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XLII RSPS — ROCHESTER SYMPOSIUM FOR PHYSICS, ASTRONOMY AND OPTICS STUDENTS
SPS ZONE 2 REGIONAL MEETING

PROGRAM

8:00 AM — 8:30 AM: REGISTRATION AND POSTER SETUP (B&L LOBBY)
8:30 AM: WELCOME: KELLY DOUGLASS, UNIVERSITY OF ROCHESTER (B&L 109)
9:00 AM —10:00 AM: SESSION IA. NUCLEAR AND PARTICLE PHYSICS (B&L 109)

SESSION CHAIR: PROF. MARK YULY, HOUGHTON UNIVERSITY

9:00 AM Design and Simulation of Strong-focusing Pole Tips
for the Houghton University Cyclotron
Andrew Hotchkiss, Houghton University

9:15 AM A Parity Violation Transmission Experiment for
Undergraduate Laboratories
Levi Kennel, Houghton University

9:30 AM The Effects of Radiation Escape on Accuracy and
Precision in Isotopic Composition Determination of
Uranium and Plutonium Samples with Decay Energy
Spectroscopy
Timothy Ockrin, Houghton University

9:00 AM —10:00 AM: SESSION IB. ASTRONOMY AND ASTROPHYSICS (B&L 106)

SESSION CHAIR: PROF. SHETH NYIBULE, UNIVERSITY OF ROCHESTER

9:00 AM Simulation-Based Optimization of IceCube-Gen2
Modules for Enhanced Sensitivity to Neutrinos from
Galactic Core-Collapse Supernovae
Waly M Z Karim, University of Rochester

9:15 AM SGA Galaxy Morphology Classifier
Julia Largett, University of Rochester

9:30 AM
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2:00 PM — 2:45 PM: SESSION IVA. INSTRUMENTAL / EXPERIMENTAL TECHNIQUES (B&L
109)

SESSION CHAIR: PROF. KRISTEN REPA, SUNY BROCKPORT

2:00 PM
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SESSION IA. NUCLEAR AND PARTICLE PHYSICS

Design and Simulation of Strong-focusing Pole Tips for the Houghton University
Cyclotron
Andrew Hotchkiss and Mark Yuly, Houghton University

The Houghton University cyclotron accelerates ions inside of a 17 cm inner diameter
evacuated aluminum chamber placed between the poles of a 1.2 T electromagnet. Two
hollow “dee” electrodes, one grounded and one oscillating between a positive and
negative potential, apply an electric force that with the magnetic field, accelerates the
ions. Previously, weak magnetic focusing, which requires the magnetic field to decrease
with larger radius, was used to force the ions back toward the central plane between
dees. For large numbers of orbits, however, this made the ions get out of phase with
the oscillating electric field. Strong focusing can fix this problem by creating a restoring
force while keeping the cyclotron frequency the same. Mathematica and Radia, a 3D
magnetic field modeling software package, were used to model the magnetic field of a
strong-focusing sector pole tip, then calculate resulting ion orbits. In simulations, the
original weak focusing pole tips allowed an ion orbit radius of 3.7 cm to be reached.
Using newly designed strong focusing pole tips a radius of 4.9 cm corresponding to 165
keV for protons was achieved. The maximum radius theoretically achievable is 7.2 cm
resulting in 360 keV of proton energy.

A Parity Violation Transmission Experiment for Undergraduate Laboratories
Levi Kennel and Mark Yuly, Houghton University

Because there are currently no published weak interaction parity violation experiments
specifically for undergraduate laboratories, a simple parity violation experiment is
being developed using circularly polarized gamma rays. A 60Co source will be placed
on one side of an electromagnet, so that the circularly polarized gamma rays emitted
opposite the beta particles will pass through the electromagnet core. A Nal detector
detects the number of gamma rays that pass through the electromagnet, and a silicon
detector detects beta particles opposite the gamma rays. The number of coincidence
events will be measured when the electromagnet is polarized both parallel and
antiparallel to the gamma rays — an asymmetry between the number of coincidence
events for each orientation would show that parity is violated.
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The Effects of Radiation Escape on Accuracy and Precision in Isotopic Composition
Determination of Uranium and Plutonium Samples with Decay Energy Spectroscopy
Timothy Ockrin and Katrina Koehler, Houghton University

Decay Energy Spectroscopy (DES) results in high energy resolution (1-5 keV @ 5 MeV)
spectra of decay energies where the energy of each decay is measured as a single event
as opposed to individual measurements of each decay particle. In order to accomplish
this, the measured source is not external to the absorber, but embedded within it. DES
can be used for nuclear safeguards, metrology, and medical isotope development, but
measurements are affected by incomplete energy capture occurring when decay
particles escape the absorber. In order to reduce escape likelihood, absorbers can be
capped with a layer of gold. Geant4, a Monte-Carlo simulation software capable of
handling energy transport between particles, is used to simulate DES measurements with
varying th
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SESSION IB. ASTRONOMY AND ASTROPHYSICS

Simulation-Based Optimization of IceCube-Gen2 Modules for Enhanced Sensitivity to
Neutrinos from Galactic Core-Collapse Supernovae
Waly M Z Karim and Segev BenZvi, University of Rochester

The IceCube Neutrino Observatory is capable of detecting high-energy astrophysical
neutrinos as well as bursts of MeV neutrinos from core-collapse supernovae (CCSNe).
The IceCube-Gen2 will encompass nearly tenfold the volume of its predecessor,
incorporating cutting-
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Searching for Strong Gravitational Lenses in DESI Spectra
Delaney Cummins, Segev Benzvi and Xinyi Chen, University of Rochester

Strong gravitational lensing systems are typically observed in imaging surveys via rings,
multiple images, or other visual effects on the source galaxy. However, we expect to
see 5 to 10 times more strong lensing systems with Einstein radii smaller than the
resolution of most imaging surveys. These systems may be found using spectroscopy,
and their detection would dramatically increase the number of known lensing systems,
improving our chances to perform time-delay cosmography and other cosmologically
significant studies. We train a vision transformer neural network (ViT) to find strong
lensing systems in DESI spectra. The VIiT classified lenses and non-lenses with >85%
accuracy after training.
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Analyzing Cryogenic Implosion Data
Rafael de Farias, Dean Clasby and
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Social Outreach through Adelphi University’s Physics Department
Kylie L. Goldade, Victoria S. Wynter, Jason P. Bier, Matthew J. Wright, Adelphi
University

We will report our findings about doing physics outreach through Adelphi University.
We do various events through Lab4Kids which is a program that allows us to travel to
high schools to teach students, as well as them being able to visit Adelphi. In this
program, we taught children (grades K - 12) in groups of up to 32 students following
the NYS Curriculum and beyond, traveled to high schools, and brought students back
to our nationally recognized STEM University. Because of the opportunities from this
program, three of our student teachers were invited to teach for the 21st Century
Community Learning Centers RamPathways Program at the West Hempstead School
District. This program allowed us to teach STEM Enrichment during the summer
following a common core aligned curriculum, designing, writing, and implementing
lessons for subjects including optics, electrostatics, electromagnetism, and forces, as
well as modifying assignments for students with disabilities and special needs.
Victoria Wynter taught 12, 5th-grade students at George Washington Elementary
School. Kylie Goldade taught 23, 6th-grade students at George Washington
Elementary. Jason Bier taught 15, 7th, and 8th grade students at West Hempstead
Secondary School.

Identifying Massive Quiescent Galaxies with COSMOS-Web: The JWST Cosmic
Origins Survey
Mimi Harrison and Jeyhan Kartaltepe, Rochester Institute of Technology

Massive galaxies exhibit a bimodal distribution in the Universe, consisting of active
star-forming and quiescent populations persisting through high redshifts. In a
cosmologically young Universe only a few billion years old, it is a mystery how
massive galaxies could have become quenched of star formation in such significant
numbers so quickly. This phenomenon is not predicted nor explained by theoretical
models of galaxy evolution and hierarchical structure formation models- suggesting
that galaxy evolution in the early Universe may differ dramatically from what we
observe in the current Universe. With access to revolutionary observational
equipment, exploring these rare galaxies from the early Universe is possible with
larger sample sizes than previously possible. We present a sample of quiescent galaxy
candidates selected from the COSMOS-Web catalogs by using rest-frame color-color
diagrams with F115W, F150W, F277W, F444W, and F770W filters to identify these
galaxies and distinguish them from active star-forming ones. Spectral Energy
Distribution (SED) models from photometric COSMOS-Web data can test whether
these candidates fit typical quiescent galaxies’ SED profiles. Future steps to utilize
spectroscopic quiescent candidate galaxy data from the Keck Observatory will allow
for further study and test the efficacy of color-color techniques at higher redshifts.
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Measurement of Water Diffusion Coefficient in Cross-Linked Gelatins Using the
Terahertz Time-Domain Spectroscopy Technique

Declan Walden, Debamitra Chakraborty, Jing Cheng, Antanas Straksys, Arunas Stirke,
Wanessa CMA Melo, Arturas Jukna, Ivan V. Komissarov, and Roman Sobolewski,
University of Rochester

Gelatin exhibits excellent biodegradability, biocompatibility, adhesion, and absorption
properties. This polymer can undergo varying degrees of cross-linking with
glutaraldehyde (GTA) and linked with water to form a hydrogel. The water diffusion
coefficient serves as an important parameter governing the applicability of hydrogels.
Various techniques can be employed to measure water diffusion in gelatin hydrogels,
including quasi-elastic neutron scattering, nuclear magnetic resonance, side-by-side
diffusion cells, fluorescence correlation spectroscopy, the refractive index method,
among others. In this study, we introduce a novel method for determining water
diffusion in gelatin hydrogels based on transient terahertz time-domain spectroscopy
(THz-TDS). The diffusion coefficient is derived from the temporal evolution of
experimentally measured water-concentration profiles using THZ-TDS. Assuming
Fickian diffusion, the water diffusion coefficient is estimated to be 2.53 * 10"-6
cm2/s, falling within the range of reported values for water diffusion coefficients in
gelatin literature.

Sequence heuristics to program nucleic acid phase separation
Corey J. Young, Gable M. Wadsworth and Priya R. Banerjee, SUNY Buffalo

The phase separation of RNA and proteins is ubiquitous in biological systems, an
important example being the formation of membrane-less ribonucleoprotein
organelles such as the stress granules and the nucleolus in living cells. The majority of
the past and current studies are focused on understanding the molecular rules of
phase separation of proteins. RNAs can also undergo phase transitions in the absence
of proteins. However, the physicochemical driving forces of protein-free, RNA-driven
phase transitions remain unclear. We recently demonstrated RNAs undergo lower
critical solution temperature (LCST)-type phase separation upon heating (Nature
Chemistry, 2023; DOI: 10.1038/s41557-023-01353-4), which is driven by the
desolvation of the phosphate backbone in the presence of Mg+2 ions and tuned by
nucleobases. Here we uncover the potential for systematic perturbation of the RNA
phase separation. Selecting a simple yet diverse set of parameters, such as divalent
ions, molecular crowding, and sequence variation to tune RNA phase behavior, our
work establishes novel heuristics to encode progra
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SESSION [IA.
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Refining Straw Detector Capabilities for DUNE Experiment
Shaib Sharhan, Manhattan College

This research project, conducted at the European Organization for Nuclear Research

(CERN) during the summer, aimed to advance the field of neutrino detection through
innovative methodolog0.003 Tci.003 TT (he)13 ()TJO (s)6 (a)14 (e)JJO Tc 0 Tw 15923 0 Td(-)Tj0.003 Tc
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SESSION 11IB. ASTRONOMY & ASTROPHYSICS

X-ray Observation of the Gamma-Ray Emitting Radio Galaxy: NGC 315
Allison Blum, Ka-Wah Wong, Rodrigo S. Nemmen, Jimmy Irwin and Dacheng Lin, SUNY
Brockport

Most of the active galactic nuclei (AGNS) in the local universe are low-luminosity AGN
(LLAGNs). They are generally associated with radiatively inefficient accretion flows
(RIAFs). We present our study of the gamma-ray emitting radio galaxy NGC 315
hosting a LLAGN with a misaligned jet. Multiwavelength studies suggest that X-rays
come from jets, however, it is also possible that the RIAF can contribute significantly
to the X-rays. We present our study of the origin of the X-rays by using the NUSTAR X-
ray Observatory. Using our X-ray data, we also provide constrains on the synchrotron
self-Compton (SSC) model, which is believed to be the gamma-ray emitting
mechanism for the LLAGN. We further study the origin of the X-ray emission using the
Chandra X-ray Observatory, utilizing the high-resolution images created by the
deconvolution method.
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SESSION IVA. INSTRUMENTAL / EXPERIMENTAL TECHNIQUES

Studying the Properties of Niobium Oxide
Sean Lannon, Zachary Robinson, Matt Sullivan, Karsten Beckmann and Nate Cady,
SUNY Brockport

Niobium oxide is a strong candidate for implementation into neuromorphic computer
technology. The purpose of this research is to develop synthesis and crystallization
processes for making thin films of niobium oxide so that the material can be better
understood and eventually incorporated into next-generation computers. More
specifically, we studied the environmental conditions required for the material to
undergo crystallization. We built a vacuum system with a regulated inflow of gas and
a furnace so that we could control the temperature and pressure of the sample’s
environment. The samples were measured using microscopic image analysis and
Raman spectroscopy. We found that the samples underwent the most crystallization
at pressures around atmospheric pressure, and temperatures around 900
Crystallization only occurred when using an ambient of nitrogen/hydrogen gas
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Crystallization and Resistivity of Niobium Oxide Samples
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SESSION IVB. INSTRUMENTATION/EXPERIMENTAL TECHNIQUES / NUCLEAR AND
PARTICLE PHYSICS / CONDENSED MATTER PHYSICS

Phase Measuring Laser Feedback Interferometry with PID Control
Avery Gilson and Dr. Ben Ovryn, New York Institute of Technology

Using a broadband electro-optic phase modulator with a laser feedback
interferometer enables measurements with phase shifting and lock-in
approaches. We have calibrated the response of a piezoelectric translator and
measured the dynamic response of a 5-axis robotic arm. A field programmable
gate array (FPGA) offers the benefit of rapid phase measurements as well as
closed loop control. Phase shifting laser feedback interferometry readily
produces kHz phase measurements with better than 5 nm precision. Phase
unwrapping can be used to follow micron changes in the optical path length. Our
calibration of a commercial piezoelectric translator is in close agreement with
vendor specifications. Stepper motors on the robotic arm combined with
kinematic calculations produce accurate, large scale sample displacements
(centimeter scale) while the laser feedback interferometer adds nanometer
precision.

Parameterizations of electron scattering form factors for elastic scattering and
electron-excitation of nuclear states for 27 Al
Amii Matamoros, Arie Bodek, M.E. Christy and Zihao Lin, University of Rochester

We report on parameterizations of nuclear excitation longitudinal and transverse
nuclear electromagnetic form factors measured in electron scattering on 27 Al
nuclei. For the elastic and nuclear excitations with excitation energies below 8
MeV we use all published form factors. These parameterizations can be used to
calculate radiative corrections for electron scattering cross sections on 27 Al
nuclear targets.
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Targeted Enhancement of Second Harmonic Generation in Layered Transition
Metal Dichalcogenides using Structured Light

Russell Berger, Alex Mavian, Nazifa Rumman, Pascal Bassene, Humberto
Terrones and Moussa N’Gom, Rensselaer Polytechnic Institute

Two-dimensional transition metal dichalcogenides (TMDs) are exciting
candidates for miniaturizing nonlinear optical systems due to their high second-
order nonlinear susceptibility. However, strong second harmonic generation
(SHG) responses are currently hindered by their nanometer-scale interaction
length, compounded by other physical factors, such as grain boundaries and
multilayer growth, which limit the spatial degrees of freedom for signal
generation. We incorporate wavefront shaping (WFS) techniques to enhance the
weak SHG response of few-layered WS2 samples. Star-shaped polycrystals are
examined for their weak SHG signal at both grain boundaries and the center of
the crystal. We observe a significant targeted enhancement of the second-order
nonlinear response in selected regions by up to an order of magnitude and
report an increased conversion efficiency in these regions. Our work
demonstrates how structured light can amplify weak nonlinear interactions,
allowing for all-optical tuning of the nonlinear optical response in TMDs and
paving the way for applications in nonlinear microscopy, nanophotonics, and
materials characterization.
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