation of the
atomic system, resulting in a nonlinear amplification of the two-photon emission pro-
cess called superradiance. With the superradiant amplification the current bound on
sub-meV mass dark photon can be advanced by orders of magnitude.
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Search for Dark Matter Produced in Association with a Dark
Sector Higgs Boson in Proton-Proton Collisions with the
ATLAS Detector

Danika MacDonell

University of Victoria

Longstanding evidence from observational astronomy indicates that non-luminous
”dark matter” constitutes the majority of all matter in the universe, yet this mysterious
form of matter continues to elude experimental detection. The study presented in this
talk is part of an ongoing programme to search for dark matter production in high-
energy proton-proton collisions at the Large Hadron Collider (LHC) at CERN. This
search targets a model in which dark matter is produced in association with the emission
of a hypothesized heavy Higgs boson in the dark sector, which then decays to a pair
of W bosons. The final-state signature of this model would be an excess of missing
transverse energy in the detector due to undetected dark matter production, along
with two reconstructed W bosons. A search was recently performed targeting this final
state in the ’hadronic’ decay channel, wherein both W bosons decay to a pair of quarks.
The semi-leptonic WW decay channel, in which one of the bosons instead decays to a
lepton and neutrino, is expected to complement and extend the reach of the existing
search in the hadronic channel. Ongoing work towards developing a dark matter search
in this semi-leptonic WW decay channel is presented.
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Search for String Resonances in ATLAS

Fairhurst Lyons
University of Alberta

Some string theories predict that the extra dimensions of space must be large. In
this scenario the energy scale of strings is on the order of TeV and string resonances can
be produced in proton-proton collisions. This makes the theory a good candidate for
investigation at the Large Hadron Collider. Using the cross sections of string resonances
we can simulate particle interactions and compare results to data collected by the
ATLAS detector. We generate events at several string scales and study the significance
of signals over QCD background in the dijet invariant mass distribution. We search
resonant for deviations from smooth background and set lower limits on string scale.
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Numerical Loop-Integration Methods for Finite Temperature
Effects in QCD Sum Rules

Siyuan Li

Thermal field theory is the extension of quantum field theory to a non-zero temper-
ature environment and is achieved by modifying the propagators in loop integrations
represented by Feynman diagrams. The program package pySecDec is designed to
numerically calculate dimensionally-regularized loop integrals in quantum field theory
using the sector decomposition approach. It is shown how pySecDec can be applied
to thermal field theory numerical calculation using modifications within the Matsub-
ara formalism. Using the formulated algorithm, a 2-point correlation function (such
as those occurring in QCD correlation functions) at finite temperature can be numeri-
cally calculated for a variety of spacetime dimensions. The topologies of the Feynman
diagrams that the algorithm is targeting would occur in QCD sum rules.
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Towards atomic parity violation in francium

Anima Sharma

University of Manitoba

Low-energy precision tests of electro-weak physics keep playing an essential role in
the search for new physics beyond the Standard Model. Atomic parity violation (APV)
measures the strength of highly forbidden atomic transitions induced by the parity
violating (PV) exchange of Z bosons between electrons and quarks in heavy atoms.
APV is sensitive to additional interactions such as leptoquarks, and is complementary
to other approaches such as PV electron scattering. Our group is working towards the
measurement in francium (Z=87), the heaviest alkali, at TRIUMF where we capture Fr
atoms in a magneto-optical trap (MOT) online to ISAC. The APV signal in Fr is &~ 18x
larger than in Cs. Working on the atomic 7S-8S transition, the PV observable will be the
interference between a parity-conserving amplitude, a “Stark induced” E1 amplitude
created by applying a dc electric field to mix S and P states, and the vastly weaker PV
amplitude. In preparation, we now explore the Stark amplitude, in particular the ratio
of its scalar to vector components. After a review of recent progress, I will discuss our
plans for a precision determination of this ratio, including the challenge of producing
spin-polarized Fr in a MOT environment.

Supported by NSERC, NRC, TRIUMF, U Manitoba, U Maryland.
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Measurements of the TUCAN vertical UCN source heat load
response

Sean Hansen-Romu
University of Manitoba

The TUCAN collaboration is developing a dense source of Ultracold neutrons (UCN)
that will be used in a neutron Electric Dipole Moment (nEDM) experiment, with a goal
sensitivity of 10727 e-cm which is 10 times more precise than the best measurement
to date. UCNs are neutrons with energies below 300 neV, that are travelling with
speeds less than 30 km/h. In order to carry out a world-leading nEDM experiment
higher densities of UCN need to be produced. The TUCAN UCN are produced by
cooling spallation neutrons to cold temperatures in successive layers of increasingly
cold moderator, where the UCN production layer is a liquid He-II vessel, where cold
neutrons ( 1 meV) down scatter to UCN energies ( 100 neV) by interactions with
phonons and rotons in the fluid. The UCN production becomes more efficient when
the He-II is kept at temperatures below 1 K, which is difficult because of the heat flux
from the spallation target. Critical to the performance of the superfluid helium ucn
source is the temperature of the superfluid and its response to heat input. The TUCAN
collaboration aims to achieve their goal by developing a next generation UCN source
based on superfluid helium. To benchmark the design of the new He-II source, heater
tests were performed, and a model of the heating of the source was developed. In this
talk, I will present the simple heating model that was developed, and how well the
heater test measurements matched this model.
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Hunting for the extreme accelerators in our Universe with

multi-messenger observations
(Invited)

Nahee Park

Queen’s University

The earth has been bombarded by high-energy particles for millions of years. Known
as cosmic rays, these particles can have higher energies than particles accelerated by
the best human-made accelerators. We have studied these energetic particles for over
a hundred years. However, the sources of these particles remain a mystery because of
the deflection of their trajectories by magnetic fields and their interactions with par-
ticles and radiation in interstellar and intergalactic space. Observations of the neutral
particles, such as gamma rays and neutrinos, produced during the interactions experi-
enced by cosmic rays have been studied in order to search for their elusive source sites.
Observations of neutrinos provide an essential element in these studies as the neutrinos
are only generated by hadronic interactions, and they can travel much longer distances
than gamma rays. The best way to study the extreme accelerators in our Universe is
to combine all of the information from different messengers - cosmic rays, gamma rays,
and neutrinos. Recent multi-messenger observations triggered by the IceCube neutrino
observatory in the direction of the blazar TXS 05064056 showed the potential of this
approach. I will highlight the role that these high-energy neutrino observations play
in the emerging discipline of multi-messenger astrophysics and this will allow us to ex-
plore fundamental physics, including searches for decaying dark matter throughout the
Universe.
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Warming Nuclear Pasta with Dark Matter: Kinetic and
Annihilation Heating of Neutron Star Crusts

Javier Fernandez Acevedo

Queen’s University

Neutron stars serve as excellent next-generation thermal detectors of dark matter,
heated by the scattering and annihilation of dark matter falling into them. However,
the composition and dynamics of neutron star cores are uncertain, making it difficult
at present to unequivocally compute dark matter scattering in this region. On the
other hand, the crust of a neutron star is more robustly understood. Dark matter
scattering solely with the low-density crust can still kinetically heat neutron stars to
infrared temperatures detectable by forthcoming telescopes, providing low cross-section
sensitivities in a wide dark matter mass range, with the best sensitivity arising from
dark matter scattering with a crust constituent called nuclear pasta. I discuss how
these detection prospects are obtained for both spin-independent and spin-dependent
scattering with the crust constituents, as well as the effects of dark matter annihilation
in the case the dark matter particles are captured and thermalized by the crust alone.
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Sub-GeV Dark Vector Bosons and their Impacts on
Cosmology

John Coffey

University of Victoria

The purpose of this presentation is to recognize the effects of electromagnetic energy
injection into the early Universe from decaying sub-GeV dark vectors. Decay widths and
energy spectra for the most prominent channels in the sub-GeV region are calculated for
various dark vector models. The models include the kinetic mixing of the dark photon
with the Standard Model photon, U(1)4 , a dark vector boson which couples to the
baryon minus the lepton current, U(1)g_p, and the last three are dark vector bosons
which couple one lepton’s current minus a different lepton’s current, U(1)g,—r, where
t,] = e, i, 7. Measurements from Big Bang Nucleosynthesis and the Cosmic Microwave
Background are used to constrain the lifetime, mass and coupling constant of the dark
vectors.
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Astrophysical tau neutrinos in the Pacific Ocean
Akanksha Katil

The Pacific Ocean Neutrino Explorer(P-ONE) is a planned large-scale Cherenkov
neutrino detector to be deployed in Cascadia Basin, close to Vancouver Island. This
detector will join a worldwide network of neutrino telescopes and holds exciting possi-
bilities of bringing us a step closer to true neutrino astronomy as well as unravelling new
physics. High energy tau neutrinos, above energies of 50 TeV, is one exciting channel
that P-ONE could access. These neutrinos must have an astrophysical origin and could
be used to independently confirm the flux previously observed by IceCube, the largest
neutrino telescope in operation, as well as verify neutrino mixing over cosmic distances.
This study is a first attempt at developing a method to detect tau neutrinos in P-ONE.
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Searching for low-energy shape coexistence in %Ge

Fatima H. Garcia

Simon Fraser University

Study of nuclear structure around the magic numbers is key to understanding the
chart of nuclei. The region around "Ni is of interest, not only because it is one of the
heavier doubly magic nuclei, but also because it has been proposed as a portal to the
fifth island of inversion [Nowacki, F. et al. Phys. Rev. Lett. 117, 272501]. Evidence
for low-lying shape coexistence near N = 40 has been observed, but, until recently,
no evidence of low-lying 0] states in the Ge isotopes near N = 50 had be reported.
An experiment at the ALTO facility identified a 05 state at 639 keV above the 0T
ground state in 8°Ge [Gottardo, A. et al. Phys. Rev. Lett. 116, 182501]. However,
[B-decay studies using the GRIFFIN facility at TRIUMF, show no evidence for this
state. Furthermore, the decay of a proposed (2%) 2403-keV state to the 0 639-keV
state was not observed, nor was there other evidence for this state. Large-scale shell
model calculations were performed, using two different valence spaces and interactions,
for 5982Ge. These calculations were able to reproduce the energies of known 03, 27,
and 47 levels in these Ge isotopes. The 03 state in **Ge is predicted to be near 2 MeV
and arises from the recoupling of valence particles. The search for this state, will be
described, and the recently published findings [Garcia, F.H. et al. Phys. Rev. Lett.
125, 172501] will be presented.
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Coulomb excitation of Rn isotopes in the region of large
octupole collectivity

Pietro Spagnoletti

Simon Fraser University

Reflection-asymmetric nuclei are of considerable interest for the understanding of
nuclear structure. Reflection asymmetry arises as a consequence of strong octupole
correlations which occur when states with Aj = Al = 3% lie close to the Fermi surface
for both neutrons and protons. Octupole correlations are largest in the region with
octupole magic numbers Z=88 and N=134. The Z=86 radon isotopes lie close to the
centre of the octupole-deformed region but have been very difficult to study experimen-
tally. Excited states have previously been identified in the N=136 isotope ?*Rn [1],
forming a characteristic alternating-parity octupole band, while the first observation
of excited states in the more neutron-rich #*??Rn isotopes was recently presented [2]
using data from our experiment. An experiment has been performed using the Miniball
spectrometer at ISOLDE, CERN to investigate the E3 moments of some Ra and Rn
nuclei. The radioactive Rn isotopes were post-accelerated using the HIE-ISOLDE beam
line to approximately 5 MeV /A and were incident upon stable Sn and Ni targets in
separate measurements. Excited states in these nuclei were populated via Coulomb ex-
citation. Analysis of the intensities of transitions using the multiple Coulomb-excitation
code GOSIA will provide a direct measurement of both electric quadrupole (E2) and
octupole (E3) moments.

[1] J.F.C.Cocks, Nucl. Phys. A645, 61 (1999)
[2] P. A. Butler, Nature Comm. 10, 2473 (2019)

Abstract ID: 59

contact: pietro_spagnoletti@sfu.ca

Wednesday
Feb. 10
12:45



WNPPC | 17

Prototypes of an ion trap for the Barium tagging of nEXO

Yang Lan
Physics Department, McGill University

The next Enriched Xenon Observatory (nEXO) is a planned ton-scale experiment
to search for neutrinoless double beta decay (0vf5f) in xenon-136. The sensitivity of
nEXO is limited by the natural occurrence of radioactive background events which
produce signals indistinguishable from Ov38 in nEXO’s detector. Barium tagging is a
planned future upgrade of nEXO to reject backgrounds by identification of a barium ion
extracted from the same vicinity as the detected decay. An ion trap has been developed
as a part of a barium tagging approach. Prototypes of the ion trap have been built
and tested. Experiments with the prototypes demonstrate successful ion transmission,
trapping, cooling and ejection to meet the requirements for barium tagging.
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Ab-Initio Calculations of Electric Dipole Moments in Light
Nuclei

Paul Froese
TRIUMF

In any finite system, the presence of a non-zero permanent electric dipole moment
(EDM) would require both parity (P) and time-reversal (T) violation. The standard
model predicts a very small CP violation and consequently any observation of the
EDM would imply physics beyond the standard model. Thus, EDMs have long been
proposed as a way to test these fundamental symmetries. Experimental studies have
placed upper bounds on neutron, nuclear and atomic EDMs, while theoretical studies
have calculated their magnitudes using a variety of methods. In particular, it has
been found that nuclear structure in certain nuclei can enhance the EDM. Here, we
use an ab-initio no-core shell model (NCSM) framework to theoretically investigate the
magnitude of the nuclear EDM. We calculate the EDMs of several light nuclei using
chiral two- and three-body interactions and a PT-violating Hamiltonian based on a one-
meson-exchange model. We will present a successful benchmark calculation for 3He, as
well as results for the more complex nuclei 6Li, 7Li, 9Be, 10B, 11B, 13C, 14N, 15N, and
19F. Our results suggest that different nuclei can be used to probe different terms of
the parity violating interaction. These calculations will allow us to better understand
which nuclei may have enhanced EDMs, and thus allow us to suggest which ones may
be good candidates in the search for a measurable permanent dipole moment.
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ADb initio neutrinoless double-beta decay matrix elements

Antoine Belley
TRIUMF/UBC

As experiments searching for neutrinoless double beta decay (0v(3/3) are about to a
reach ton-scale era, an effective way of calculating the nuclear matrix elements (NMEs),
which govern the rate of the decay, is imperative. Observation of this decay would show
the Majorana nature of neutrinos as well as potentially giving the absolute mass of
the neutrino, as long as the NMEs are known accurately. The ”In-Medium Similarity
Renormalization Group” (IMSRG) method allows for an *Ab initio*, or first principles,
prediction of the NMEs by approximately solving the nuclear many-body Schrodinger
equation. This work uses the valence space formulation of the IM-SRG (VS-IMSRG)
to compute the NMEs of candidate isotopes from A=48 to A=136. These results
provide the first *Ab initio* NMEs for all isotopes of high interest for next generation
experiments, including ongoing and future Canadian experiments.
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Adapting the ab-initio IMSRG for open-shell atomic systems

Gaurav Tenkila
University of British Columbia

The nuclear charge distribution and nuclear magnetic moment modify the Coulomb
potential in atoms, resulting in shifts in the electronic levels. Thus, atomic spectroscopy
provides a way to probe nuclear structure. These measurements, however, require pre-
cise calculations of isotope shift factors and hyperfine constants. The IMSRG is an
ab-initio technique, successfully used in nuclei, that evolves a many-body Hamiltonian
using continuous unitary transformations. I will present a new application of the IM-
SRG to atomic systems for calculating spectra and isotope shift factors. I will discuss
first results and the current status of these calculations as well as what we hope to
achieve moving forward.
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New experimental approaches for constraining neutron

capture cross sections in exotic nuclei
(Invited)

Dennis Muecher
University of Guelph

The synthesis of heavy elements via the r-process involves extremely neutron-rich
nuclei. Compared to light nuclei, our understanding of the properties of heavy, neutron-
rich nuclei is sparse. The next-generation radioactive ion beam facilities, like ARIEL
(TRIUMF), FAIR (GSI), CARIBU(ANL) and FRIB will offer unique possibilities to
probe such nuclei.

I will give an overview about our current and future nuclear astrophysics program
with reaccelerated beams at TRIUMF. The new TI-STAR silicon tracker detector,
under development at the University of Guelph and TRIUMF, is designed for experi-
ments with heavy, exotic beams at the future ARIEL facility. TI-STAR coupled to the
TIGRESS array of HPGe detectors and the new EMMA recoil separator will offer con-
straining neutron-capture rates in the A=130 key region of r-process nucleosynthesis.

The extraction of neutron capture rates relies on a more model-independent deter-
mination of the nuclear level density in heavy nuclei. I present the newly developed
”Shape Method” and present new data from an experiment at Argonne National Labo-
ratory using the SulN Total Absorption Spectrometer. I show that we are able to extract
a model-independent absolute partial nuclear level density for the short-lived unstable
nucleus Kr-88, for the first time. This is an important step towards more reliable neu-
tron capture rate data in exotic nuclei. This work has been done in collaboration with
TRIUMF, MSU, ANL and the ”Oslo” group.
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Bound-state beta-decay rate of 205T1

Guy Leckenby
TRIUMF

Bound-state beta-decay (f,-decay) is an exotic f~-decay mode where the electron
is emitted directly into a bound orbital (often K/L) of the daughter nuclei. Hence,
the decay mode is only accessible to highly charged ions with no electrons (HCIs).
Thallium-205 is an interesting stable neutral ion, whilst being unstable to f,-decay as
a bare ion. This instability at high charge states could cause a branching point just
before the termination of the slow neutron capture process. In addition, the capture of
solar-neutrinos onto 205T1 to produce 205Pb is the lowest energy threshold neutrino-
induced reaction known. The geochemical activation experiment LOREX (LORandite
EXperiment) aims to calculate the integrated solar neutrino flux from this reaction in
thallium bearing Lorandite. The nuclear matrix element of this reaction is currently
unknown but identical to the fy-decay matrix element.

The experiment was conducted at the GSI Helmholtz Centre, Darmstadt, Germany
during March 2020. A 400 MeV /u 205T1 beam was produced by the Fragment Separator
(FRS) and stored in the Experimental Storage Ring (ESR). During storage, the beam is
electron cooled and monitored by resonant Schottky detectors that identify ion species
by their revolution frequency in the ring. Growth of the 205Pb®** signal in the ring over
time is directly attributable to [,-decay. The authors aim to present the motivation,
storage ring methods, and some preliminary results.
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Precision branching-ratio measurement for the superallowed
Fermi [ emitter 18Ne

Kushal Kapoor

University of Regina

The precise studies of nuclear 3 decays between I™ = 0" isobaric analogue states
provide stringent tests of electroweak interactions. Precision measurements of the ft
values for superallowed [ Fermi emitters between isospin T = 1 states has provided
by far, the most precise value of V4, the up-down element of the Cabibbo-Kobayashi-
Maskawa (CKM) quark mixing matrix. Recent survey on superallowed decay, recom-
mended value of V,4 is one standard deviation smaller than its previous value and is
due to a new theoretical evaluation of a nucleus independent radiative correction that
is universally applied to the ft values. As a result, the top row test of CKM unitarity
now violates unity at the 3.30 level, which has motivated a renewed search for any and
all possible trivial sources that may explain this apparent discrepancy. In this work,
we focus on a new measurement of the superallowed branching ratio of ¥*Ne decay that
was deduced from an experiment performed at the GANIL facility in France. To date,
the ft value for this decay has not yet been determined precisely enough to be included
in the evaluation of V,4 and it is perhaps the most interesting cases for constraining
model dependencies that arise in a second set of theoretical corrections accounting for
isospin symmetry breaking effects. A detailed description of the experiment, analysis
and preliminary results will be presented.
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Mass Measurements around the N = 32 and N = 34 Shell
Closures and Upgrades for TITAN’s Measurement Penning
Trap

William Porter
TRIUMF/UBC

Mass measurement facilities are extremely important in furthering our understand-
ing of nuclear structure away from the valley of stability. TRIUMF’s Ton Trap for
Atomic and Nuclear Science (TITAN) is among the world’s premier precision trapping
facilities, with the newly added Multiple-Reflection Time-of-Flight Mass Spectrometer
(MR-ToF-MS) expanding its reach. The TITAN MR-ToF-MS was used in the measure-
ment of neutron-rich scandium, vanadium and titanium isotopes in the A = 54—57 mass
region. In total, the masses of %7%5Sc, **=57V and %*~°6Ti were measured, resulting in
significant improvements over current literature uncertainties. These masses are critical
to the evolution of the N = 32 and N = 34 shell closures, and our new measurements al-
low for better understanding of trends along these isotones. Morever, the Measurement
Penning Trap (MPET) at TITAN has undergone a series of upgrades to allow for the
measurement of radioactive, highly-charged ions. Along with a new cryogenic cooling
system, the implementation of the Phase-Imaging Ion-Cyclotron-Resonance (PI-ICR)
technique will increase the resolution and precision capabilities of MPET. These up-
grades, along with the aforementioned mass measurements, will be discussed.
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Simulating DAEMON: A new complementary neutron
detector for GRIFFIN

Harris Bidaman
University of Guelph

The study of neutron rich nuclei far from the valley of stability has become an
increasingly important field of research within nuclear physics. One of the decay mech-
anisms that opens when the decay Q value becomes sufficiently large is that of beta-
delayed neutron emission. This decay mode is important when studying the astrophys-
ical r-process as it can have a direct effect on theoretical solar abundance calculations.
The utilization of large-scale neutron detector arrays in future experiments is therefore
imperative in order to study these beta-delayed neutron emitters and better under-
stand these processes. The deuterated scintillator array, DESCANT, was designed to
be coupled with the large-scale gamma-spectrometer arrays GRIFFIN and TIGRESS
at the TRIUMF ISAC facilities. However, DESCANT was originally intended to be a
neutron-tagging array and extracting the neutron energy was not considered a priority
over optimized neutron detection efficiency. This limitation could be overcome through
the use of thin plastic scintillators positioned in front of the DESCANT detectors. The
energy of the neutrons can then be determined via the TOF technique, improving the
precision of the neutron energy with the existing setup significantly and allow for a
more in-depth analysis of beta-delayed neutron emitters at the GRIFFIN decay sta-
tion. To investigate this augmentation, GEANT4 will be used to simulate and optimize
the experimental design, the progress of which will be discussed.
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Advancing Dark Matter Theory With Black Holes, Exploding
Compact Stars, Supercool Gas, and Underground Detectors

(Invited) Thursday
Feb. 11
Joseph Bramante 11:00

Queen’s university

Recent theoretical investigation continues to suggest that dark matter could be
either a supermassive or superlight particle. Discovering dark matter at these mass
extremes requires radical new approaches. I will survey some fascinating developments,
including dark matter that forms black holes in the sun and earth, dark matter that
would make old white dwarfs explode, supermassive dark matter detected through
its fusion of nuclei in Antarctic ice, and ultralight photon-mixed dark matter heating
supercold gas clouds near the center of the Milky Way.

Abstract ID: 95

contact: joseph.bramante@Qqueensu.ca



WNPPC | 27

Superfluid neutron matter with a twist

Georgios Palkanoglou
University of Guelph

Superfluid neutron matter is a key ingredient in the composition of neutron stars.
The physics of the inner crust is largely dependent on that of its S-wave neutron su-
perfluid which has an effect on pulsar glitches and the neutron star cooling. Moreover,
with recent gravitational-wave observations of neutron star mergers, the need for an
equation of state for the matter of these compact stars is further accentuated and a
model-independent treatment of neutron superfluidity is important. Ab initio tech-
niques developed for finite systems can be guided to perform extrapolations to the
thermodynamic limit and attain this model-independent extraction of various quan-
tities of infinite superfluid neutron matter. To inform such an extrapolation scheme,
we performed calculations of the neutron 1Sy pairing gap using the model-independent
odd-even staggering in the context of the particle-conserving, projected BCS theory
under twisted boundary conditions. While the practice of twisted boundary conditions
is standard in solid state physics and has been used repeatedly in the past to reduce
finite-size effects, this is the first time it is employed in the context of pairing. We find
that a twist-averaging approach results in a substantial reduction of the finite-size ef-
fects, bringing systems with N > 50 within a 2% error margin from the infinite system.
This can significantly reduce extrapolation-related errors in the extraction of superfluid
neutron matter quantities.
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Novel Method for the detection of Axions by Daily and
Annual Modulations

Connor Adair
University of British Columbia

Axions which were originally proposed as a solution to the Strong CP problem have
gained interest as a potential Dark Matter candidate. Axion Quark Nuggets (AQNs) are
a new model for Dark Matter consisting of quark or anti-quark matter contained within
an axion domain wall. AQNs can produce axions when they encounter time dependent
perturbations (such as passing through the interior of the earth) which enable their
potential detection. In this talk, we will review the basics of the AQN model and give a
review of contemporary Axion cavity search focusing on the CAST-CAPP experiment.
Next we will show how the CAST-CAPP experiment and search procedure can be
modified to search for AQNs by looking for daily and annual modulations in the CAST
data. We will present preliminary results for this new search procedure and provide
comments on future directions for AQN searches.
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Using underground nuclear accelerators in the quest for dark
matter

Marianne Moore
TRIUMF

The existence of dark matter is ubiquitous in cosmological data and its distribution
has been mapped across many galaxies. From these observations, it must be some type
of particle beyond the Standard Model. Yet, numerous underground particle detectors
on Earth have been thoroughly looking for dark matter without any success. The null
results call for bigger and more sensitive detectors, but this comes at an expensive
price. Instead, I attempt at leveraging the finest tools present in these underground
laboratories to hopefully achieve a successful detection. Here I will discuss how nuclear
accelerators, such as LUNA in Gran Sasso, could provide just what we need to detect
dark matter.
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Optimization of Drift Time Measurement in P-Type
Point-Contact HPGe Detectors

Tianai Ye

Queen’s University

P-type point contact (PPC) high-purity germanium detectors have gained substan-
tial interests in the search for neutrinoless double beta decay (0vS3) due to their
background-rejection capabilities and excellent energy resolution. The drift time of
charge carriers in the detector can be used in determining the position of an energy
deposition and identifying sources of the background. One can also use drift time to
look for evidence of charge trapping by impurities in the germanium crystal and correct
the degraded energy resolution. In this presentation, we discuss an optimized method
for measuring the drift time. The results will be demonstrated using both experimental
and simulated data.
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LoLX experiment

Bindiya Chana

Carleton University

The Light only Liquid Xenon (LoLX) experiment aims to investigate the emission
of scintillation and Cherenkov light in liquid xenon for its applications in rare event
searches in particle physics. LoLX consists of 24 quadruple Hamamatsu VUV4 Silicon
Photomultipliers (SiPM) arranged in an octagonal prism. SiPMs are covered with
two different kinds of optical filters used to separate scintillation and Cherenkov light.
Out of 24 SiPMs, 22 are covered with 225nm long-pass filters to see Cherenkov light
from liquid xenon, one is covered with a band-pass filter centred at 175nm to detect
the scintillation light of liquid xenon and one is left bare. A strontium-90 beta source
placed at centre of the structure is used for light production in LoLLX. The beta electrons
will deposit energy in liquid xenon and produce scintillation and Cherenkov light to be
detected by SiPMs. First LoLX data have been taken in cold nitrogen gas to measure the
external crosstalk events where photons emitted from surface of one SiPM are detected
in another. The first data set of LoLX with liquid xenon is planned to be taken at
McGill University by the time of this conference. This talk will give an overview of the
LoLX experiment, its current status and upcoming plans.
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The Data Acquisition System for the DarkSide-20k Detector
Ashlea Kemp

Queen’s University

The DarkSide Collaboration intends to build a new direct WIMP search detector
DarkSide-20k (DS-20k), a dual-phase Liquid Argon Time Projection Chamber (LAr
TPC) with an active mass of 23 t. Located at the Gran Sasso Laboratory in Italy,
the DS-20k LAr TPC will be enclosed inside a liquid scintillator neutron veto and
submerged inside an external liquid scintillator bath which will act as a cosmogenic
veto. The experiment is designed to be “background-free”, achieved with the use of
low-radioactivity underground argon, Pulse-Shape Discrimination (PSD) and the veto
systems. The DS-20k experimental designs boasts a projected sensitivity to the spin-
independent WIMP-nucleon cross section of 1.2x 107%" cm? for a 1 TeV /c? WIMP mass,
assuming a 100 tonne-year exposure (5-year run) in the absence of any backgrounds
inside the WIMP search region.

Scintillation photons generated inside the TPC and veto will be measured with the
use of Silicon Photomultipliers (SiPMs). DarkSide-20k will use 50 x 50 mm? Pho-
todetector Modules (PDMs), comprised of a large tile of SiPMs that will act as a single
photodetector. There are approximately 5000/3500 PDMs envisioned for the TPC/veto
systems. To readout such a vast number of PDMs poses various logistical challenges
for the data acquisition (DAQ) system. This talk will outline the proposed DAQ sys-
tem/readout strategy for the DS-20k detector and discuss the challenges associated
with such a system, with a particular focus on the neutron veto.
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Towards Validating Misalignment Measurements of
Small-Strip Thin Gap Chamber Quadruplets for the ATLAS
New Small Wheel

Lia Formenti
McGill University

The small wheels of the end-caps of the ATLAS muon spectrometer must be replaced
to improve the angular resolution of tracks for precision muon momentum reconstruc-
tion during Run-3. The New Small Wheel (NSW) will be covered with two detector
technologies, one of which is small-strip thin gap chambers (sTGCs). Canada is re-
sponsible for one quarter of the required sTGCs: the electrode boards are prepared at
TRIUMF; sTGCs are constructed at Carleton University and four sTGCs are glued
into a quadruplet; the quadruplets are tested at McGill University using a cosmic ray
hodoscope; and finally the quadruplets are sent to CERN for integration into the NSW.
The strip electrode layers of each STGC in a quadruplet have 3.2 mm pitch, chosen so
that they can achieve 1 mrad angular resolution on tracks. However, misalignments
between a quadruplet’s strip layers introduced during construction must be corrected
for. The charge profile left by an x-ray gun on quadruplets and coordinate measur-
ing machine (CMM) measurements of individual strip layers are being used to define
these parameters. Work on using cosmic ray data to validate misalignment parameters
derived using the above-mentioned methods will be presented.
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Charged Meson Form Factors At Jefferson Lab Hall C
Nathan Heinrich

University of Regina

Quantum Chromodynamics (QCD) is the accepted theory of the strong force be-
tween quarks and gluons and in recent years many successful predictions have come out
of perturbative QCD (pQCD). However, pQCD is restricted by the running coupling
constant ag, so at lower energies a problem arises where the predictions of pQCD no
longer apply. While QCD-based models attempt to understand this region, they must
be guided by experiment. Thus, many open questions remain: How does QCD tran-
sition between the perturbative (weak) and non-perturbative (strong) regimes? What
predictions does QCD make for hadronic structure? How do other properties of hadrons,
such as mass and spin, arise from QCD? In order to help answer these questions, the
form factors of charged mesons, specifically the 7+ and K™, are ideal candidates as
they are relatively simple systems for theory to predict and are accessible experimen-
tally. As the Goldstone bosons of the strong interaction, they are also seen as key to
understanding some properties of QCD, such as Dynamic Chiral Symmetry Breaking
(DCSB), which is the mechanism believed to generate >98the effort to study the 7+
and KT form factors at Jefferson Lab, as well as a quick overview of the facilities at
Jefferson Lab and Hall C.
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The Electron Ion Collider — A Canadian Perspective
Stephen Kay

University of Regina

A major future initiative of the international nuclear physics community is the
construction of the world’s first electron-nucleus collider in the coming decade, with the
flexibility to change the nuclear ion species as well as the beam energies. For electron-
proton collisions, the Electron-Ion Collider (EIC) would be the world’s first collider
where both beams are polarised. Recently, the EIC has been approved for construction
by the U.S. Department of Energy (US-DOE), at Brookhaven National Laboratory
(Long Island, NY). In this talk, I will briefly outline the design specifications and main
scientific goals of this brand-new facility. In particular, I will examine the planned and
ongoing contributions of the Canadian subatomic physics community to this exciting
new facility.
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Analysis and identification of alpha events for NEWS-G
Jean-Marie Coquillat

Queen’s University

The NEWS-G experiment uses a spherical proportional counter filled with gas in
order to detect potential dark matter particles that can ionize the gas after a nuclear
recoil. The detector works by attracting the free electrons towards the center of the
sphere where there is a high voltage anode inducing a radial electric field. Near the
anode, the accelerated electrons then cause a Townsend avalanche that produces many
drifting ions, which creates an identifiable electrical signal. Since this method has
been most efficient at energies below 1 GeV, that is where keeping the background
contamination at minimum is of upmost importance. However, there is approximately
20 mBq of alpha particles coming from impurities in the copper surface of the sphere
that create a sudden influx of events close to the region of interest for up to five seconds.
These alphas also lead to fluctuations in the electric field, which in turn alters the time
taken for electrons to reach the anode at the center. This presentation aims to show
how the consequences of alpha particles in the detector can be characterized, as well as
how those consequences can be used to better identify alpha events in order to remove
the correlated influx of low energy events. *On behalf of the NEWS-G collaborations

Abstract ID: 53

contact: jeanmarie.coquillat@Qqueensu.ca

Thursday
Feb. 11
16:00



WNPPC | 37

Neutrons for Characterizing Dark Matter Detectors

Jean-Frangois Caron

Queen’s University

At the Queen’s University Reactor Materials Testing Laborator (RMTL) we are de-
veloping a quasi-monoenergetic beam of intermediate-energy neutrons. These neutrons
will be used to do scattering experiments on the nuclei of gas atoms in the NEWS-G
dark matter detector to measure the so-called quenching factor. The quenching factor
relates the energy measured from nuclear recoils (such as from a neutron or dark matter
detector) to electronic recoils (from normal calibration sources). The quenching factor
depends on the nuclear recoil energy, so a specific and tunable neutron energy is im-
portant to get the best possible calibration for NEWS-G. I will describe progress made
in 2020, with a new detector, shielding, nuclear targets, and improved positioning and
alignment in the experimental room.
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A Measurement of Zinc-65 Using Data from the KDK
Experiment

Lilianna Hariasz

Queen’s University

Zinc-65 (Zn-65) is a radionuclide of interest in the fields of medicine and gamma-ray
spectroscopy, within which its continued use as a tracer and common calibration source
necessitates increasingly-precise nuclear decay data. A Zn-65 dataset was obtained
as part of the KDK (“potassium decay”) experiment, whose apparatus consists of an
inner X-ray detector and an efficient outer detector, the Modular Total Absorption
Spectrometer (MTAS), to tag gamma rays. This setup allows for the discrimination
of the electron capture decays of Zn-65 to the ground (EC) and excited (EC*) states
of Copper-65 (Cu-65) using an emerging technique for such a measurement, exploiting
the high efficiency (~98
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Light Collection in the Scintillation Bubble Chamber

Hector Hawley Herrera

Queen’s University

The ongoing search for dark matter continues to evolve, and the quest to reach
lower cross-sections is leading to new technologies. One of the newer proposals involves
the use of a bubble chamber which employs noble elements (such as argon and xenon)
as the active mass. Combining recent developments of bubble chambers with liquid
noble gases allows additional scintillation and ionization data to be collected. These
channels further suppresses backgrounds allowing the exploration of lower dark matter
mass parameter space with a lower energy threshold. This talk/poster focuses on the
current development of SBC (scintillating bubble chamber), and the SiPMs (silicon
photomultipliers) used in the detector.
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Characterizing and removing ER background events in the
DEAP-3600 experiment

Mark Stringer

Queen’s University

"DEAP-3600 searches for dark matter via the coherent scattering of argon nuclei by
dark matter particles as they traverse the detector. The detector is located at SNOLAB,
and uses 255 photomultiplier tubes (PMTs) viewing 3300 kg of liquid atmospheric ar-
gon (AAr) in a spherical acrylic vessel. The use of liquid argon as a target allows
the powerful discrimination of nuclear recoils (NR) (produced in DM collisions or from
background interactions) from beta and gamma electronic recoil (ER) backgrounds.
Due to the fraction of Argon-39 naturally present within the AAr, with activity 0.95
Bq per kg of AAr, ER events form the dominant component of the backgrounds. The
discrimination is only possible due to the large difference in the scintillation live times
between the triplet (predominantly produced in ER interactions) and singlet (predom-
inantly produced in NR interactions) states of Ar.

As the scintillation spectrum of Argon peaks at 128 nm, it needs to be shifted to a
wavelength where the PMTs are sensitive, this is achieved by coating the inner surface
of the acrylic vessel with TPB wavelength shifter. The fluorescence time profile of the
TPB, and other detector effects need to be taken into account when developing a model
for the detector response. This presentation will cover the development and components
of a model for the response of the detector to Argon-39 decays and the application of
the Argon-39 ER band to develop a region of interest for the dark matter search.
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A Novel Algorithm for Alpha Discrimination in PICO Bubble
Chambers

Quintin Trayling

Queen’s University

A new comprehensive algorithm is presented for acoustic analysis of the complete
exposure of the PICO-60 dark matter detector. The PICO-60 detector is a bubble
chamber filled with 52 kg of C3Fg operated at the SNOLAB underground laboratory.
The bubble chamber experiments run by PICO have been some of the leading exper-
iments in direct detection of spin-dependent WIMP-proton interactions; the complete
exposure of the PICO-60 detector sets an upper bound on the cross-section of these in-
teractions at 2.5 x 104! c¢m? for a 25 GeV WIMP (Amole et. al, 2019). One advantage
the PICO bubble chambers have is the Acoustic Parameter (AP) used for rejection of
alpha decays of ?22Rn. Using the AP for alpha discrimination of the WIMP search pro-
duced 3 events which could not be classified as either alphas or nuclear recoils, called
"mid-AP” events. Using this new algorithm to find optimal frequency bands in the
acoustic power spectra, the ”Signal to Noise Ratio” (SNR) was able to be calculated to
replace the AP, and Machine Learning Algorithms were used to supplement the SNR.
Using the SNR, all 3 "mid-AP” events from PICO-60 were able to be classified as al-
phas or nuclear recoils. Furthermore, this algorithm can be applied to any other PICO
bubble chamber, or any other bubble chamber with acoustic alpha discrimination.
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Particle Physics with Neutrino Telescopes in Canada
(Invited)

Juan Pablo Yanez
University of Alberta

Every time researchers have pushed the energy boundary in particle physics we have
found something new about our Universe. Recently, IceCube has demonstrated that
Neutrino Telescopes can use neutrinos from the cosmos as excellent tools to continue
this exploration. In this talk I will cover the latest searches for new physics using
IceCube, as well as plans to deploy a new Neutrino Telescope in the Pacific, off the
coast of Vancouver Island: P-ONE.
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Measuring the absorption length of the deep Pacific Ocean:
Results from STRAW, a pathfinder mission for the proposed
P-ONE neutrino telescope

Andreas Gaertner
University of Alberta

In the search for astrophysical neutrinos, neutrino telescopes instrument large vol-
umes of clear natural water. Photomultiplier tubes placed along mooring lines detect
the Cherenkov light of secondary particles produced in neutrino interactions, and allow
us to search for possible neutrino sources in the sky. The P-ONE experiment proposes
a new neutrino telescope off the shore of British Columbia.

To overcome the challenges of a deep-sea installation, we have developed proto-
type mooring lines in collaboration with Ocean Networks Canada, an initiative of the
University of Victoria, which provides the infrastructure for many Oceanographic in-
struments. The STRAW and STRAW-b mooring lines, deployed in 2018 and 2020,
provide continuous monitoring of optical water properties at a new possible detector
site in the Pacific.

We present the measurements of the attenuation length, one of the defining prop-
erties of the site, based on data taken by the STRAW experiment.
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Muon Track Reconstruction for the Upcoming P-ONE
Telescope

Dilraj Ghuman

Queen’s University

The neutrino, a fundemental particle, offers the potential to image parts of the uni-
verse never before seen and can provide an early warning for cosmic events. With their
ability to carry information across the universe unperturbed, neutrinos offer a clear
image of the cosmos and can provide insight into its nature with relative ease. Learn-
ing from successful neutrino telescopes such as IceCube, the Pacific Ocean Neutrino
Explorer (P-ONE) will be built in the Cascadia Basin in the Pacific Ocean, supported
by an international collaboration. Located 2660 meters below sea level, P-ONE will
consist of 70 strings each armed with at least 20 sensitive photodetectors and 2 calibra-
tors in an infrastructure provided by Ocean Networks Canada. A key step in the data
analysis pipeline is the reconstruction of the path of particles as they pass through the
detector. Using simulated data, I will present my work in reconstructing muon tracks
in this proposed detector through a likelihood framework.
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Potassium Decay Noise Modeling for the Pacific Ocean
Neutrino Explorer (P-ONE)

Jakub Stacho

Simon Fraser University

Recent observations by neutrino observatories such as IceCube have thoroughly
cemented the research potential of neutrino astronomy. The Pacific Ocean Neutrino
Explorer (P-ONE) is a proposed initiative to construct one of the largest neutrino tele-
scopes deep in the northern Pacific Ocean off the coast of British Columbia. The detec-
tor itself will consist of an array of strings lined with digital optical modules (DOMs) for
detecting Cherenkov light induced by neutrino interactions. Two pathfinder missions
have been deployed in order to study the optical properties of the seawater including
scattering and absorption lengths as well as noise. As part of this analysis, the am-
bient background activity produced by Cherenkov light from the decay of natural K
in saltwater needs to be characterized. This presentation will detail the modeling pro-
cess of the undersea environment and detector DOMs using Geant4 while also verifying
simulation data against in situ measurements to obtain a full understanding of the “°K
background. Not only is this an important step of the site characterization that will
serve to improve future event trigger development, but accurate modeling of ambient
40K will also prove to be useful for detector efficiency measurement and recalibration.
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ResNet Convolutional Neural Networks for Particle
Identification in Water Cherenkov Detectors

Joshua Tindall
TRIUMF

Current and next generation water Cherenkov detectors require precise event re-
construction to maximise detectors’ capabilities. Machine learning is being explored in
numerous areas related to these detectors for its potential to provide this precision, po-
tentially aiding projects like Super-Kamiokande, and its successor Hyper-Kamiokande.
Event reconstruction has been a particular area of focus of these machine learning ef-
forts, including tasks such as particle type identification. This task is complicated by
challenges such as the presence of gamma events, which produce multiple highly prox-
imal Cherenkov rings, resulting in a signal that is very difficult to discriminate from
single electron events. This talk will provide a discussion of the progress and challenges
of ongoing efforts towards event classification in water Cherenkov detectors, with a fo-
cus on results achieved with the ResNet architecture. This will include an outline of
the approach, an examination of its ability to resolve the e/ discrimination problem,
and a comparison of performance with existing reconstruction algorithms. Future de-
velopments and applications related to ResNet classifiers will also be explored, such as
the characterization of systematic uncertainties.
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Search for new physics inside jets at the ATLAS detector
using machine learning

Jacinthe Pilette

Université de Montréal

Since the discovery of the Higgs Boson at the LHC in 2012, no sign of new physics
beyond the Standard Model has been found. The SUSY and exotic particles searches
have not uncovered signs of new physics, as the model-dependent searches. In recent
years, multiple unsupervised machine learning methods have been proposed to search
for new physics at the LHC. This talk will explore the use of a variational auto-encoder
(VAE) to perform a general search in proton-proton collisions at the LHC using large
radius jets in ATLAS simulation data. The algorithm was trained on TopoClusters
to differentiate between the dominant QQCD background and a chosen test signal cor-
responding to top quark jets. The most anomalous jets predicted by the VAE were
selected to plot the invariant mass spectrum to find the top quark mass peak. Our
study found an important correlation between the jet invariant mass and the loss func-
tion of the VAE, resulting in QCD background sculpting and preventing the apparition
of the top peak. We successfully used a mass-decorrelation method based on Outlier
Exposure to prevent this sculpting.
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Machine Learning for Energy Reconstruction in ATLAS
Calorimeters

Luke Polson

University of Victoria

A crucial task of the ATLAS calorimeter is energy measurement of detected parti-
cles. In the liquid argon (LAr) calorimeter subdetector of ATLAS, electromagnetically
and hadronically interacting particles are detected through LAr ionization. Special
electronics convert drifting electrons into a measurable current. The analytical tech-
nique presently used to extract energy from the measured current is known as optimal
filtering. While this technique is sufficient for contemporary pile-up conditions in the
LHC, it has been shown to suffer some degradation of performance with the increased
luminosity expected at the High Luminosity LHC. This presentation will explore ma-
chine learning techniques as a substitute for optimal filtering, examining the strengths,
weaknesses, and limitations of both energy reconstruction methods.
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Light Tetraquarks mass estimates using QCD Sum Rules
Barbara Cid Mora

University of Saskatchewan

Multiquark states have been of great interest among hadronic physicists, and de-
spite the big breakthrough that came in 2003 with the discovery of the charmonium-
like tetraquark candidate X(3872), their internal quark structure (e.g., molecular versus
diquark clusters) are not well-understood yet. QCD sum-rule mass estimates for mul-
tiquark states can provide insights on possible internal quark structures. Previous
research suggests that the next-to-leading order (NLO) corrections to QCD sum-rule
mass determinations are quite different in heavy and light multiquark states. The study
of these multiquark systems can give us another approach to understand strong inter-
actions at the elementary level and at different energy scales. The goal of this research
is a detailed examination of the NLO corrections to mass estimates of the light scalar
tetraquarks using QCD sum-rules.
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The Search for Evidence of Vector Boson Scattering Between
a Photon and a W Boson with the ATLAS Detector

John McGowan
McGill University

It is known that the unique shape of the Higgs potential assumed in the Standard
Model results in spontaneous symmetry breaking in physics at low energies, but the
exact role of the Higgs in electroweak symmetry breaking (EWSB) has yet to be exper-
imentally established. This gap in understanding also leaves the possibility that new
physics phenomena could contribute to EWSB. One particularly powerful approach to
search for new physics phenomena is in the study of the self-couplings of electroweak
gauge bosons. In the Standard Model, the interactions between gauge bosons are
completely specified by the non-Abelian SU(2) x U(1) structure of the theory. Any de-
viations from this expectation would indicate the presence of new physics phenomena
at unprobed energy scales. The large data samples collected by the ATLAS experiment
at the LHC make it possible to now explore extremely rare processes involving the in-
teraction between four gauge bosons. In this talk I will discuss the search for evidence
of one of these rare processes, namely, the vector boson scattering between a W boson
and a photon, whose production cross-section has never before been measured by the
ATLAS collaboration. This measurement comes with exciting challenges related to the
proper modelling of the detector response to jets and adequate modelling of the large
QCD background at high dijet mass. I will discuss data-driven and machine learning
approaches to overcoming these challenges.
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Beam Asymmetry in yp — n AT at GlueX

Varun Neelamana

University of Regina

The photo-production mechanism used in the GlueX experiment by impinging an
8.2-8.8 GeV linearly polarized photon beam on a liquid hydrogen target allows the
mapping of light mesons in unprecedented detail with particular interest in exotic me-
son candidates. Polarization observables such as beam asymmetry I, extracted from
azimuthal (¢) angular distributions between the meson production plane and the polar-
ized photon beam, help in understanding production mechanisms via t-channel quasi-
particle exchange processes using Regge theory. We report preliminary results on the
beam asymmetry measurements for n in yp — n A*. The reaction yp — n A* provides
an opportunity for validation of previous 7 asymmetry measurements and theoretical
calculations. Ensuring that exchange mechanisms are understood is a crucial ingredient
to the establishing of new photoproduced light meson states.
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Long-Lived Particles - Searching for new physics at the
Energy Frontier

(Invited) Friday
Feb. 12
Matthias Danninger 16:00

Simon Fraser University

For the last few decades, High Energy Physics has been a victim of its own early
success. Despite numerous theoretical arguments why it cannot be the final explanation
for the interactions of fundamental particles, the Standard Model of particle physics
continues to withstand intense scrutiny of the most determined experimental physicists.
One promising way to search for signs of new physics is at the energy frontier at the
LHC, probing energies comparable to those present very shortly after the Big Bang.

In this talk, I will review some recent experimental results for searches for signs of
long-lived new particle signatures using data from the ATLAS experiment. Searching
for these particles is highly challenging as they have the tendency to avoid interactions,
making them elusive to detection. I will discuss details about the detector performance,
which are crucial for such searches.
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Measurement of W boson Drell-Yan Angular Coefficients

Alexander Bachiu

Carleton University

The Large Hadron Collider located at CERN outside of Geneva, Switzerland uses
proton-proton collisions to produce a wide range of particles. W and Z bosons, the me-
diators of the fundamental weak force, are some of the particles that can be produced
in proton-proton collisions and can be used to give a more complete understanding of
the Standard Model. One of the ways they can decay is into detectable lepton particles,
such as electrons, which can be measured with the ATLAS (A Toroidal LHC Appara-
tuS) detector. The Drell-Yan process is the production of W/Z bosons in proton-proton
interactions with leptonic final states. Its differential cross-section expresses the prob-
ability for this process to occur depending on the W/Z bosons’ and decay products’
kinematic variables. It can be separated into eight spin-related ratios, known as the
Drell-Yan angular coefficients. The coefficients are coupled to trigonometric polynomi-
als which contain information about the detected leptons. Using the property that the
polynomials are orthogonal to each other, it is possible to isolate each coefficient. This
talk will cover my research of measuring these coefficients for the W bosons with special
data sets. This measurement gives both a unique result for many of the coefficients as
well as it helps reduce the uncertainty for other measurements like the mass of the W
bosons.

Abstract I1D: 44

contact: alexander.bachiu@gmail.com

Friday
Feb. 12
16:30



WNPPC | 54

Precision measurement of the Z boson transverse momentum
with the ATLAS detector

Benjamin Davis-Purcell

Carleton University

The ATLAS Experiment at CERN is a general-purpose particle physics detector
that measures properties of particles created in high-energy proton-proton collisions
fueled by CERN’s Large Hadron Collider (LHC). Searching for undiscovered particles
is exciting, but there is still much to be learned about the particles that we know
to exist in the Standard Model by making precision measurements of these particles.
One area where increased precision is needed is the electroweak sector, where potential
tension exists between theoretical predictions and the current best measurements on
important properties such as the mass of the W-boson. In this talk, I will discuss our
precision measurement of the transverse momentum of the Z boson, a vital stepping
stone to improving our W-boson mass measurement. I will explain how this difficult
measurement, has been made possible thanks to a unique reduced-background ATLAS
dataset.
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Production cross-section and charge asymmetry of the W
boson with jets

Christina Nelson
McGill University

W+ jets is a curious playground of hard objects like jets, and electroweak inter-
actions from the leptonic decay of the W boson. In this region of phase space, very
interesting measurements are made to stringently test the Standard Model production
mechanisms, as well as provide inputs to state-of-the-art parton distribution functions
determination, for example with the W+/W- asymmetry measurement. Additionally
W +jets is a dominant background for many Beyond-the-Standard-Model searches and
Higgs measurements, thus improving this measurement and reducing systematics will
have a large impact to improve many such analyses and our understanding of funda-
mental high energy physics.
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W+~ production in proton-proton collisions at the Large
Hadron Collider with the ATLAS detector

Alessandro Ambler
McGill University

The Large Hadron Collider (LHC) at CERN has been colliding protons at an un-
precedented center of mass energy of 13 TeV since 2015. ATLAS, a general-purpose
particle detector located at one of the LHC’s interaction points, has collected nearly
140 fb™! of the resulting data, allowing scientists to perform some of the most stringent
tests of the Standard Model (SM) of particle physics to date. This data set offers a
newfound sensitivity to rare and yet unobserved processes such as the SM production
of a W boson and two photons. This process represents an important test of the elec-
troweak sector since any deviation from the predicted self couplings of the gauge bosons
would indicate the presence of new physics phenomena at yet unprobed energy scales.
The measurement of this process does not come without its challenges however. Mul-
tiple background sources are expected to contribute to this process’s signature in the
detector. Though some can be modeled through simulation, events where a hadronic
jet is reconstructed as either a lepton or photon must be estimated using data-driven
techniques. This is due to the numerous sources of jets and the complex nature of
their interaction with the detector which are poorly modeled. The estimation of these
backgrounds will be crucial to achieving the first observation of W~~ production in
proton-proton collisions and the precise measurement of its production cross section to
test its agreement with SM predictions.
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