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Contribution ID: 0 Type: not specified

Exploring the supersymmetric U(1)B−L× U(1)R
model with dark matter, muon g − 2 and Z ′ mass

limits (student talk)
Saturday, 17 February 2018 20:30 (15 minutes)

We study the low scale predictions of supersymmetric standard model extended by U(1)B−L ×
U(1)R symmetry, obtained from SO(10) breaking via a left-right supersymmetric model, impos-
ing universal boundary conditions. Two singlet Higgs fields are responsible for the radiative
U(1)B−L × U(1)R symmetry breaking, and a singlet fermion S is introduced to generate neu-
trino masses through inverse seesaw mechanism. The lightest neutralino or sneutrino emerge as
dark matter candidates, with different low scale implications. We find that the composition of
the neutralino LSP changes considerably depending on the neutralino LSP mass, from roughly
half U(1)R bino, half MSSM bino, to singlet higgsino, or completely dominated by MSSM hig-
gsino. The sneutrino LSP is statistically much less likely, and when it occurs it is a 50-50 mixture
of right-handed sneutrino and the scalar S̃. Most of the solutions consistent with the relic den-
sity constraint survive the XENON 1T exclusion curve for both LSP cases. We compare the two
scenarios and investigate parameter space points and find consistency with the muon anomalous
magnetic moment only at the edge of 2σ deviation from the measured value. However, we find
that the sneutrino LSP solutions could be ruled out completely by strict reinforcement of the recent
Z ′ mass bounds. We finally discuss collider prospects for testing the model.

Primary author: Mr ÖZDAL, Özer (Concordia University)

Co-author: Prof. FRANK, Mariana (Concordia University)

Presenter: Mr ÖZDAL, Özer (Concordia University)

Session Classification: Session #5
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Contribution ID: 1 Type: not specified

Search for supersymmetry in final states with two
same-sign or three leptons and jets using 13 TeV

ATLAS data
Saturday, 17 February 2018 11:15 (15 minutes)

A search for strongly produced supersymmetric particles using signatures involving multiple en-
ergetic jets and either two isolated same-sign leptons (e or µ), or at least three isolated leptons,
is presented. The analysis relies on the identification of b-jets and high missing transverse mo-
mentum to achieve good sensitivity. A data sample of proton–proton collisions at sqrt s = 13 TeV
recorded with the ATLAS detector at the Large Hadron Collider in 2015 and 2016, corresponding
to a total integrated luminosity of 36.1 fb−1 , is used for the search. No significant excess over
the Standard Model prediction is observed. The results are interpreted in several simplified super-
symmetric models featuring R-parity conservation or R-parity violation, extending the exclusion
limits from previous searches. In models considering gluino pair production, gluino masses are
excluded up to 1.87 TeV at 95% confidence level. When bottom squarks are pair-produced and
decay to a chargino and a top quark, models with bottom squark masses below 700 GeV and light
neutralinos are excluded at 95% confidence level.

Primary author: DUCU, Otilia (University of Montreal)

Presenter: DUCU, Otilia (University of Montreal)

Session Classification: Session #4
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Contribution ID: 2 Type: not specified

High-statistics β-decay study of collectivity in 122Xe
(student talk)

Friday, 16 February 2018 09:30 (15 minutes)

The evolution of the simple collective signature, the excited first 2+ state energy,
is extraordinarily smooth for the nuclei in the Z>50, N<82 region, which is expected
to be an ideal region to test collectivity. The study of 122Xe is a part of a systematic
examination of the development of collectivity in the Xe isotopes which are located in the region.
Detailed investigations of nuclear structure in the Xe isotopes reveal
a pairing vibrational structure influenced by proton subshell gaps.
In particular, the 0+3 states in 124−132Xe are very strongly populated in
(3He,n) reactions [1], suggesting a pairing vibrational structure.
Recent work on 124Xe [2] has established nearly identical quadrupole collectivity
for the pairing vibrational 0+3 band and the ground state band.
The collectivity of excited states in 122Xe is not well
characterized because of a general lack of spectroscopic data for
low- and high-spin states, which provide measures of collective properties.

The experiment to study 122Xe with the β+/EC decay of 122Cs
was performed at the TRIUMF-ISAC facility located in Vancouver, B.C., Canada.
The data collected have enabled
the observation of about 505 new transitions and about 250 new levels, including
around 145 new high-spin states. The results on the establishment of the 2+ band members of
the 0+2 and 0+3 bands, observation of important, but
previously unobserved, 2+2 → 0+2 and 2+3 → 0+3 transitions [3],
and the confirmation of the spin of the 0+3 state [4] are reported.
In addition, the present work is focused on newly observed high-spin states of 122Xe.

[1] W.P. Alford, et.al., Nucl. Phys. A323, 339 (1979).

[2] A.J. Radich et.al., Phys. Rev. C91, 044320 (2015).

[3] B. Jigmeddorj et.al., Web of Conf. 107, 03014 (2016)

[4] B. Jigmeddorj et.al., Physics Procedia 90 ( 2017 )

Primary author: JIGMEDDORJ, Badamsambuu (University of Guelph)

Co-authors: GARNSWORTHY, Adam (TRIUMF); RADICH, Allison (University of Guelph); HA-
DINIA, Baharak (McMaster University, University of Guelph); SVENSSON, Carl (University of Guelph); AN-
DREOIU, Corina (Simon Fraser University); CROSS, David (Simon Fraser University); RAND, Evan
(Chalk River Laboratories, University of Guelph); BALL, Gordon (TRIUMF); PATK, Jason (Lund Uni-
versity, University of British Columbia, TRIUMF); PORE, Jennifer (Lawrence Berkeley National Lab-
oratory, Simon Fraser University); WOOD, John (Georgia Institute of Technology); MOUKADDAM,
Mohamad (University of Surrey, TRIUMF); RAJABALI, Mustafa (Tennessee Technological University,
TRIUMF); GARRETT, Paul (University of Guelph); VOSS, Philip (Albion College); YATES, Steven (Uni-
versity of Kentucky); BRUHN, T (Simon Fraser University, TRIUMF); RIZWAN, Usman (Simon Fraser
University); WANG, Zhimin (Simon Fraser University, TRIUMF)

Presenter: JIGMEDDORJ, Badamsambuu (University of Guelph)
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Contribution ID: 3 Type: not specified

Neutrinos, Dark Matter and the Standard Model
(student talk)

Saturday, 17 February 2018 19:30 (15 minutes)

The Standard Model, was formulated in the beginning of the ‘70s but only became empirically
establish in the ‘80s, although it has not been able to describe the gravitational interaction yet,
it succeeded in describing the electromagnetic interaction, the weak interaction and strong inter-
action. The three different types of neutrinos that exist in the Universe are in the exact number
predicted by the Standard Model of elementary particles. They are like “small children” capable of
never seen incredible tricks such as transforming themselves into each other as they travel in space.
Despite the various experiments performed to understand their behavior and interaction with the
remaining particles, physicists keep up on their quest for the “sterile” neutrino. This fourth type
of neutrino would explain a big set of question marks left in the air. It would be much more mas-
sive than the other remaining three types, which have very low masses, and it’s interaction with
matter would only be through the force of gravity, which would make it a strong candidate as the
constituent of dark matter. This discovery would also be the first clear manifestation of physics
beyond the Standard Model.

Summary

Although the Standard Model answer several questions of the structure of matter, it does not an-
swer to all of them. Some discussion arise, about why we observe matter and nearly no antimatter,
if we believe there is a symmetry between the two in the universe. Physicists have not yet found
the answer to how does gravity interact in all of this and why the dark matter has a visible grav-
itational effect in the cosmos. They, do not know how is the observed pattern for particle masses
explained and also why it’s assumed that there are only three generations of leptons and quarks,
as well as, if they are composed by even more fundamental particles, or if they themselves are
fundamental particles.

Primary author: Dr FRANCISCO, Carla (Laval University)

Co-authors: Dr ALMEIDA, Cleibson (Aberta University); Dr SANTOS, Luis Carlos Batista (Brazil-
ian air force); Prof. OLIVEIRA, Teresa (Aberta University); Prof. DUCHESNE, Thierry (Laval Univer-
sity)

Presenter: Dr FRANCISCO, Carla (Laval University)
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Contribution ID: 4 Type: not specified

One-Neutron Transfer into 22Ne (student talk)
Friday, 16 February 2018 10:00 (15 minutes)

In this contribution, we present a preliminary look into a recent neutron transfer experiment done
at TRIUMF in July 2017 studying the 22Ne nucleus. 22Ne plays an important role in the nucleosyn-
thesis in asymptotic giant branch stars, with its synthesis competing with the production of 19F
through the so called ‘poisoning reaction’, and the following transfer into 25Mg acting as one of
the main neutron sources for the s-process. By using the high granularity of the TIGRESS high
purity germanium detector array we can confirm the resonance energies, coupled to the SHARC
highly segmented silicon detector we can determine the spins for these resonances, and using
Doppler shift attenuation method we will constrain lifetimes of resonances down to femtoseconds,
all allowing for the reaction rate of 22Ne production in AGB stars to be better defined, giving in-
sight into the low abundance of 19F and a better understanding of nucleosynthesis through the
s-process.

Primary authors: GREAVES, Beau (University of Guelph); Dr MUECHER, Dennis (University of
Guelph); Dr GILLESPIE, Stephen (TRIUMF)

Co-authors: Mr MACLEAN, Andrew (University of Guelph); Dr SVENSSON, Carl (University
of Guelph); Ms BURBADGE, Christina (University of Guelph); Mr HYMERS, Devin (University of
Guelph); Ms KASANDA, Eva (University of Guelph); Dr HACKMAN, Greg (TRIUMF); Mr TURKO,
Joseph (University of Guelph); Dr STAROSTA, Krzysztof (Simon Fraser University); Dr DRAKE, Tom
(University of Toronto); Mr ROCKMAN, Tomer (University of Guelph)

Presenter: GREAVES, Beau (University of Guelph)
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Equivalence and Classification of 4D Adinkras
(student talk)

Saturday, 17 February 2018 20:45 (15 minutes)

Adinkras are powerful and concise tools for the representation of complex supersymmetrical alge-
bras as graphical objects. As these graphs can be seen as topologically equivalent to hypercubes of
varying dimensions then these objects can be studied in terms of their underlying matrix structure.
We have discovered a means of classifying all 4D Adinkra graphs in terms of attributes of their
colour-sign superimposition matrices. Our efforts culminate in research towards the construction
of a simple object for computing Adinkras using a minimum number of these matrix attributes.
This result leads to a prediction of all possible solutions of topologies, with our focus upon the
Chiral Supermultiplet.

Summary
Adinkras are a simple means of preserving supersymmetric algebraic and differential relationships
between physically significant field theories and measurable operators. These graphs obey simple
rules of composition, namely they are odd-dashed bipartite representations.

These representations encode pertinent information pertaining to the super-partner relationships
between the two fundamental forms of physical matter: bosons and fermions. All graphs begin
with a bosonic node, which depending upon the specific energy level will produce some connected
fabric of further boson-fermion super-partner networks.

The three principle cases of Adinkra representation come from the Chiral, Vectorial, and Tenso-
rial supermultiplets. These result in three distinct Adinkra topologies that can be represented in
terms of a set of adjacency matrices, corresponding to each of the colour-coded edges given in the
graphical representation.

Each of these representations encodes specific properties and attributes of the underlying adja-
cency matrices, as well as important physical information concerning available energy levels.

While Dr. Sylvester James Gates et al (S.J. Gates, Jr., T. Grover, M.D. Miller-Dickson, B.A.
Mondal, A. Oskoui, S. Regmi, E. Ross, and R. Shetty, A Lorentz
Covariant Holoraumy-Induced ”Gadget”From Minimal Off-Shell 4D, N = 1 Supermulti-
plets, Arxiv 1508.07546, 2015) have developed a “gadget” tool which allows for some dimen-
sional and topological analysis of Adinkras, the specific behaviour of this object remains some-
what elusive and it is unknown as to exactly what its ramifications are. Motivated by categorical
and topological equivalences we have sought to construct a new “gadget” which enables one to
compute equivalent classes of Adinkra topologies.

Using the elementary properties of the adjacency matrices it is possible to encode the geometric
striation of each super-adjacency matrix into a nine-digit identifier. This “Gadget” can further be
compressed into a five-digit serial number, via a change of numerical base, which permits one to
generate equivalence classes of Adinkra representations.

Primary authors: Mr KANG, Lucas (Brown University); Mr UMBACH, Tyrell Edward (Concordia
University)
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Contribution ID: 6 Type: not specified

AmBe source calibration in the SNO+ water phase
(student talk)

Thursday, 15 February 2018 20:15 (15 minutes)

SNO+ is a kilo-tonne scale liquid scintillator experiment in search for neutrinoless double beta
decay. SNO+ reuses the old SNO detector, which is currently filled with water. Physics topics
including nucleon decay and antineutrino detection are explored during this water phase. In this
talk I will discuss the importance of AmBe source calibration on both physics topics along with an
overview of the progress we have made on the AmBe source calibration in the last few months.

Primary author: Mr LIU, Yan (Queen’s University)

Presenter: Mr LIU, Yan (Queen’s University)

Session Classification: Session #1

April 28, 2024 Page 9



Winter Nuclear P … / Report of Contributions Overview of the Higgs and Standa …

Contribution ID: 7 Type: not specified

Overview of the Higgs and Standard Model physics
at ATLAS [INVITED]

Saturday, 17 February 2018 09:00 (30 minutes)

This talk presents selected aspects of recent physics results from the ATLAS collaboration in the
Standard Model and Higgs sectors, with a focus on the recent evidence for the associated produc-
tion of the Higgs boson and a top quark pair.

Primary author: Dr VAZQUEZ SCHROEDER, Tamara (McGill University)

Presenter: Dr VAZQUEZ SCHROEDER, Tamara (McGill University)

Session Classification: Session #4
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Contribution ID: 8 Type: not specified

Illuminating the dark sector with astrophysical
neutrinos [INVITED]

Saturday, 17 February 2018 19:00 (30 minutes)

IceCube’s observation of high-energy extra extraterrestrial neutrinos has signalled the dawn of
neutrino astronomy. These events carry energies upward of a PeV and are isotropically distributed
in the sky, and thus far their origin remains unknown. However, these data contain valuable
information in their energy, flavour composition and arrival directions. I will demonstrate how
these observables can already be used to learn about new physics, and specifically discuss the
case of dark matter-neutrino interactions, which have long been studied in the low-energy limit
of cosmology.

Primary author: VINCENT, Aaron (Queen’s University)

Presenter: VINCENT, Aaron (Queen’s University)

Session Classification: Session #5
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Contribution ID: 9 Type: not specified

Compensation of Magnetic Fields at the TRIUMF
nEDM Experiment (student talk)

Friday, 16 February 2018 11:30 (15 minutes)

The existence of a non-zero neutron electric dipole moment (nEDM) would violate parity and time-
reversal symmetry. Extensions to the Standard Model predict the nEDM to be 10−26 - 10−28 e-cm.
The current best upper limit set by Sussex/RAL/ILL nEDM experiment is 3.0 × 10−26 e-cm. The
nEDM experiment at TRIUMF is aiming at the 10−27 e-cm sensitivity level. We are developing the
world’s highest density source of UCN. The experiment requires a very stable (<~pT) and homoge-
neous (<~nT/m) magnetic field (B0) within the measurement cell. My involvement in the nEDM
experiment is the development of active magnetic shielding to stabilize the external magnetic field
by compensation coils. A prototype active magnetic shield has been tested at The University of
Winnipeg. I will report on latest experimental results from this prototype and simulations con-
ducted to understand the results. The magnetic environment at TRIUMF is more challenging than
in our lab in Winnipeg, because of the closeness of the experiment to the TRIUMF cyclotron (B
∼ 350 − 400 µT which is almost one order of magnitude larger than usual background fields)
and the changing environment with iron. Studies of the implementation at TRIUMF will also be
reported.

Primary author: Mr AHMED, Shomi (U of Manitoba/ U of Winnipeg - for the TUCAN Collabora-
tion)

Presenter: Mr AHMED, Shomi (U of Manitoba/ U of Winnipeg - for the TUCAN Collaboration)

Session Classification: Session #2
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Contribution ID: 10 Type: not specified

High-sensitivity atomic magnetometer for neutron
EDM (student talk)

Friday, 16 February 2018 11:15 (15 minutes)

A non-zero neutron electric dipole moment (nEDM) would indicate time reversal and consequently
charge-parity violation (T and CP). Many experiments are currently being conducted or planned
to measure the nEDM. At present the experimental upper bound on the nEDM is 3.0×10−26 e-
cm. Our collaboration is developing an experiment at TRIUMF to improve the sensitivity to the
nEDM by over one order of magnitude (10−27e-cm). I am proposed to develop a highly sensitive
atomic magnetometer based on nonlinear magneto-optical rotation (NMOR). This is a crucial tool
in the nEDM apparatus, for measurements of the stability and homogeneity of magnetic fields. The
NMOR magnetometer is designed to serve in an array of such sensors to characterize the magnetic
field in the experiment. An NMOR magnetometer has been developed and constructed at The
University of Winnipeg. In this system an atomic vapour cell containing natural rubidium with
stable isotopes Rb-87 and Rb-85 is used. An NMOR resonance occurs when the optical pumping
is synchronous with Larmor precession. This causes the atomic vapor to become birefringent, so
that subsequent probe light experiences polarization rotation modulated at the same frequency.
Currently I am working on testing the performance of this NMOR magnetometer. I will report on
latest experimental results on performance and of testing magnetic field stability, current source
stability, temperature stability in our prototype magnetic field generation and shielding system.

Primary author: DAS, Moushumi (TUCAN collaboration)

Presenter: DAS, Moushumi (TUCAN collaboration)

Session Classification: Session #2
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Calibration of SuperCDMS* Dark Matter Detectors
for Low-Mass WIMPs (student talk)

Friday, 16 February 2018 19:45 (15 minutes)

Observational evidence indicates that ∼85% of all mass in the universe takes the form of non-
baryonic dark matter.
The Super Cryogenic Dark Matter Search (SuperCDMS) is a direct-detection dark matter experi-
ment that searches primarily for a plausible dark matter candidate known as the weakly-interacting
massive particle (WIMP). The experiment looks for an excess of nuclear recoil events in cryo-
genic solid-state detectors that could be attributed to WIMP-nucleon collisions. The most recent
SuperCDMS run at the Soudan underground laboratory set a world-leading limit on the spin-
independent WIMP-nucleon cross section for a WIMP mass as low as ∼2 GeV/c2, and the next
installation of the experiment at SNOLAB aims to be sensitive to WIMP masses below 1 GeV/c2. To
better understand the response of solid-state Ge detectors to low-mass WIMPs, “photo-neutron”
calibration data was taken at the Soudan laboratory by passing quasi-monoenergetic neutrons
through SuperCDMS detectors. The observed nuclear recoil spectra will be compared with Geant4-
simulated spectra to calibrate the nuclear recoil energy scale of the detectors. We expect to produce
two or more calibration points in the approximate nuclear recoil energy range of 1 keV to 8 keV.
Ionization yield results for Ge are to be extracted at the calibration points and compared with
predictions from the Lindhard ionization yield model. The ongoing analysis of this energy scale
calibration data will be presented.

*Danika MacDonell, representing the SuperCDMS Collaboration

Primary author: Ms MACDONELL, Danika (University of British Columbia)

Presenter: Ms MACDONELL, Danika (University of British Columbia)
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Contribution ID: 12 Type: not specified

Internal Conversion Electron Spectroscopy at
TRIUMF-ISAC [INVITED]

Friday, 16 February 2018 09:00 (30 minutes)

Internal conversion electron (ICE) spectroscopy is a key tool of nuclear structure research, particu-
larly for the study of elusive electric monopole (E0) transitions. Such spectroscopy is less common
than gamma-ray spectroscopy due to the technical challenges involved, however it provides cru-
cial insight few other techniques can.
The nuclear spectroscopy group at TRIUMF has two powerful detector arrays for studying com-
peting internal conversion electrons and gamma rays. The SPectrometer for Internal Conversion
Electrons (SPICE) is used with the TIGRESS HPGe array for studying nuclear structure in acceler-
ated heavy ion experiments. The Pentagonal Array of Conversion Electron Spectrometers (PACES)
is used with the GRIFFIN HPGe array for decay spectroscopy to study internal conversion electrons
following beta decay. In this talk I will explain the details of ICE spectroscopy and E0 transitions as
well as the equipment and techniques employed at TRIUMF. Results from recent studies of shape-
coexistence in 70Se with SPICE, beta-decay studies of 72Ge and neutron deficient Hg isotopes with
PACES and the development of electron-gamma angular correlation techniques with GRIFFIN will
be presented.

Primary author: Dr SMALLCOMBE, James (TRIUMF)

Co-authors: Dr GARNSWORTHY, Adam (TRIUMF); Dr HACKMAN, Greg (TRIUMF); Dr BOWRY,
Michael (TRIUMF)

Presenter: Dr SMALLCOMBE, James (TRIUMF)

Session Classification: Session #2
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Contribution ID: 13 Type: not specified

Rare Decays with Missing Energy at the Belle II
Detector (student talk)

Sunday, 18 February 2018 09:30 (15 minutes)

The Belle II detector is a competitive, perhaps unique, environment in which to study rareB decays
with missing energy to a sensitivity that would exhibit indirect New Physics effects. From a B-B̄
meson pair that has been produced in the SuperKEKB B-factory, one B meson can be can be fully
reconstructed through powerfulB-tagging, which in turn provides strong constraints for the other
B meson. This is an ideal environment in which rare decays with missing energy can be measured.
The possible missing energy decays will be examined with a focus on the decay B → τν, which -
with the full Belle II data set (50 ab−1) - can be probed at unprecedented precision.

Primary author: Ms WAKELING, Hannah (McGill University)

Presenter: Ms WAKELING, Hannah (McGill University)
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Contribution ID: 14 Type: not specified

First measurement of photon+b production cross
sections in pp collisions using the ATLAS detector

(student talk)
Saturday, 17 February 2018 10:15 (15 minutes)

The production of a photon in association with a bottom quark in proton collisions is sensitive
to the bottom quark content of the proton and to the modelling of b quarks in perturbative QCD
calculations. A firm understanding of these aspects is required to properly describe background
contributions to new physics interactions at high energies involving b quarks. Differential cross
sections of this process in proton-proton collisions at sqrt(s)=8 TeV are measured with the ATLAS
detector. The cross sections are differential in the photon transverse energy and are measured
separately in two regions of absolute photon pseudorapidity. The total relative uncertainty in the
measurements is of the order of 20% in most of the energy range. Ratios of the cross sections
between the two regions are also measured as a way to reduce correlated systematic uncertainties.
The measurements are compared to next-to-leading order predictions in perturbative QCD in two
different calculation schemes. The predictions underestimate the data at the highest energies mea-
sured by up to a factor of two. These cross-section measurements mark the first time this process
is measured in proton-proton collisions [Phys. Lett. B 776 (2018) 295].

Primary author: Mr PRINCE, Sebastien (McGill University)

Presenter: Mr PRINCE, Sebastien (McGill University)

Session Classification: Session #4
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ACTAR TPC: a novel detection system for nuclear
physics experiments [INVITED]

Thursday, 15 February 2018 19:15 (30 minutes)

The Active Target and Time Projection Chamber (ACTAR TPC) is an ambitious European project
whose goal is to design and construct a high-luminosity gas-filled detector to study reactions and
decays of rare isotopes. The core detection system consists of a micro-pattern gaseous detector
coupled to a highly pixelated pad plane with a pitch of only 2x2 mm2. Both the channel density
(25 channels/cm2) and total number of channels (16384) are the highest that have been achieved by
any nuclear physics detector to date. In this talk, I will provide an overview of the project, present
new results from a recent commissioning experiment and describe the day one physics programs
for ACTAR TPC when it goes online at the GANIL laboratory in France in 2018.

Primary author: Dr GRINYER, Geoffrey Fathom (University of Regina)

Presenter: Dr GRINYER, Geoffrey Fathom (University of Regina)
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Search for resonant WZ→lvl’l’ Production in
Proton-Proton Collisions at

√
s = 13TeV with the

ATLAS Detector (student talk)
Saturday, 17 February 2018 10:00 (15 minutes)

After the discovery of the Higgs boson at the LHC, it is important to test whether the Standard
Model could be only an effective theory, and whether the Higgs sector could be extended to include
theories with higher isospin multiplicity. This talk reports on a search for charged resonances
produced by vector boson fusion and decaying via WZ→lvl’l’, based on proton-proton collision
data collected by the ATLAS experiment at the Large Hadron Collider at a centre-of-mass energy
of 13 TeV and corresponding to an integrated luminosity of 36 fb−1. Two kinds of resonances,
either a heavy vector particle or a singly-charged Higgs of the Georgi-Machacek (GM) are tested.

Primary author: Mr FREUND, Benjamin (Université de Montreal)

Presenter: Mr FREUND, Benjamin (Université de Montreal)

Session Classification: Session #4
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Sensitivity study of a search for a charged scalar
particle in

√
s = 14 TeV pp collisions (student talk)

Saturday, 17 February 2018 11:30 (15 minutes)

Many models that extend the Standard Model Higgs sector predict the existence of at least one
charged Higgs boson, in addition to the neutral Higgs boson expected from the Standard Model.
While searches have been performed, a charged Higgs boson has not yet been observed. Using
physics and detector simulations, the sensitivity of a search for a charged Higgs boson at the
forthcoming High Luminosity LHC is being studied. Focusing on the process pp → H+H− →
(W+γ)(W−γ) → (jjγ)(jjγ) with a charged Higgs mass greater than 100 GeV, expected upper
limits on the production cross-section times branching ratio of this process, σ(pp → H+H−) ×
BR(H → Wγ)2, are calculated.

Primary author: Mr HADDAD, Kays (McGill University)

Presenter: Mr HADDAD, Kays (McGill University)

Session Classification: Session #4
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Contribution ID: 18 Type: not specified

Beta-SRF - A New Facility to Characterize SRF
Materials near Fundamental Limits (student talk)

Thursday, 15 February 2018 19:45 (15 minutes)

CW high-power LINACs require SRF cavities operating at the frontier of high accelerating gradient
and low RF power dissipation, i.e. high quality factor (Q0). This requirement poses a challenge for
standard surface treatment recipes of SRF cavities and new treatments including doping and lay-
ered structures are being developed and proposed. Understanding the fundamental mechanisms
behind the success of Nb doping and the potential for new materials and layered structures to
push beyond Nb is key for advancing the SRF field. At the TRIUMF beta NMR facility, a unique
experimental apparatus, beta-SRF, is currently being developed to address these issues. This facil-
ity will enable studies of the local surface magnetic field through the London Penetration Depth
(several nm) via -decay detection of a low-energy radioactive ion-beam. This will allow depth-
resolution and layer-by-layer measurement of magnetic field shielding effectiveness of doped ma-
terials, dirty/clean layers, coatings and new layered SRF materials at high-parallel field (up to 200
mT). Design and current development of this facility will be presented here, as well as measure-
ment strategies for new SRF materials.

Primary author: Mr THOENG, Edward (TRIUMF)

Co-authors: Mr CHEN, Arthur (UBC); Mr MATHESON, Ben (TRIUMF); Dr MORRIS, Gerald (TRI-
UMF); Mr MULLER, Norman (TRIUMF); Prof. LAXDAL, Robert E. (TRIUMF/University of Victoria); Dr
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Quasi-free Proton Knockout Reactions on the
Oxygen Isotopic Chain

Sunday, 18 February 2018 10:45 (15 minutes)

According to the Independent Particle Model (IPM) single-particle (SP) states are fully occupied
up to the Fermi energy with spectroscopic factors (SF) of one. However, it is well known from
electron-induced proton knockout that the SP strength is reduced to about 60-70% for stable nuclei,
which has been attributed to the presence of short-range and long-range correlations [1]. This
finding has been confirmed by nuclear knockout reactions using stable and exotic beams, however,
with a strong dependency on the proton-neutron asymmetry [2]. The observed strong reduction
of SP cross sections for the deeply bound valence nucleons in asymmetric nuclei is theoretically
not understood. To understand this dependency quantitatively a complementary approach, quasi-
free knockout reactions, is introduced. Quasi-free knockout reactions in inverse kinematics at
relativistic energies provide a direct way to investigate SP structure of stable and exotic nuclei [3].

We have performed a systematic study of spectroscopic strength of oxygen isotopes using quasi-
free (p,2p) knockout reactions in complete kinematics at the R3B/LAND setup at GSI with sec-
ondary beams containing 13−24O. The oxygen isotopic chain covers a large variation of separation
energies, which allow a systematic study of SF with respect to neutron-proton asymmetry. We
will present results on the (p,2p) cross sections for the entire oxygen isotopic chain obtained from
a single experiment. By comparison with the Eikonal reaction theory [4] the SF and reduction
factors as a function of separation energy have been extracted and will be compared to exist-
ing data in literature. The results include total and partial cross sections extracted by means of
gamma-coincidence measurements as well as momentum distributions. The latter are sensitive to
the angular momentum of the knocked-out nucleon in the projectile.

Finally, a brief report will be given on a pioneer experiment performed at RIKEN where the quasi-
free (p,2p)-fission reaction was employed for the first time on 238U as a benchmark test for future
applications to determine fission barriers of neutron-rich exotic nuclei near 208Pb and 214Bi.

This work is supported by the GSI-TU Darmstadt cooperation agreement and the BMBF Verbund-
forschung under contract 05P15RDFN1.

[1] L. Lapikas Nucl. Phys. A553, 297c (1993)
[2] J. A. Tostevin, A. Gade Phys. Rev. C 90, 057602 (2014)
[3] V. Panin et al. Phys. Letters B 753, 204-210 (2016)
[4] T. Aumann, C. Bertulani, J. Ryckebusch Phsy. Rev. C 88, 064610 (2013)
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A Cryogenic Underground TEst facility (CUTE) for
SuperCDMS (student talk)

Thursday, 15 February 2018 20:45 (15 minutes)

Many astronomical and cosmological observations have led to the conclusion that approximately
85% of the mass content of the universe is composed of non-baryonic dark matter that interacts
weakly with ordinary matter. The Super Cryogenic Dark Matter Search (SuperCDMS) experiment
operates cryogenic semiconductor detectors to observe rare signals produced by dark matter parti-
cles colliding in the detector. Prior to the full deployment of SuperCDMS SNOLAB, the Cryogenic
Underground TEst facility (CUTE) will provide a low background setting in SNOLAB for Super-
CDMS to test and characterize detectors, study the internal and environmental backgrounds, and
potentially obtain early dark matter search data.

Primary author: Mr GERMOND, Richard (Queens University)
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Improving the Optics and Fiducial Volume of the
PICO Bubble Chamber Dark Matter Detector

(student talk)
Friday, 16 February 2018 21:00 (15 minutes)

PICO is an ongoing experiment at SNOLAB, the underground laboratory at Vale’s Creighton mine
near Sudbury, Ontario. The purpose of PICO is to detect dark matter in the form of Weakly Inter-
acting Massive Particles using superheated C3F8 in which bubbles form when sufficient energy is
added in the form of a nuclear recoil. The active fluid is contained in a quartz jar within a larger
pressure vessel filled with mineral oil. Cameras at the pressure vessel viewports are used for op-
tical triggering. LED rings positioned around the cameras illuminate the pressure vessel and a
retroreflector ensures adequate light returns to the cameras. PICO-60, the previous phase of the
experiment, used bellows above a water interface to control the pressure of the active fluid. At the
water interface and around the edges of the chamber, many background events were observed, lim-
iting the fiducial volume of the detector. Poor optics due to the retroreflector geometry similarly
limited the fiducial volume, in addition to the optical triggering efficiency. In PICO-40L, the next
phase of the experiment, the collaboration aims to improve many of these issues by using a new
retroreflector design. To this end, ray tracing was used to produce simulated images for a variety
of retroreflector designs, and it was found that successive cone stages above the detection chamber
resulted in the most uniform light intensity at the cameras. Experiments to measure the reflected
light intensity with respect to the incident angle for various retroreflective materials showed that
3M 3290 retroreflective sheeting produced the highest image quality in the conditions under which
PICO-40L will operate. A new retroreflector design based on these findings will be implemented
in PICO-40L in mid-February. Once PICO-40L is operational, the new retroreflector design will
serve as a proof-of-concept for PICO-500, the planned tonne-scale detector.

Primary author: HARDY, Clarke (Queen’s University)
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Quasi-Elastic Neutrino Reactions on Carbon and
Lead Nuclei

Saturday, 17 February 2018 20:15 (15 minutes)

We examine neutral-current quasi-elastic neutrino-nucleus reactions on 12C and 208Pb targets. We
use the relativistic mean field theory approach to describe the nuclear dynamics. We compute the
cross sections for the scattering of 150-MeV, 500-MeV and 1000-MeV neutrinos on a 12C target and
study the effect of the strange-quark content of the nucleon which appears in these reactions via
the isoscalar weak current. We compare our results with the data of the MiniBooNE experiment
for mineral oil (CH2). We also calculate the cross section for the quasi-elastic neutron knockout
reaction of 20 to 60-MeV neutrinos on a 208Pb target which is relevant to plans to use Lead as a
target material in future supernova neutrino detectors.

Primary author: Dr HEDAYATIPOUR, Mohammad (University of Alberta)
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PICO-40L Calibration Simulation and Analysis
Techniques using Machine Learning (student talk)

Friday, 16 February 2018 21:30 (15 minutes)

PICO is a dark matter experiment using superheated liquid to detect particle interactions. PICO-
40L is a detector with a novel design of a Right-Side-Up chamber, placed inside a large pressure
vessel, immersed in a water tank. Radioactive source calibrations are essential to identify back-
ground events. In the presentation, I will show the results from detector simulations for PICO-40L
radioactive source calibration. I will also summarize the progress that has been made in the de-
velopment of analysis strategies to identify different radioactive sources using machine learning
techniques.

Primary author: Ms CAO, Gevy (Queen’s University)
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Design of a Multiple-Reflection Time-of-Flight
Mass-Spectrometer for Barium-tagging with nEXO

(student talk)
Thursday, 15 February 2018 21:00 (15 minutes)

The search for neutrinoless double beta decay requires increasingly advanced methods of back-
ground reduction. A bold strategy of solving this problem, in experiments using Xenon, is to
extract the daughter Barium ion produced by double beta decay from the experiment vessel. The
ion is then identified, which when combined with the corresponding energy deposit in the de-
tector, allows for a virtually background free verification of the neutrinoless double beta decay
signal. This is the process of Barium-tagging, in which the Multiple-Reflection Time-of-Flight
Mass-Spectrometer (MR TOF) will perform systematic studies of the ion extraction technique, as
well as provide further identification of the Barium ion. The MR TOF has been adapted such that
it has a quickly adjustable mass-range and resolution. Simulations show that the mass-resolving
power reaches a maximum of approximately 70000.

Primary author: Mr MURRAY, Kevin (McGill)
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The NEWS-G Direct Dark Matter Search Experiment:
First Results and Outlook (student talk)

Friday, 16 February 2018 19:30 (15 minutes)

The NEWS-G direct dark matter search experiment employs spherical proportional counters (SPCs)
with light noble gases as target media to search for low-mass WIMPs. We report on the results of
a 42 kg.day physics run with a 60 cm diameter SPC and a neon target, operated at the Laboratoire
Souterrain de Modane. World leading constraints on the spin-independent WIMP-nucleon scatter-
ing cross section have been established at a mass of 0.5 GeV. Outlook for the next iteration of the
experiment will also be presented; a 140 cm diameter SPC to be operated at the underground SNO-
LAB facility in Sudbury, Ontario. It will take advantage of neon and lighter targets such as helium
and hydrogen, as well as improved shielding and radiopure construction materials, to improve
sensitivity to low-mass WIMPs.

Primary author: Mr DURNFORD, Daniel (Queen’s University)
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Measurement of Z bosons produced in association
with jets via vector boson fusion at 13 TeV with the

ATLAS detector (student talk)
Saturday, 17 February 2018 09:45 (15 minutes)

At the large hadron collider, most Z bosons are produced in a qqZ vertex, sometimes in association
with jets produced via the strong interaction. A more rare production mode for Z bosons is through
a triple gauge coupling via a process called vector boson fusion (VBF). This VBF Z process is similar
in nature to VBF Higgs production, which is of great interest and is being studied by large groups
of physicists on the ATLAS and CMS experiments. VBF Z production is interesting in its own right
as a probe for new physics via the triple gauge coupling. Measurements of the cross section and
kinematic distributions of VBF Z production can also be used to constrain new physics scenarios,
such as fits to an effective field theory extension of the Standard Model Lagrangian. An analysis
of the standard model VBF Z process is ongoing, the general structure of the analysis will be
discussed along with details of the systematic variations and pileup contamination of the Monte
Carlo (MC) simulation. The VBF signal is measured by extrapolating between carefully chosen
regions of phase space to best model signal and background distributions. Understanding the MC
simulation is crucial to making an accurate final measure of the VBF Z cross section.

Primary author: Mr WEBER, Stephen (Carleton University)
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Prospects for rare neutrino physics at the intensity
frontier (student talk)

Saturday, 17 February 2018 20:00 (15 minutes)

Upcoming and ongoing neutrino experiments at the intensity frontier offer an unprecedented com-
bination of high luminosity neutrino beams and state of the art detector technology. These include
Fermilab’s Short Baseline Neutrino Program (SBN) and Deep Underground Neutrino Experiment
(DUNE), and CERN’s Search for Hidden Particles (SHiP). The powerful combination of large sig-
nals and high quality detectors allows for the observation and discrimination of previously unseen
neutrino physics, both within and beyond the Standard Model. In this talk I will focus on two
signals: oppositely charged pairs of leptons, and single photons. In the case of charged leptons,
I will describe how new detector technology enables the observation of, as of yet, unobserved
Standard Model physics arising from neutrino trident production. I will then explain how these
processes allow for the study of new particles beyond the Standard Model. Next I will explain how
single photons can arise from beyond the Standard Model heavy neutral leptons, and present a
phenomenological survey of a minimal model.

Primary authors: Mr MAGILL, Gabriel (Perimeter Institute and McMaster University); Dr POSPELOV,
Maxim (Perimeter Institute and University of Victoria); Mr PLESTID, Ryan (McMaster University and
Perimeter Institute); Mr TSAI, Yu-Dai (Cornell University and Perimeter Institute)
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Status of the SNO+ Experiment

The SNO+ experiment, at SNOLAB, in Sudbury, Ontario, is a multipurpose neutrino detector. It will
use 780 tons of liquid scintillator loaded with 1.3 tons of 130Te (0.5% by mass) for a low-background
and high-isotope-mass search for neutrino-less double beta decay. Currently the detector is filled
with ultrapure water and conducting a search for nucleon decay and reactor antineutrinos. SNO+
uses the acrylic vessel and PMT array of the SNO detector with several experimental upgrades and
necessary adaptations to fill with liquid scintillator. The SNO+ technique can be scaled up with
a future high loading Phase II, able to probe to the bottom of the inverted hierarchy parameter
space for effective Majorana mass. Low backgrounds and a low energy threshold allow SNO+ to
also have other physics topics in its program, including geo- and reactor neutrinos, supernova and
solar neutrinos. This talk will describe the SNO+ approach for the double-beta decay program, the
current status of the experiment and its sensitivity prospects.

Summary

This talk will describe the SNO+ approach for the double-beta decay program, the current status
of the experiment and its sensitivity prospects.

Primary author: Dr CADEN, Erica (SNOLAB)
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Scale Factors for the ATLAS Muon Triggers (student
talk)

Saturday, 17 February 2018 10:45 (15 minutes)

Triggers are essential for data-taking in the high-rate environment of the ATLAS experiment at
the Large Hadron Collider (LHC), where they make decisions at multiple stages about whether
to flag a physics event. What is not flagged by the trigger is simply not recorded by ATLAS and
not subject to further analysis. The trigger efficiency gives the fraction of events of interest that a
trigger successfully catches and is an important measure of the trigger performance. Taking the
ratio of trigger efficiency in data and Monte Carlo (MC) gives scale factors that are used by physics
analyses to adjust MC predictions to match the data. For the ATLAS muon triggers, one of the
biggest sources of systematic uncertainty in scale factors is their dependence on muon transverse
momentum (pT). This talk presents an overview of the method of scale factor derivation for mid-pT
(25-100 GeV) muon triggers using Z->dimuon samples, and presents a study of the pT dependence
of the scale factors.

Primary author: HAYES, Robin (UBC/TRIUMF)
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Determination of jet energy resolution in
proton-proton collisions of the ATLAS detector

(student talk)
Saturday, 17 February 2018 09:30 (15 minutes)

The ATLAS detector at the Large Hadron Collider records high energy proton-proton collisions.
These collisions can be used to test the Standard Model of particle physics that explain fundamen-
tal interactions of the universe. In these collisions, collimated sprays of hadronic particles, known
as jets, are dominant final state object produced. They are key ingredients for most physics mea-
surements and searches for new phenomena. Thus, an accurate understanding of the detector’
s jet energy measurements is an essential component of virtually every physics analysis in the
experiment.

I will present ongoing work to determine the jet energy resolution of the ATLAS detector using
data collected from 2015 to 2017.

Primary author: Mr PARK, Tae Hyoun (Carleton University)
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Search for New Physics in Beryllium
Friday, 16 February 2018 10:15 (15 minutes)

Nuclear transitions provide a means to probe light, weakly-coupled new physics and portals into
the dark sector. Particularly promising are those transitions that can be accessed through excited
nuclear states that are resonantly produced, providing a high-statistics laboratory to search for
MeV-scale new physics. In this talk we will review the so-called 8Be - anomaly, which is a 6.8
σ discrepancy reported by the ATOMKI group in the observation of the decays of excited 8Be -
nuclei to their ground state via internal e+- e- pair creation. The anomaly can be explained by
the emission of a neutral boson with a mass of 17 MeV. We discuss the ATOMKI experiment and
present ideas about a possible follow-up experiment to confirm these results.

Primary author: Prof. ZACEK, Viktor (University of Montreal)
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PICO-40, an important step towards a ton-scale
spin-dependent dark matter search experiment at

SNOLAB
Friday, 16 February 2018 21:15 (15 minutes)

The PICO collaboration is one of the leaders in the field of dark matter searches. As of today, it has
built several bubble chambers of increasing active mass and sensitivity, with PICO-60 being the
largest of the series to date, containing 40 L of superheated C3F8. Despite the great success of PICO-
60, some important design changes are needed in order to realize the next generation PICO-500 (500
L) experiment. In fact, the presence of dust in combination with the buffer fluid prevent us from
scaling the current version. To test these modifications and improvements, an intermediate scale
detector PICO-40 (40 L) is under construction. In this presentation, I will discuss some limitations
of the PICO-60 technology and explain how to circumvent them with the so-called “right-side up”
design of PICO-40. I will present an overview of the various systems and the current status of the
detector fabrication, which should lead to the operation of the detector this spring. Finally, future
plans for PICO-500 will also be presented.

Primary author: Mr LAURIN, Mathieu (Université de Montréal)
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SNO+ Calibration Systems (student talk)
Thursday, 15 February 2018 20:00 (15 minutes)

The SNO+ experiment is a versatile multipurpose neutrino detector situated at SNOLAB. Though
concentrated on the search for neutrinoless double beta decay in 130Te, SNO+ is also capable of a
vast array of physics goals including the observation of geoneutrinos, reactor antineutrinos, super-
nova neutrinos, and other exotic physics such as axion-like particles and invisible nucleon decay.
Low background detectors for rare event physics such as the SNO+ detector require extensive
calibration systems.

The calibration hardware is designed to match the purity requirements of SNO+, be compatible
with the liquid scintillator to be filled in SNO+, and be able to move sources in multiple orthogoal
planes within the detector. As the detector is now fully operating in its first phase, extensive cali-
brations have been performed using optical and radioactive sources deployed within the detector.
These calibrations are used to determine the PMT response, optical properties of the detector, the
energy scale, energy resolution, linearity of response, detector asymmetries, and reconstruction
efficiencies.

Primary author: Mr TAM, Benjamin (Queen’s University)
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Decay Spectroscopy of Neutron-Rich Cd Around the
N = 82 Shell Closure (student talk)

Friday, 16 February 2018 11:00 (15 minutes)

The neutron-rich Cadmium isotopes around the well-known magic numbers at Z = 50 and
N = 82 are prime candidates to study the evolving shell structure observed in exotic nuclei. Ad-
ditionally, the extra binding energy observed around the nearby doubly-magic 132Sn has direct
correlations in astrophysical models, leading to the second r-process abundance peak at A ≈ 130
and the corresponding waiting-point nuclei around N = 82. The β-decay of the N = 82 isotope
130Cd into 130In was first studied a decade ago [1], but the information for states of the lighter
indium isotope (128In) is still limited. Detailed βγ-spectroscopy of 128Cd was accomplished using
the GRIFFIN [2] facility at TRIUMF, which is capable of performing spectroscopy down to rates of
0.1 pps.

The ongoing analysis of the 128,131,132Cd will be presented. Already in
128Cd, 23 new transitions and 15 new states have been observed in addition to the 4 previously
observed excited states [3]. These new results are compared with recent Shell Model calculations.
For 131Cd, results will be compared with the recent EURICA data. These data highlight the unique
capabilities of GRIFFIN for decay spectroscopy on the most exotic, short-lived isotopes, and the
necessity to re-investigate even “well-known” decay schemes for missing transitions.

[1] I. Dillmann et al., Phys. Rev. Let. 91, 162503 (2003)

[2] C.E. Svensson and A.B. Garnsworthy, Hyperfine Int. 225, 127 (2014)

[3] B. Fogelberg, Proc. Intern. Conf. Nuclear Data for Science and Technology, Mito, Japan, p.837
(1988)
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Characterizing LaBr3(Ce) Detector Response for
Proton Therapy Applications (student talk)

Sunday, 18 February 2018 11:00 (15 minutes)

In ion beam radiation therapy, charged particles are used to irradiate tumor cells for various malig-
nant diseases, such as cancer. Charged particles deposit most their energy at the end of their range,
producing a more sophisticated radiation profile while imparting a minimal dose to healthy tissue
compared to standard photon-based radiation treatment. However, new complications emerge
with ion beam therapy from the uncertainty in the stopping powers and overall range, making the
dose verification for this technique rather difficult.

If a certain isotope is delivered to the tumor, one could take advantage of the fusion-evaporation
reactions between the ion beam and the isotope to reproduce the dose distribution administered to
the patient. The well-understood mechanisms of fusion-evaporation reactions have been a work-
horse in nuclear structure experiments for many decades, and can be applied to medical physics
applications. With this experimental technique, the location of the beam in the patient and the dose
distribution can be monitored online (during the treatment) instead of offline (post-treatment).

Cerium-doped Lanthanum Bromide (LaBr3(Ce)) scintillators, which are typically used for elec-
tronic timing measurements in nuclear physics experiments, are also excellent candidates for mea-
suring ion beam therapy reaction products due to their reasonable energy resolution and radiation
hardness. A fast digitizer, such as the CAEN DPP-PSD, is also ideal for ion beam therapy appli-
cations as it can accept high count rates and allows to integrate the DAQ logic in a compact and
cost-efficient way. The primary focus of this work will be to implement this setup at the proton
therapy facility at TRIUMF, Canada’s national laboratory for nuclear and particle physics, which is
dedicated to treating eye melanomas. There are a number of applications in nuclear structure and
nuclear astrophysics research for an auxiliary LaBr3(Ce) detector array coupled to fast-sampling
digitizers at TRIUMF, such as fast-timing measurements with TIGRESS at ISAC-II and GRIFFIN
and DRAGON at ISAC-I.

Preliminary results will be shown, characterizing timing and energy resolution of LaBr3(Ce) detec-
tors in high-rate applications for both fundamental nuclear structure research and medical physics
applications.

Primary authors: BURBADGE, Christina (University of Guelph); MUECHER, Dennis (University
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Investigating the performance of a Low Energy
Germanium (LEGe) detector in a strong 5.5 T

magnetic field (student talk)

In certain cases of nuclear gamma-ray and x-ray spectroscopy, it is desirable to operate high resolu-
tion germanium semiconductor detectors in a strong magnetic field. Operation of these detectors
in strong magnetic fields has been shown to affect the charge collection process and lead to a loss
in detector resolution. This is exhibited in skewing, broadening and shifting of peaks in the pho-
ton spectrum. However, the phenomena that contribute to the loss in performance depend heavily
upon detector crystal characteristics and are not well studied in very strong (up to 5.5 T) magnetic
fields. We present an ongoing investigation into the performance of a Canberra LEGe detector be-
ing operated in the TITAN Electron Beam Ion Trap (EBIT) at TRIUMF. The goal of this work is to
determine if the effects are primarily due to a loss in detection efficiency or to an interplay between
charge collection and shaping electronics. In the former case, we would not be able to recover the
lost resolution, but in the latter case we hope to apply a correction method to recover some of the
lost resolution. In the course of performing this systematic study, we are analyzing the transfer
functions of our electronics using curve fitting in conjunction with finite element simulations of
signal generation in the detector crystal.
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Direct measurement of resonances in ⁷Be(α,γ)¹¹C
with DRAGON

Nucleosynthesis of the p-nuclei is one of the remaining unsolved puzzles in nuclear astrophysics.
One possible mechanism for production of p-nuclei is the nu;p-process, which is thought to occur
in the ejecta of core-collapse supernovae. A recent study found that the <em>p-p</em> chain
breakout reaction <sup>7</sup>Be<em>(alpha;,gamma;)</em><sup>11</sup>C significantly in-
fluences nuclear flow in the <em>nu;p</em>-process. However, the <sup>7</sup>Be<em>(alpha;,gamma;)</em><sup>11</sup>C
reaction rate is poorly known over the temperature range of interest (T = 1.5 − 3 GK). In this
temperature range, the astrophysical reaction rate is dominated by resonant capture to states in
<sup>11</sup>C within the Gamow window, three of which have unknown resonance strengths.
A new direct measurement of <sup>7</sup>Be<em>(alpha;,gamma;)</em><sup>11</sup>C was
performed at TRIUMF’s DRAGON recoil separator in order to measure the strengths and energies
of these resonances. Experimental methods and preliminary results will be discussed.

Primary authors: Mr PSALTIS, Athanasios (McMaster University); Dr CONNOLLY, Devin (TRI-
UMF)
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(TRIUMF); Mr GIRI, Rekam (Ohio University); Mr PANERU, Som N. (Ohio University); Prof. GREIFE,
Uwe (Colorado School of Mines); Mr HUANG, William (University of Northern British Columbia)
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Dark Matter Search Results of the PICO experiment
in the Effective Field Theory Context (student talk)

Friday, 16 February 2018 20:15 (15 minutes)

Dark matter direct detection experiments have been traditionally reporting their results in terms
of limits on the spin-independent and spin-dependent cross sections. However, these two types of
interactions are only a subset of possible interactions between WIMPs and nucleons. The full set
of couplings can be derived in the effective field theory (EFT) framework. In this approach “new”
interactions depend on nuclear properties such as the orbital angular momentum and spin-orbit
interactions. The focal point of the talk will be the interpretation of limits set by the PICO exper-
iment in this theoretical context and the complementarity of different dark matter experiments.

Primary author: Mr PLANTE, Arthur (Université de Montréal)
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Decay Spectroscopy of Neutron-rich 129Cd with
GRIFFIN Spectrometer (student talk)

Friday, 16 February 2018 10:45 (15 minutes)

Nuclei around doubly magic 132Sn are of particular interest in terms of nuclear structure as well
as nuclear astrophysics. The properties of these nuclei provide important input parameters for
the astrophysical r-process (rapid neutron-capture process) since they play a role as waiting-point
nuclei and their shell structure and half-lives affect the shape of the second r-abundance peak at
A∼130. From the perspective of nuclear structure, the evolution of single-particle levels near shell
closures is ideal for testing the current nuclear models far from stability.

There has been two decay spectroscopies on 129Cd, however, the level schemes of 129In obtained
from each measurement have large discrepancy [1,2]. Also, most of the spin assignments of the
excited states of 129In remain unclear. Therefore, to solve this discrepancy of level schemes and
determine the properties of the energy states with high precision are the main purpose of this
study.

This experiment was performed at TRIUMF, Canada. New data of the decay of 129Cd was col-
lected with the high-purity germanium detector array GRIFFIN (Gamma-Ray Infrastructure For
Fundamental Investigations of Nuclei), along with the auxiliary β-particle detector SCEPTAR, for
about 13 hours with the beam intensity of ∼250 pps. This high statistics of the data and the high
sensitivity of the detectors enabled us to perform detailed and precise spectroscopy, including
β-γ-γ coincidence analysis and angular correlation analysis, which are essential for building the
level scheme and assignment of the spins of each level. The new results from ongoing analysis,
including 6 new excited states and 22 new transitions will be reported.

[1] J. Taprogge et al., Phys. Rev. C 91, 054324 (2015).

[2] O. Arndt et al., Acta Physica Polonica B 40, 3 (2009).

[3] R. Dunlop et al., Phys. Rev. C 93, 062801(R) (2016).
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Electrical Isolation of ITk Strip Sensors (student talk)
Thursday, 15 February 2018 21:45 (15 minutes)

Recording proton-proton collisions at the LHC requires cutting-edge detectors, custom- made for
high energy physics applications. A new Inner Tracker (ITk) will be built for the ATLAS exper-
iment to be able to resolve approximately 200 proton collisions simultaneously during the high-
luminosity LHC phase. In order to minimize dead detector area, individual sensors need to be
placed as close as possible while avoiding high voltage discharges between them.
I will present a case study for the ITk strip detector investigating possible discharges between
bordering sensors. Current-voltage characteristics will be used to define a threshold voltage. This
threshold voltage can be graphed as a function of gap width to reproduce Paschen’s law and de-
termine whether gas discharges will be problematic for ITk. The influence of glue spills and other
contaminants in the inter-sensor gap will also be summarized.
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Optimization studies for the upgraded readout
electronics of the ATLAS liquid argon calorimeter

(student talk)
Thursday, 15 February 2018 21:30 (15 minutes)

Multiple analog and digital signal processing techniques are simulated to optimize the energy re-
construction performance of the upgraded readout electronics of the liquid argon hadronic endcap
calorimeter in the ATLAS detector. The ATLAS detector is designed to record proton-proton col-
lisions at the Large Hadron Collider (LHC). The detector will be upgraded in 2024-25 alongside
the LHC’s accelerator chain to cope with a factor 7 increase in luminosity. In this high luminosity
environment, radiation will attain levels that the current detector readout electronics were not orig-
inally designed to sustain. The current readout electronics are also incompatible with the technical
requirements introduced by the planned upgrade of the experiment’s trigger system. Therefore,
a complete overhaul of the readout electronics for the ATLAS liquid argon calorimeter system is
required. In addition, the increased interaction rate will result in a degradation of the measured
detector energy resolution. A detailed simulation of the hadronic endcap calorimeter readout elec-
tronics under the expected high luminosity conditions is used to optimize the various parameters
of the analog and digital readout chain. The results of these optimization studies will be presented.
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Detecting fusion-evaporation reaction products from
contrast agents as a range verification technique in

proton therapy (student talk)
Sunday, 18 February 2018 11:15 (15 minutes)

Proton therapy is gaining popularity as a tumor irradiation method due to the superior dose dis-
tribution offered by heavy charged particles. The subject of range and dose verification has been
approached from several angles and fields.

Upon interaction with low-energy protons, certain nuclei undergo fusion-evaporation reactions.
The resulting reaction products emit a cascade of characteristic gamma rays as they decay to their
ground state. The product of these fusion-evaporation reactions is highly dependent on the energy
of the incident proton. This means that the relative intensity of the competing fusion-evaporation
channels can be correlated with the energy of the proton beam, and, by extension, its range. By
administering an appropriate contrast agent to the tumor being irradiated, we are able to measure
the intensity of characteristic prompt gamma rays resulting from fusion-evaporation reactions
occurring inside the tumour.

We propose to take advantage of the timing and energy resolutions of a fast scintillator detector to
measure beam range and dose administered in proton radiation therapy. Fast scintillator detectors
are used frequently in nuclear research due to their good timing resolution and reasonable energy
resolution, and have begun to make their way into the medical field.

Our Geant4 simulation results show that this technique would allow for accurate measurement of
beam range relative to the position of the tumour within the body, as well as dose administered
to the tumour. Additionally, the excited states resulting from the reactions of interest are very
short-lived and as such this measurement is taken while the beam is online. This is advantageous
because it allows for dose monitoring during the treatment as opposed to afterwards.

The presented approach combines the unique expertise at TRIUMF in the fields of both gamma ray
spectroscopy in nuclear physics research and proton therapy in order to strive towards improved
cancer radiation therapy.

Summary

Geant4 simulations of fusion-evaporation reactions between a contrast agent and a proton beam
show that we can accurately correlate the relative intensities of competing reaction channels to the
range of the proton beam relative to the position of the contrast agent. This technique is applicable
to range and dose verification in proton therapy.

Primary authors: Dr MUECHER, Dennis (University of Guelph, TRIUMF); Ms KASANDA, Eva
(University of Guelph)
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Current state of ATLAS’s New Small Wheel
simulation software and construction effort of the

small strip thin gap chambers (student talk)
Thursday, 15 February 2018 21:15 (15 minutes)

The ATLAS experiment is being improved in order to benefit from the increased performance pro-
vided by the next phase of CERN’s large hadron collider upgrade plan. The Small Wheel will be
replaced by the New Small Wheel, constructed from Micromega detectors and Small-strip Thin
Gap Chambers (sTGC). The current state of the sTGC simulation software responsible for replicat-
ing hardware response and track reconstruction will be presented. The assembly and testing of
sTGCs at Carleton University will also be introduced. The issues which arise when we attempt to
consolidate both the hardware construction and the software efforts will be discussed in order to
showcase some difficulties of building complex detectors.
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From T2K to Hyper-K: Status and Prospects for Long
Baseline Neutrino Physics in Japan [INVITED]

Sunday, 18 February 2018 09:00 (30 minutes)

The T2K experiment is a long baseline neutrino experiment in Japan that detects neutrino oscilla-
tions over a 295 km baseline with the Super-Kamiokande detector. In 2013 T2K showed evidence
for the oscillation of muon neutrinos into electron neutrinos. This measurement established the
possiblility of CP violation in neutrino oscillations. Currently the T2K and NOvA experiments are
operating with both neutrino and antineutrino beams to search for CP asymmetries in the oscil-
lation probabilities. The next generation of long baseline experiments, Hyper-K and DUNE, will
use even larger, more sensitive detectors to make searches for CP violation in neutrino oscillations
and precision measurements of the parameters governing oscillations. I will review the status of
the T2K experiment and discuss the prospects for the Hyper-K experiment. I also review impor-
tant steps for systematic error reduction to achieve the full physics sensitivity of next generation
neutrino oscillation experiments.
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Characterization of superheated fluids in PICO-0.1
bubble chamber for the search of Dark Matter

(student talk)
Friday, 16 February 2018 20:45 (15 minutes)

Search for direct detection of dark matter has become more and more precise, and it is essential to
understand perfectly how our detectors behave when interacting with ordinary matter, in order to
potentially see interactions with dark matter. In the case of the PICO experiment, the behaviour
of the superheated fluids used as active mass in the detectors is a key component of the search.

This talk will present my work on two freons used in the PICO-0.1 calibration bubble chamber,
and how we were able to detect proton recoils in this type of detector : first, I studied freon-r115
(C2ClF5) and the monoenergetic reaction ^35Cl (n_th, p) ^35S, producing a 17 keV ^35S recoil and
a 600 keV proton recoil, directly inside the detector; second, I studied freon-r134a (C2H2F4) and
the recoils of protons from collisions with fast neutrons.
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Decay Spectroscopy of 126Xe
Friday, 16 February 2018 09:45 (15 minutes)

The low-spin excited states in the non-yrast bands of Xe nuclei in A=120-130 mass zone exhibit
excitations built on both rotational and vibrational degrees of freedom.The precise branching ratio
measurements of the often weak transitions that connect these low-lying collective states and the
determination of theirB(E2) values play an important role in characterization of the excited states
with low and medium angular momenta. This information is also essential in determination of the
extent to which a certain dynamical symmetry is preserved or broken in the chain of even mass
xenon isotopes which lie below N = 82 closed shell and approach the mid-shell at N = 66 [1,2].

Of particular interest in this regard are the appearance of the low-energy excited 0+ states in even
mass 124−130Xe isotopes with a population cross section of approximately 30% to that of the ground
state [5]. In 124Xe the 0+2 and the 0+3 excited states have been investigated and their structure is
interpreted as proton-pairing vibrational states but for other stable even-even Xe isotopes in the
mass range A = 126− 130 this information is scarce [5].

The excited states in 126Xe have been studied in β+/EC decay spectroscopy of 126Cs using 8π
γ-ray
spectrometer located in ISAC-I facility at TRIUMF in the past. Currently there are 29 γ-transitions
that are reported in the Nuclear Data Sheet only by their energy and are not placed in the level
scheme. The high statistics 126Xe β+ decay experiment allowed careful examination of these tran-
sitions in order to place them in the level scheme and also the measurement of their corresponding
branching ratios.
Some of the highlights of the γ − γ coincidence and the angular correlation analyses presented
here include:

• The direct observation of the 326 Kev (2+5 → 0+3 ) in-band transition and determining the
absolute B(E2; 2+5 → 0+3 ) value for the first time.

• Determining the multipolarity and the mixing ratios of transitions de-exciting the level
energies at 2455 Kev, 2064 Kev and 1679 KeV in order to measure the E2 strength of mixed
transitions which are previously reported as the upper limits only.

The results presented here are preliminary as the coincidence and correlation analyses are cur-
rently under progress to assure that all observed new transitions are placed in the level scheme
correctly and hence the best precision is obtained for the measurement of branching ratios.

[1] L. Coquard et al., Phys. Rev. C, 044318 (2011).

[2] G. Rainovski et al., Phys. Lett. B, 11-16 (2010).

[3] W.P. Alford et al., Nucl. Phys. A, 339 (1979).

[4] K. Heyde et al., Rev. Mod. Phys. 1467 (2011).

[5] A.J. Radich et al., Phys. Rev. C, 044320 (2015).

[6] J. Katakura et al., Nuclear Data Sheets, Issues 3-4 p765-926 (2002).
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Material Studies for the Belle II experiment (student
talk)

Sunday, 18 February 2018 09:45 (15 minutes)

The Belle II experiment at the KEK laboratory is currently undergoing
commissioning, with first physics data anticipated in 2018.
Understanding the material distribution of detector components is of
critical importance for precision e+e- collider experiments like
Belle-II, as the density and distribution of this material impacts
tracking and vertex reconstruction, as well as other aspects of detector
performance. In the talk I will present a comparison of test beam
experiments using high resolution tracking telescopes to obtain precise
2D images silicon vertex detector modules with the detector model
implemented in the Belle-II simulation. I will also present detailed
studies of material profiles of other components of the Belle II
detector and compare these with the as-built detector
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Development of a new B-Physics trigger for the
ATLAS Detector at CERN (student talk)

Saturday, 17 February 2018 11:45 (15 minutes)

A novel B-Physics trigger for the ATLAS detector is being developed to enable lepton universality
studies by selecting B0 → K∗e+e− events and complementing the existing B0 → K∗µ+µ−

trigger. In the Standard Model, lepton universality refers to the fact that the electroweak couplings
of the leptons to the gauge bosons is independent of the lepton flavour. A particular sensitive
probe for studying lepton universality is by measuring the ratio (RK∗0 ) of the branching fractions
of B0 → K∗0µ+µ− and B0 → K∗0e+e− decay processes. The value of RK∗0 is expected to be
close to unity in the Standard Model. However, recent analyses have shown an intriguing deviation
from the expected value of RK∗0 . The development of the B0 → K∗e+e− trigger is critical to the
measurement of the ratio. Summary of ongoing work will be presented in the talk.
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The DEAP-3600 Muon Veto System (student talk)
Friday, 16 February 2018 20:00 (15 minutes)

DEAP-3600 is a single-phase liquid argon (LAr) dark matter detector located ∼2 km (∼6000 mwe)
underground at SNOLAB near Sudbury, Ontario. Recently, DEAP-3600 published results on 4.44
live-days of data in which a leading limit on the spin-independent interaction cross section for
100 GeV/c Weakly Interacting Massive Particles (WIMPs) on 40Ar was found. In order to achieve
maximum sensitivity to the rare nuclear recoils of argon nuclei from WIMP interactions, detector
systematics and backgrounds must be well known. One significant background in a WIMP dark
matter search is neutrons resulting from interactions of cosmic ray muons with the surrounding
rock and detector infrastructure. To mitigate this background, the DEAP-3600 detector is posi-
tioned at the center of a water Cerenkov veto tank which is viewed by 48 outward facing Hama-
matsu R1408 8” PMTs. Muons that pass through the tank will produce Cerenkov light which is
used to veto LAr events in a subsequent time window. The veto tank also serves to moderate
neutrons produced from muons that do not interact with the water. The veto PMTs require thor-
ough characterization such that the muon tagging efficiency can be both estimated and optimized.
This presentation will provide an overview of the veto hardware and preliminary characterization
analysis along with a crude estimate of the underground muon rate.
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Neutrino oscillation (student talk)
Saturday, 17 February 2018 19:45 (15 minutes)

Neutrino Oscillations In Quantum
Mechanics

Summary
Neutrino oscillation is one of the most exciting subjects in elementary particle
physics today. It was rst conrmed in 1998 by the Super-Kamiokande
group from their studies of atmospheric neutrinos. Experimental studies of
neutrino oscillation have been rapidly progressing since then, and a number
of oscillation results have been observed in atmospheric, solar, accelerator,
and reactor neutrinos. The implication of the existence of neutrino oscillation
is that neutrinos have nite masses and mixings, which are not accounted for
in the framework of the standard model of elementary particles. Therefore,
the standard model now must be extended to include the new information.
Because the neutrino masses are extremely small, it is considered to be unnatural
to be included in the standard model similar to the way quark and
charged lepton masses are. Therefore, the neutrino oscillation is believed to
provide an important new concept that will be a big step toward the unied
understanding of elementary particle physics. In this document, we present
studies for neutrino oscillation.

1. Neutrino oscillation Neutrino oscillation is a simple quantum mechanical phenomenon in
which neutrino changes avour as it propagates. In 1957, Pontecorvo gave the concept of neu-
trino oscillation based on a two-level quantum system. This hypothesis was nally conrmed
by the Super-Kamiokande experiment which presented signicant new data on the decit of
muon neutrinos produced in the Earth’s atmosphere . Neutrino oscillation can only happen
if the neutrinos are massive particle.

2. When the neutrino mass is measured We consider the neutrino oscillation in pion decay into
a neutrino and muon. Assume that by measuring energies and momenta of the pion and
muon involved in this decay with high precision in each event and we can determine the
energy E and momentum p of the emitted neutrino. If the momentum and energy of pion
and lepton are observable, the neutrino mass is measurable. But now we have a problem,
measuring the muon momentum with extreme precision would destroy the coherence and
oscillation of the components of the entangled state corresponding to dierent neutrino mass
eigenstates. This result is in accordance with Heisenberg’s Uncertainty Principle.

3. Coherence in neutrino oscillation

Since it is not possible to know which mass eigenstate was produced, neutrino
avour eigenstates , and are coherent super positions of mass
eigenstates . The coherence length is such a distance
between the neutrino source and detector at which mass eigenstates i and j are separated
by an interval comparable to the size of the wave packet when they arrive
at the detector is so large that they cannot be observed coherently. Plane
wave treatment cannot describe the coherence of massive neutrinos at a given
time and point, in the simple plane wave approach there is no indication of a
coherence length for neutrino oscillations.Coherence between mass eigenstate waves will occur if
the momentum dierence

April 28, 2024 Page 55



Winter Nuclear P … / Report of Contributions Neutrino oscillation (student talk)

between the dierent mass eigenstates with the same energy, is much smaller than momentum
uncertainty. Since neutrino oscilla
tion are a result of interference of amplitude corresponding to dierent mass
eigenstates, absence of their coherence means that no oscillation will will occur.

This means that for existence oscillation the momentum should not be
determined too precisely. The presence of the momentum or energy spread in
the neutrino beam is one of the oscillation existence condition.
The wave packet is a coherent
superposition of dierent waves whose momenta are distributed around the
most probable value, with a certain width or dispersion. Therefore, a wave
packet is localized in space-time as well as in energy-momentum space. A
wave packet treatment of neutrino oscillations is necessary in order to derive
the oscillation probability in a consistent quantum framework, which must
take into account the localization of the production and detection processes
and the associated momentum uncertainties.
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Determination of proton radii of neutron rich
oxygen isotopes from charge-changing cross section

measurements (student talk)
Sunday, 18 February 2018 10:00 (15 minutes)

Charge radius is an important bulk property of the nucleus for investigating nuclear structure.
The nuclei lying close to the boundaries of the nuclear chart (the drip lines) have revealed new
features like halo and skin. Another new phenomenon that has emerged in the neutron-rich region
is the changing or vanishing of magic numbers [1,2]. The knowledge of proton radii is crucial for
understanding the halo and skin formation and also the shell evolution in unstable nuclei. The
systematic study of proton radii along an isotope chain, together with knowledge of the matter
radii is important to deduce the neutron skin thickness in the neutron-rich nuclei. Furthermore,
the proton radii are crucial to understand the spatial correlation between halo neutrons and its core
nucleus. Proton radii also serve as a test of newly developed structure models including those based
on ab initio theory. Charge-changing cross section (σcc) is the total cross section for the change
of the atomic number of the projectile nucleus. It is a unique method to extract the proton radii of
neutron-rich nuclei using the Glauber model analysis. The proton radii of \textsuperscript{12-17}B
[3] and \textsuperscript{12-19}C [4] have been successfully determined using the charge-changing
cross section measurements. The neutron-rich oxygen isotopes are particularly interesting nuclei,
with a new magic number (N=16) at the neutron drip line [5]. The proton radii of neutron-rich
oxygen isotopes have not been measured till date. We, therefore, performed an experiment at
Fragment Separator (FRS) in Germany using relativistic beams of \textsuperscript{16-24}O with
energy around 900 MeV/u. In this talk, I will present the preliminary results of σcc measurements
of \textsuperscript{16-24}O.

References
[1] A. Ozawa et al., Phys. Rev. Lett. 84, 5493 (2000).
[2] R. Kanungo et al., Phys. Lett. B 528, 58 (2002).
[3] A. Estrade ́ et al., Phys. Rev. Let. 113, 132501 (2014).
[4] R. Kanungo et al. Phys. Rev. Lett. 117, 102501 (2016).
[5] C. R. Hoffman et al., Phys. Rev. Lett. 100, 152502 (2008).
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Search for production of supersymmetric particles in
final states with missing transverse momentum and
multiple b-jets in 2015-2016 LHC p-p collision data

with the ATLAS detector (student talk)
Saturday, 17 February 2018 11:00 (15 minutes)

Supersymmetry (SUSY), an hypothetical theory which associate new fundamental particles to each
Standard Model (SM) particle, is one of the most well-motivated SM extensions and could solve
some of its biggest outstanding problems. For example, if the lepton and baryon numbers are con-
served, the lightest supersymmetric particle is stable and interacts only weakly providing a viable
dark matter candidate. Moerover, if the supersymmetric partners of gluons and third generation
quarks have masses near the weak scale, the hierarchy problem could also be solved. A search for
supersymmetry involving the pair production of gluinos decaying via third-generation squarks to
the lightest neutralino, a dark matter candidate, is reported. It uses LHC proton–proton collision
data at a centre-of-mass energy of 13 TeV with an integrated luminosity of 36.1 fb−1 collected
with the ATLAS detector in 2015 and 2016. The search is performed in events containing large
missing transverse momentum and several energetic jets, at least three of which must be identi-
fied as originating from b-quarks. No excess is found above the predicted SM background. For
neutralino masses below approximately 300 GeV, gluino masses of less than 1.97 (1.92) TeV are
excluded at 95\% CL in simplified models involving the pair production of gluinos that decay via
top (bottom) squark. An interpretation of the limits in terms of the branching ratios of the gluinos
into third generation squarks is also provided. These results significantly extend the exclusion
limits obtained with the 3.2 fb−1 of data collected in 2015.

Primary author: GAGNON, Louis-Guillaume (Université de Montréal)
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Dark matter searches at SNOLAB [INVITED]
Friday, 16 February 2018 19:00 (30 minutes)

Understanding the nature of Dark Matter is the Holy Grail for many physicists. While the answer
to this fundamental question still eludes the scientific community, it could well result in unique
proof of physics beyond the Standard Model. Direct detection searches are currently the most
powerful way to solve this long lasting mystery.
Over the last decade, dark matter detection techniques have been improving drastically, pushing
the sensitivity to unprecedented levels. These great technical successes have brought new chal-
lenges. After giving an introduction of the evidences of dark matter, an overview of the diverse
experimental detection techniques at SNOLAB and their current status will be presented.

Primary author: Prof. PIRO, Marie-Cécile (University of Alberta)
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Welcome - Introduction
Thursday, 15 February 2018 19:00 (15 minutes)
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Closing remarks & Prizes
Sunday, 18 February 2018 11:30 (15 minutes)

Presenter: Prof. BELLERIVE, Alain (Carleton University)
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