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Investigations on Hamiltonicity and Cycle Spectra of 3 and 4-connected Almost-Planar Graphs
Santiago Adams
Mentors: Sandra Kingan and David Conlon

A Hamiltonian cycle is a cycle that crosses every vertex of a graph and a Hamiltonian path is a path that crosses
every vertex. An almost-planar graph is a non-planar graph G where for each edge e, either G/e or G\e is planar.
In this project, we studied 3- and 4-connected almost planar graphs to relate their properties with known results
on 3- and 4-connected planar graphs. We used Gubser’s 1990 classification of 3-connected almost-planar graphs to
develop algorithms that show that all 3-connected almost-planar graphs are Hamiltonian. Moreover, all 4-connected
almost-planar graphs are pancyclic, which means they contain cycles of all possible lengths and Hamiltonian-
connected, which means they have a Hamiltonian path between every pair of vertices. We aim to further these
results to resolve conjectures that we made on the Hamiltonian-connectedness and pancyclicity of 3-connected
almost-planar graphs.

Quality Testing Optically Contacted Bonds
Sophia Adams
Mentors: Rana Adhikari and Christopher Wipf

Optical contacting is a type of bonding that can be achieved when flat, polished surfaces are brought into close
contact. When used as a replacement for fused silica, optically contacted silicon has the potential to increase the
sensitivity of LIGO Voyager to gravitational waves. This project is aimed at determining the quality factor of
optically contacted silicon bonds in order to quantify their potential to reduce the noise in LIGO Voyager. By
maximizing the energy contribution from the bond and oscillating a silicon cantilever, the quality factor of the bond
can be estimated. The eventual goal is to create an ideal optically contacted bond which minimizes damping and
energy loss.

Variational Discretization Methods for Curvature Flows on Riemannian Manifolds
Zofia Adamska
Mentors: Yakov Berchenko-Kogan and Nets H. Katz

The study of geometric flows has many interesting applications that span a wide variety of scientific disciplines. In
this project, we focus on analysing the evolution of curves in Riemannian manifolds under curve-shortening and
curve-straightening flows. They can be viewed as gradient flows of the length and elastic energy functionals,
respectively.

Previous research focuses on manifolds with Riemannian metrics that are conformally flat. Our approach is to use
variational discretizations with the expectation of obtaining a simple computational method that is capable of
producing results for any arbitrary Riemannian metric. Furthermore, we developed an algorithm that uses
partitions of unity to evolve curves in manifolds covered by multiple charts. Using our method, we evolved curves
according to curve-shortening and curve-straightening flows on manifolds with several metrics, and verified
convergence to expected theoretical results. The methods developed in this project could have the potential to
deepen our understanding of the geometry of non-trivial Riemannian manifolds, such as their geodesics and
minimal submanifolds. These insights can open new avenues of investigation and inspire further developments in
the field of discrete differential geometry.

Deep Mutational Scanning to Characterise Differences in Binding Epitopes of IgG1 and IgG2
Antibodies Elicited by Vaccination

Yusuf Adia

Mentors: Pamela J. Bjorkman and Alexander A. Cohen

Vaccine efficacy is limited by viral evolution and the bias of the immune response upon reinfection towards its
memory. Therefore, newer SARS-CoV-2 variants, such as Omicron, aren’t as affected by vaccination as older
variants. Immunisation with a nanoparticle presenting diverse SARS-like viral antigens (“"Mosaic-8b") generates
broader neutralising antibodies compared to single antigen display ("Homotypic SARS-2"), and so is a promising
development in vaccine design. We performed Deep Mutational Scanning to study binding differences of IgG1 and
IgG2 antibodies after vaccination. Antibodies target the receptor binding domain (RBD) of the viral antigen, which
mediates entry into host cells. By generating a library of yeast cells, each expressing a mutant RBD, one can
identify which mutants “escape” antibody binding, thereby identifying the epitope for the antibody. IgG1 and IgG2a
binding appears to be protocol dependent. Following Mosaic-8b immunisation, IgG1 binds to conserved aspects of
the antigen while IgG2a is less broad, binding to epitopes known to exhibit antigenic variability. Conversely, IgG2a
binding following Homotypic SARS-2 immunisation targets conserved parts of the antigen, while IgG1 appears less
broad compared to those elicited following Mosaic-8b immunisation. Exploiting nuances in antibody binding may
prove an effective mechanism for directing host immune responses.
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Quantum Perceptrons on Rydberg Array Quantum Simulator: Implementation and Exploration
Ishita Agarwal
Mentors: Anima Anandkumar and Taylor L. Patti

Quantum neuromorphic computing (QNC) is a subfield of quantum machine learning (QML) that exploits system
dynamics and is capable of operating on modern, chaotic quantum hardware. Building these neuronal models can
be done in part through the use of perceptrons, where the dynamics of a single neuron are represented by each
perceptron.

A quantum perceptron (QP) based on the analogue dynamics of interacting qubits with tunable coupling along with
tunable single-qubit rotations is capable of universal quantum computation, in stark contrast to the limited
computational complexity of a single classical perceptron. Architectures built out of QPs promise to be noise-
resilient and find applications in measuring inner state product, entanglement detection, quantum metrology and
can be used in variational circuits for machine learning tasks.

QPs can be realized in highly controllable and pulse-equipped quantum hardware but the realization of fully
controlled, coherent many body systems is a formidable scientific and technological obstacle. Neutral atoms have
been considered for gate-based quantum computations using interactions between the Rydberg atoms as they
exhibit long coherence times, controllable and scalable geometries, and increasing levels of single-atom control.
Thus, in this project I would like to show how the mechanisms required for the quantum perceptron can be carried
out using the dynamics of the Rydberg array as well as demonstrate that the quantum perceptron on the Rydberg
array can detect and report information on many body dynamics like phase classification.

Cryogenic Packaging for Transmon Qubits: Sample Holder and PCB Design
Ali Ahmad
Mentors: Mohammad Mirhosseini, Parth Shah, and Chaitali Joshi

Superconducting qubits provide a scalable framework for quantum computing and a testbed investigating many-
body physics. For experiments involving multiple qubits, it is essential to have a means of delivering and reading
classical control signals from an on-chip device, while maintaining a clean, low-loss electromagnetic environment.
In practice, this is achieved by designing a metal packaging entailing the measurement chip and a printed circuit
board (PCB) that includes microwave waveguides. This project aims to design a packaging capable of
accommodating the control signals for five qubits, for future experiments in Mirhosseini’s lab.

To do this, we initially model the existing packaging in the lab using electromagnetic simulation tools (COMSOL) to
map out any possible spurious box modes near the superconducting qubits’ operational frequency. The packaging is
subsequently modified using Pogo pins, which are used to ensure adequate grounding of the PCB and adjust the
boundary conditions to increase the frequencies of the spurious modes well above the measurement operating
range (4-8 GHz). In the second part of this project, we design a new PCB to support a larger number of control and
readout lines. To do this, we employ KiCAD to substitute coplanar waveguides (CPWs) with buried striplines, a
variant that effectively minimize crosstalk and provides a more compact footprint. Furthermore, we redesign the
packaging to accommodate the new PCB and cable connectors, and the Pogo pins. Future work in the lab will focus
on the fabrication and experimental validation of the designed packaging.

Identifying FRBs From Known Pulsar Wind Nebula VT 1137-0337
Ethan Alderete
Mentors: Gregg Hallinan and Walid Majid

Fast radio bursts (FRBs) are highly energetic transient radio signals whose origins are yet to be fully understood. In
2020, multiple fast radio bursts were detected from magnetar SGR 1935+2154, establishing magnetars as at least
one source of such bursts. We have found several potential fast radio bursts appearing to originate from the
extragalactic pulsar wind nebula VT 1137-0337, which we now present as another source of FRBs. Using Heimdall,
we searched through observational data taken by the Deep Space Network (DSN) for potential fast radio bursts and
narrowed our search down using the physical properties of VT 1137-0337. Due to the extragalactic nature of this
source, we had to correct for dispersion smearing through incoherent dedispersion techniques before running the
data through Heimdall. Our detection of these bursts originating from VT 1137-0337 will provide more insight into
potential sources for fast radio bursts, allowing for more refined strategies of finding sources and upper limits on
the physical processes that create fast radio bursts.

Spin-lattice Relaxation Mechanisms in Nitroxide Free Radicals
Kevin Alexander
Mentors: Ryan Hadt, Nathanael Kazmierczak, and Katie Luedecke

Spin-lattice (T1) relaxation constitutes a key limiting factor for scaling up room temperature qubit devices. To better
understand the mechanisms leading to Ti relaxation in molecular qubits, we studied the dependence of T1
relaxation on molecular orientation in nitroxide free radicals, a widely used class of paramagnetic spin labels. Our
experimental techniques included continuous wave electron paramagnetic resonance (EPR), pulsed EPR, UV-vis
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spectroscopy, magnetic circular dichroism, and Raman spectroscopy. On the theoretical side, we used quantum
chemical calculations to obtain additional information such as spin-phonon coupling coefficients and vibrational
frequencies. Taking our experiment and theory together we have ruled out a g-tensor driven T: anisotropy in
nitroxides and have made progress in constructing a model for Ti relaxation that is dependent on hyperfine
anisotropy.

Investigating Greenwashing in Energy Industry Communications Using Natural Language Processing
Jena Alsup
Mentors: R. Michael Alvarez and Danny Ebanks

The propagation of misinformation related to climate change through corporate rhetoric constitutes a pressing issue
that demands further exploration. Greenwashing involves intentionally misleading consumers about a corporation’s
own environmental practices, often to appear more eco-friendly or socially responsible than the company actually
is. However, there is yet to exist a quantifiable definition of what specifically constitutes greenwashing. We leverage
a diverse array of media such as SEC filings, corporate sustainability reports, and tweets from the 15 most
influential energy and renewable energy companies. We analyze this cross-sectional time series text data using
structural topic modeling — a modern natural language processing technique based on unsupervised learning —
that tests language distances between renewable energy companies and oil companies. This ultimately allows us to
investigate the role of rhetoric in shaping public opinion on climate change.

Realizing Photonic Integrated Circuits on Thin Film Lithium Niobate
Parthorn Ammawat
Mentors: Alireza Marandi and Ryoto Sekine

Integrated photonics based on thin film lithium niobate (TFLN) has been a promising all-optical solution for low-
cost and energy-efficient communication, sensing, and computing. Due to its strong nonlinearity, TFLN has
emerged as a promising foundation for modern systems including photonic computing. However, all computers
require a combination of linear and nonlinear operations. While these elements have been demonstrated
individually on TFLN, they have yet to be combined on the same chip to implement a full computer. To do so
requires further optimization of both components to make them compatible with each other. One vital component
of the circuits is optical couplers. This project optimized several types of couplers and performed fabrication
sensitivity tests on them. These were done by using commercial software, then the results were verified by using
different simulation methods, including MODE, EME, and FDTD. The real devices were then fabricated, and the
results were measured.

Investigating the Effects of Different p97 Inhibitors on CML
Chelsea An
Mentors: Tsui-Fen Chou, Vivian Lai, Baiyi Quan, and Shyue-Fang Battaglia

Chronic myelogenous leukemia is a deadly hematologic cancer mostly impacting older adults. In recent years, both
competitive and allosteric p97 inhibitors, such as CB-5339 and NMS-873 respectively, have shown great potential
in treating various types of cancer, including leukemia. p97, or Transitional Endoplasmic Reticulum ATPase, is an
integral component of the ubiquitin proteasome system, processing substrates that have been ubiquitinated for
degradation by the proteasome by removing them from the membrane of the endoplasmic reticulum as part of the
Endoplasmic-reticulum-associated protein degradation pathway. Using liquid chromatography-mass spectrometry,
we analyzed the differences between competitive and allosteric inhibition on p97 and the effects of p97 inhibition
on various cellular processes. Further experimentation is necessary to confirm the effects of the inhibitors and
compare proteins of interest.

Uncovering Structure in Vision-Language Embeddings
Sahithi Ankireddy
Mentors: Pietro Perona and Laure Delisle

As the popularity of multimodal learning rises, vision-language models like CLIP gain wider adoption. CLIP
demonstrates remarkable transferability to various computer vision tasks, showing competitive performance even
on novel datasets. However, the structure of the model’s embeddings remains largely unknown, particularly in
terms of how latent representations capture and organize concepts and semantics within the embedding space. To
investigate the naturally emerging structure of CLIP’s embeddings, we propose a method combining dimensionality
reduction, spectral clustering, and latent vector similarity analysis. Using this method, we perform a cross-modal,
inter- and intra-class examination of captioned ImageNet images. Our results reveal intuitive by-class grouping and
uncover previously unknown hierarchical clustering following the semantic structure of the embedded data, both
interclass and intraclass. We also uncover that themed or specialized datasets, like ImageNet object-centric natural
images, occupy distinct subspaces within the embedding space. This work introduces a novel method to compare
vision-language embeddings across models and provides valuable latent structure mapping for future
representation learning techniques.
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Using Machine Learning to Classify Trees
Mohammad Arbab
Mentors: Mory Gharib and Julian Humml/

As climates change to become warmer and drier, forest fires are becoming substantially more frequent. Utilizing the
diverse applications of machine learning, this project has the objective of applying a deep learning model to a
drone to classify trees and theoretically the type of tree to predict the path of forest fires. However, this project is
mainly focused on whether or not a deep learning model can successfully do binary classification of trees. In order
to achieve this, we're attempting to use an existing model to do transfer learning and image segmentation to
isolate the subjects of the image. We're then using live video to apply this segmentation, where new and unique
images will be shown to the model and it will create an inference. There are various factors that play a role in a
learning model’s performance such as dataset size, hyperparameters, weight decay, and linear layers. Because of
this, we haven’t had a model that works yet, but one can be trained to do so with a sufficient dataset and possibly
be able to identify species of trees in the long run. At the present stage, we are working on incorporating a camera
for this image pipeline.

Modeling and Experimentation of Cement-based Products for Enhanced Carbon Capture
Mars Arechavala
Mentors: Melany Hunt and Ricardo Hernandez

Carbon capture can be performed using granules that absorb the CO2 emitted from point-sources like industrial
plants. These granules can then be regenerated by increasing their temperature, providing reusable sources of
carbon capture. Similarly, the reactions that occur during CO2 diffusion into cement-based products can act as
large sources for carbon capture. This carbon sequestration can be modeled mathematically based on the
environmental conditions and formulation of the cement, which can help understand its role in global carbon
uptake. The accuracy of carbon sequestration done by cement is crucial to the understanding of the carbon
imbalance caused by humans. This understanding can be applied to the granules which use components of cement
like calcium hydroxide that can help with the binding of the granules while improving its CO2 absorption ability. The
most promising formula for enhanced CO2 capture ability includes a high proportion of K2CO3z which has high
absorption capability and some combination of CaCOs to improve granule shape, size distribution, and strength.
The focus is to improve this formulation by introducing different binders and pore-formers to increase its
regeneration and carbon capture capabilities.

Interaction-aware Trajectory Planning Using Linear Quadratic Regulator
Nishka Arora
Mentors: Daniela Rus, Xiao Li, Johnson Wang, Yutong Ban, and Soon-Jo Chung

When we drive, the past behavior of vehicles surrounding us helps us forecast their future interaction with our
vehicle. For an autonomous vehicle (AV), predicting the behavior of other road agents and planning around these
predictions is a pressing challenge and one that poses many safety concerns. A previous project (ConceptNet)
executes multi-agent interaction-aware trajectory prediction using a graph neural network. This project aims to use
the predicted trajectories to create scenario-specific emissions that form the cost functions of a Linear Quadratic
Regulator (LQR) to be used as the planner. The cost function of the LQR is set up the maximize the distance from
(predicted trajectories of) neighboring cars while minimizing the distance from a reference trajectory. Results show
that different scenarios benefit from varying parameters of the LQR cost functions. Further work can be done in
training a neural network to emit these parameters given an input scenario.

Lab-Scale Demonstration of a Reflector Assembled in Space
Diego Attra
Mentors: Sergio Pellegrino and Jongeun Suh

Due to the demands of future space missions, building large-scale structures on the order of hundreds of meters in
space has become of interest. Current deployable design approaches are limited by the stowed size of these
designs. A new design approach of an in-space assembled reflector has been studied and is being developed as an
alternative to deployable designs. The multifaceted nature of this concept has required different modules to be
developed simultaneously. The “Truss Builder” is one of the modules, and it is responsible for the storage of
structural components as well as the autonomous fabrication of the structure itself. This work details the
development and initial testing of a lab-scale demonstration of the “Truss Builder” system.

Segmentation of Volumetric Cell Images With Segment Anything Model
Angel Rodrigo Avelar Menendez
Mentors: Yisong Yue, Uriah Israel, and Markus Marks

Qualitative measurements of volumetric biomedical images achieve a better understanding of biomedical systems
such as diseases. Segmentation is a method to take these qualitative measurements. Existing models that perform
segmentation are not generalizable, as they need to be trained for specific datasets and tasks, and are mostly
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designed for 2D images. This project aims to develop a novel 3D segmentation model by building upon Meta’s
Segment Anything Model (SAM). SAM was trained on millions of images to perform 2D segmentation. Through
transfer learning, we extract relevant information on 2D slices of cell images and aggregate their encodings to
perform 3D segmentation. We also compare how existing models perform on segmentation of various 3D cell
images.

Examining Trends Between Supermassive Black Hole Growth and Star Formation in IllustrisTNG
Cosmological Simulation

Diana Citlali Avila Padilla

Mentors: Fiona Harrison and Joanna Piotrowska-Karpov

Supermassive Black Holes (SBH) surrounded by discs of accreting matter, known as Active Galactic Nuclei (AGN),
have long been suggested as the primary cause for preventing star formation within galaxies. However, due to the
variable nature of the AGN and long timescales associated with galactic star formation, the exact nature of long-
term black hole impact on host galaxies still remains an open question in the field of galaxy evolution. We address
this problem by investigating potential connections between SMBH accretion histories and the present-day star
formation state of their host galaxies in IllustrisTNG cosmological simulation. We divide galaxies into two categories
based on their star formation activity and analyze statistical properties of their SMBH populations.We also
characterize individual growth histories of black holes, searching for statistically significant relationships between
time-resolved accretion and star formation in large galaxy samples. By combining conventional analysis techniques
with machine learning algorithms, we aim to learn how time-dependent energy deposition from the AGN into its
surrounding galaxy bears influence on star formation activity, hence shedding new light on the role of
supermassive black holes in galaxy evolution.

Investigation, Modeling, and Control of Quantum Optoelectronic Circuits and Systems
Pablo Backer-Peral
Mentors: Ali Hajimiri and Volkan Gurses

Optoelectronic circuits leverage the advantages of both photonics and electronics to enhance the performance of
sensing, communications, and computing systems. Quantum photonics is an emerging field that leverages the
guantum mechanical nature of light to create systems beyond the limit of classical photonics. Quantum
optoelectronic circuits expand the scope of quantum photonics by enabling a holistic integration of quantum
photonic and electronic functions, offloading some of the functional requirements from optical circuits to radio-
frequency circuits. To this end, this project aims to develop quantum optoelectronic circuits and their control
systems to demonstrate novel functionalities and improved performance. Some of the contributions of this work
will be, but are not limited to, building prototype and printed circuit boards for quantum optoelectronic circuits,
developing scripts to automate the readout and control of the experiments, and programming FPGAs for real-time
processing of measured quantum signals.

Simple Room-Temperature Photodissociation Action Spectroscopy of Water-Tagged Biomolecule Ions
Aadarsh Balaji
Mentors: Mitchio Okumura and Tyler Nguyen

Identification of biomolecules is important both in the astrobiological search for extraterrestrial life as well as in
standard analytical laboratories. However, ambiguity in identification and distinguishment of isomers make this task
challenging. Here, we report on modifications to a commercial linear ion trap mass spectrometer that allow the
usage of infrared photodissociation spectroscopy to overcome these challenges. Our apparatus traps water-tagged
biomolecule ions and uses mid-IR quantum cascade lasers to dissociate the tag. The laser is scanned across a
range of irradiation wavelengths, a photodissociation yield is obtained from a mass spectrum collected at each
wavelength, and the yield is then plotted as a function of wavelength to obtain an infrared spectrum of the
molecule. Together, the usage of the ion trap to select by mass, and the lasers to obtain a spectrum, allow for the
acquisition of orthogonal spectroscopic information with just a single experimental apparatus. We confirm the
reasonableness of experimental spectra through comparison with density functional theory (DFT)-calculated
spectra, and demonstrate the capabilities of our apparatus to quantify the relative abundance of isomers in
complex mixtures. This approach has potentials in improving analytical workflows, overcoming challenges of small
molecule identification, and aiding in compound identification in future planetary science missions.
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Electrochemical and Thermochemical Testing of Cobalt and Copper Oxides for Electrochemical
Hydroformylation

borfinnur Ari Herrmann Baldvinsson

Mentors: Karthish Manthiram and Emma Cosner

Hydroformylation (thermo-HFN) is an industrially relevant reaction performed at a scale of 10 million tons/year.

It is a reaction where olefins are coupled with high pressure carbon monoxide and hydrogen, in the presence of a
catalyst at high temperatures to form aldehydes. Electrifying thermo-HFN (electro-HFN) to use protons and
electrons instead of hydrogen gas could mitigate the need for elevated temperature and pressure and the use of
H2 gas as a reactant. Zeng and coworkers proved that electro-HFN is possible using a rhodium catalyst. However,
rhodium is rare and expensive, therefore finding catalysts that are more abundant is necessary for making electro-
HFN sustainable. Cobalt and copper could be good candidates as they are more abundant and cobalt has literature
thermo-HFN precedent while copper catalyzes C-C bond forming reactions. Several Cu and Co materials were
tested i.e., Cu, Cu20/C, CuO, Co/C, Co0O, C0203 and Co304. All the oxides were commercially available except
Cu20/C, it was synthesized and characterized by X-ray diffraction, scanning electron microscopy and energy-
dispersive X-ray spectroscopy. The Cu and Co materials were screened for reactivity by constant current
experiments at -500 pA for 2 hours, none showed reactivity. Future work should focus on making other rhodium
nanoparticles on graphene and phosphorus-based supports.

The Effect of Tree Canopy Coverage on Residential Temperature
Meher Banik
Mentor: Julie Kornfield

This research project studies the relationship between tree canopy coverage and residential temperature, with a
specific emphasis on addressing urban heat islands. Urban heat islands refer to the marked temperature
differences between urban areas and their surrounding rural counterparts. Recent studies have revealed a
significant correlation between urban temperature disparities and the extent of tree canopy coverage in urban
areas, highlighting the critical role of vegetation in mediating local microclimates.

The overarching objective of this study is to explore the relationship between tree canopy coverage and residential
temperatures within the context of environmental justice. The research is expected to have far-reaching social and
environmental implications, as it may inform strategies for mitigating urban heat disparities, reducing greenhouse
gas emissions, and fostering more sustainable urban ecosystems.

The research methodology involves the strategic placement of temperature sensors in selected sites, enabling the
collection of data that will help elucidate the impact of tree canopy coverage on indoor temperatures. Preliminary
experiments aim to characterize temperature variations under different conditions, laying the foundation for more
extensive data collection and analysis.

Effect Of Porosity in Vortex Ring Formation Time Scales
Sebastian Banuelos
Mentors: Mory Gharib and Scott Bollt

Vortex rings are a commonly studied phenomenon in fluid mechanics due to their large presence in turbulent flow.
They are flow structures generated when a body of water is forced through an outlet, causing a separation in the
boundary layer at the opening, resulting in a rotating column of air. Gharib et al. proposed that vortex rings
achieve a maximum circulation at a universal formation number. Using a piston-cylinder experimental setup, he
described this characteristic number to be a stroke-to-diameter ratio of approximately 4.
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In this project, the effect of porosity in formation time scales of vortex rings is studied experimentally. By allowing
smaller streams to flow across its surface, porous bodies display different aerodynamic properties than a
conventional solid plate. These jets interact with wake flow affecting the formation of vortex structures.

Thus, we will utilize perforated plates with industry-standard porosity ratios. By accelerating these plates through a
water tank, we obtain velocity and vortex flow fields using Particle Image Velocimetry. By varying the porosity of
such plate, we seek to identify the critical ratio at which flow transitions from wake to trailing jet behavior.
Ultimately, porosity could serve as a potential parameter space to model the formation time scale of vortex rings.

Using Webcam-based Eye Tracking Technology to Probe Atypical Gaze Behavior in Autism
Ava Barbano
Mentors: Ralph Adolphs, Na Yeon Kim, and Qianying Wu

Autism spectrum disorder (ASD) is a neurodevelopmental disorder that is commonly associated with social and
communicative difficulties. The complex and heterogeneous nature of ASD symptoms has placed challenges in
establishing an objective and quantifiable behavioral marker that provides a foundation for further research on the
genetic and biological basis. Eye tracking has revealed atypical gaze patterns in ASD; however, conventional
desktop-based eye trackers require specialized equipment and in-lab testing. This study instead utilizes Webgazer,
a webcam-based eye tracking technology, to study gaze behavior in a large-scale subject population recruited from
Prolific, an online study platform. The pilot implementation of this study (N = 96) featured ASD and non-ASD
groups viewing naturalistic Zoom conversations featuring human actors and physical objects. All participants
completed Autism Quotient and Social Responsiveness Score questionnaires, as measures of autistic traits.
Preliminary analysis of the pilot data will be used to inform the final experimental design and implementation of the
study, with a focus on the comparison of gaze data, self-reported engagement,demographic information, and
questionnaire reports between the ASD and non-ASD groups.

Using Variability of Emission to Determine Presence of Black Holes in Galaxies
Diego F. Barcenas
Mentors: George Helou and Frank John Masci

The AGN (Active Galactic Nuclei) refers to the torus shaped region at the center of a galaxy. Observing instruments
of AGNs such as telescopes NEOWISE/WISE (NASA's Near-Earth Object Wide-field Infrared Survey Explorer) and
ZTF (Zwicky Transient Facility) perform a survey of the night sky, crossing the ecliptic poles. We categorize the
information from a given galaxy collected by ZTF and WISE/NEOWISE, to determine the probability of a black hole
being present in the galaxy’s center. The measurements of luminosity were studied to estimate the variation, or
fluctuation of the significant source of light. Fluctuations strongly correlate with the pretense of an accreting black
hole in the center of a galaxy, being the source of energy or radiation from the galaxy. From there, given data from
an arbitrary galaxy, a categorization can be made if a black hole is present or not.

Studying the Effects of CB5339 as a p97 Pathway Inhibitor on Proteins in the Ubiquitin Pathway of
IMR90 Fibroblast Cells

Karina Bender

Mentors: Tsui-Fen Chou, Shyue-Fang Battaglia, and Lai Chai Foong

The p97 gene regulates the ubiquitin pathway, which is responsible for the degradation of waste products and
proteins in the cell. This gene pathway is regulated differently in younger cell cultures compared to older cell
cultures. In older cells, p97 and the ubiquitin pathway are not expressed as frequently as in younger cells, leading
to a buildup of waste products that are harmful to the cell and ultimately leads to apoptosis and cell death. In this
project, we determined how the inhibition of p97 with the reagent CB5339 affected the proteins in the p97 pathway
in both younger and older generations of the cell line IMR90, a fibroblast cell line, to determine their effects on the
aging process. This allowed us to gain a better understanding of the role of p97 in fibroblast aging, and specifically
how its inhibition can be used to limit aging in cells. This knowledge can then potentially be used to combat
neurological disorders by reprogramming the fibroblast cells into neurons, allowing us to further study potential
ways to inhibit rapid aging in brain cells and treat conditions such as Alzheimer’s or Parkinson’s.

Effect of Bathymetry on the Dynamics of Southern Ocean Subpolar Gyres
Emma Beniston
Mentors: Andrew Thompson, Scott Conn, and Ruth Moorman

The subpolar gyres of the Southern Ocean are large cyclonic ocean circulations which lie between the Antarctic
Circumpolar Current (ACC) and the Antarctic coastline. The subpolar gyres are important circulation features
playing a role in the transport of heat, sea-ice and carbon within the region. Understanding the governing dynamics
of the subpolar gyres is thus crucial to developing a comprehensive understanding of the Southern Ocean and its
interaction with the global climate. Though gyres in general are well-studied features of the global ocean,
traditional theories rely on gyres being bound by continents on both their eastern and western edges. By contrast,
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the Weddell and Ross gyres of the subpolar Southern Ocean have no eastern land boundaries and have either
partially or fully submerged western and northern boundaries. To investigate the governing dynamics in these
nonstandard geometries, we carried out a series of numerical simulations with idealised bathymetry (seafloor
depth) constructed to represent the Weddell and Ross gyres. We assess how changes to the bathymetry affect the
shape, strength, and extent of the gyres, particularly where the eastern limb of the gyre separates from the ridge
and the ACC. We also analyse how a vorticity balance is achieved in each configuration.

Correcting Phonon and Quasiparticle Dynamics in Geant4 Simulation of Kinetic Inductance Detectors
Ruth Berkun
Mentors: Sunil Golwala and Karthik Ramanathan

Kinetic Inductance Detectors (KIDs) can be used to detect low-mass dark matter candidates. When dark matter
interacts with KIDs, it creates a pulse of phonons and quasiparticles, the latter of which can be used to characterize
the energy of the dark matter. However, the physics behind phonon propagation and interaction with quasiparticles
is not well understood. To gain more insight into these interactions, we modify a previous Geant4 (GEometry ANd
Tracking) simulation created by a previous lab member (Erik Lindeman) and compare it to experimental data of a
lab wafer of KIDs. We analyze the phonon and quasiparticle physics separately, modifying different parameters
affecting propagation to see if they help the simulated pulse shapes have more similar rise and decay features to
the experimental pulses. Parameters such as total internal reflection and absorption parameter were both found to
affect quasiparticle decay time; however, more work needs to be done to change the relative rate of decays for
KIDs at different distances from the detectors. Understanding what other parameters affect phonon and
quasiparticle creation and decay can help aid the development of more sensitive detectors.

Modeling Non-terminal Cloud Droplets in PySDM
Brady Bhalla
Mentors: Tapio Schneider and Emily de Jong

Cloud microphysics, which describes the interaction of microscopic particles in the atmosphere such as water
droplets, ice crystals, and aerosol particles, is a major source of uncertainty in current climate models. One
simplification made when modeling microphysics is treating all droplets as moving at their terminal velocity.
However, this is not always true, especially when there is a high frequency of collisions. Immediately after two
droplets coalesce, the resulting droplet will be moving slower than its terminal velocity, and immediately after a
droplet breaks into smaller droplets, the resulting droplets will be moving faster than their terminal velocities. This
work explores the importance of non-terminal droplets through a pythonic implementation of the super-droplet
method, PySDM, which is a high-fidelity tool for modeling cloud microphysics. We create a new dynamic which
allows droplet velocity to relax towards the terminal velocity instead of instantly updating. Simulations using this
non-terminal velocity in the context of coalescence and droplet breakup are used to explore the importance of non-
terminal droplets, which improves our understanding of microphysics and furthers the goal of reducing uncertainty
in climate modeling.

Molecular Qubits for Enhanced Quantum Sensing
Nachiket Bhanushali
Mentors: Norman Yao, Nicholas Hutzler, Emily Davis, Weijie Wu, and Zilin Wang

Recent efforts in quantum engineering have led to the design of several molecules with properties that are suitable
for making quantum bits (qubits). While these molecules promise improved performance in quantum computation
due to their large coherence times, they are also harder to polarize and read out, making it challenging to use
them as a platform for quantum computation. One approach to tackling this problem involves the use of nitrogen-
vacancy (NV) defects in diamond. NV defects are a well-studied, easily polarizable, and optically addressable
quantum system with recently proposed applications as sensitive probes of spins and magnetic fields, and as a
medium to polarize other atoms and molecules. This project aims to characterize the polarization transfer from NV
centers to molecular qubits as well as the quantum sensing capabilities of this system using a confocal fluorescence
microscopy setup. We discuss the design of the confocal setup used as well as the implementation of the different
polarization transfer protocols used to polarize the molecular qubits using the NV centers.

Developing an Automated Particle Tracking Method to Measure Sediment Settling Velocity
Ayush Bhattacharya
Mentors: Michael Lamb and Justin Nghiem

Relative sea level rise can flood and erode coastal land. Building land with sediment deposited from rivers is a
major mitigation strategy to counteract this. However, predicting sediment deposition rate is highly uncertain
because flocculation, the process of sediment grains combining into larger particles called flocs, can dramatically
increase the settling rate of mud, which is abundant in coastal areas. Direct camera measurements of mud floc size
and settling velocity are required to constrain the environmental conditions leading to and the effects of
flocculation. Particle tracking is needed to track flocs across multiple frames and estimate the floc settling velocity.
However, past measurements faced difficulties in automating the floc tracking process. To address this knowledge
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gap, we are currently training a convolutional neural network model to automatically track particle movement
based on the floc images. With these images, we furthermore compared the grain size and particle size distribution
to determine whether the sediment in the experiments was flocculated. Next, we will work on increasing the
number of particles that the model can handle and improving the model accuracy.

Investigating the Migration of p97 Into the Nucleus in K562 Cells Due to Treatment With H>0:
Berglind Bjarnadottir
Mentors: Tsui-Fen Chou and Vivian Lai

VCP/p97 protein is an ATPase protein that is involved in various cellular processes, including protein degradation
and DNA damage repair. Many mutations in p97 have been linked to several diseases, including cancer. We
observed that p97 is more abundant in the nucleus of K562 leukemia cells treated with H.0: than in untreated
leukemia cells. However, it is unknown why it is more abundant or how it migrates into the nucleus. Therefore, we
have tried to gain a better understanding of this by doing an immunoprecipitation for p97 with treated and
untreated K562 cells and sent the result from that for further analysis using mass spectrometry. We are analyzing
the data from the mass spectrometry looking for proteins that are upregulated in H20> treated cells and could be
involved in transporting p97 into the nucleus. We are also currently checking one another cell line to see if the
same increase of p97 happens in the nucleus under H>0: treatment.

Genetic and Pharmacological Modulation of Mitochondrial DNA Heteroplasmy
Michael Bohl
Mentor: Bruce Hay

This research project explored the impact of different compounds on the selective removal of deletion-bearing
mtDNA (mtDNA?) in Drosophila melanogaster and C2C12 mouse myoblast cells. This was done by determining the
ratio of mtDNA? to mtDNA®™® copies with gPCR. Results suggest that spermidine and urolithin A promote the
selective removal of mtDNA?, while resveratrol reduces the abundance of mtDNA? by predominantly reducing the
overall mtDNA. Preliminary results obtained from experiments on C2C12 mouse myoblast cells further confirmed
the efficacy of urolithin A and additionally revealed the modulatory effects of the Bax inhibitor peptide V5 and the
integrated stress response inhibitor ISRIB on mtDNA? levels. The role of PINK1, Parkin, and BNIP3 in the removal
of mtDNAA was also investigated. RNAi knockdown of these genes increases mtDNA%/mtDNAtotal ratios while
overexpressing PINK1 reduces mtDNA? copy numbers. By crossing flies with tissue-specific GAL4 expression to
UAS-mitoAflIII flies, this research revealed that mtDNA heteroplasmy in tissues expressing the lozenge gene
results in visible non-lethal phenotypes.

Although the data provides valuable insights into the modulation of selective mtDNA? removal, the variability
observed among replicates limits the precision of the results. Further research is necessary to validate and expand
upon these findings.

Developmental Milestones in Children With Agenesis of the Corpus Callosum
Ella Bohlman
Mentors: Ralph Adolphs, Lynn Paul, and Jasmin Turner

Congenital malformations of the corpus callosum include agenesis (complete or partial callosal absence, ACC),
dysgenesis (malformed callosum), and hypoplasia (thin callosum). Evidence to date suggests delays in language,
adaptive functioning, and social communication, among other aspects. This study explores development as a whole
within infants and children with ACC. Through a variety of parent-report surveys, analyses were conducted to
summarize these delays and developmental milestones, as well as the outcomes per callosal diagnosis (isolated
ACC, dysgenesis/hypoplasia, or ACC plus (agenesis combined with other developmental brain malformations)). A
preliminary review of summary statistics indicates that there are delays within the language and motor areas of
development. Further analysis will likely confirm and expand on these findings.

Solubility of Water in Sodium Aluminosilicate and Calcium Aluminosilicate Melts
Ambre Brabant
Mentors: Ed Stolper and Mike Baker

Water dissolves in silicate melt as OH and H.0 and has an enormous impact on the melt’s physical and chemical
properties. At low pressure, OH is the dominant species. However, the compositional dependence of OH solubility is
not well-constrained, making it difficult to accurately model low-pressure magmatic degassing. We measured the 1-
atm solubility of water at 1300°C in melt compositions in the Na:0-Al.03-SiO2 (NAS) and Ca0O-Al>03-SiO2 (CAS)
systems. Melts were equilibrated with CO2-H>0 gas mixtures in a 1-atm furnace (pH.0=0.298-0.314atm) and
quenched after 24-64h. Glass compositions were determined using a scanning electron microscope equipped with
an energy dispersive spectrometer. Water contents were measured using Fourier Transform Infrared Spectroscopy.
The NAS glasses contained 800-1400ppm water, with water contents correlated with Na loss from the different
experiments. The CAS system has been less well-studied; time-series experiments show that water contents reach
an approximately constant value after 24h. Subsequent experiments will involve three modified CAS compositions.
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These data combined with 1-atm solubility data from the glass literature will be used to investigate simple models
of water solubility as a function of melt composition in conditions where OH is the dominant water species.

Structural Analysis of MurG Interactions With Substrates, Inhibitors, and MraY
Helen Brackney
Mentor: William Clemons Jr.

The peptidoglycan layer in bacterial cells is a popular target for antibiotic development. The membrane protein
MraY and peripheral membrane protein MurG are part of critical steps in the synthesis of peptidoglycan. Lipid I, a
lipid substrate formed by Mray, is thought to be recognized by MurG through its soluble domain. Currently, there is
no structure of MurG with bound lipid substrate, and the residues required for this interaction have not been
conclusively defined. Crystallographic methods and Cryogenic Electron Microscopy were applied to study the
interactions between MurG and the soluble domain of Lipid I through the substrate mimic Park’s Nucleotide, Lipid
II, and a Lipid I analog and to study the interactions of MurG and MraY with the aforementioned substrates. By
adding Park’s Nucleotide, Murgocil, Lipid II, the Lipid I analog, or a combination of the listed additives to
concentrated MurG, crystals formed under optimized conditions. We aim to obtain electron-density maps from
these techniques to model the structure of MurG.

Characterization and Design of a Mach-Zehnder Setup for Quantum Frequency Conversion of Ion-Trap
Photons to Telecom Wavelengths

Michael Bregar

Mentors: Maria Spiropulu, Prathwiraj Umesh, and Raju Valivarthi

The development of light-matter quantum networks for applications such as entanglement distribution is a thriving
area of research that could enable quantum technologies to transmit information over long distances, probe
fundamental physics, and simulate physical phenomena. In a quantum network envisioned by the Spiropulu Group,
two ion trap nodes (Ca+), one at LBNL and the other at UCB, emit photons at 854 nm that must travel 10 km
between nodes. To achieve low loss transmission, the frequencies of these two photons need to be converted to the
optimal value of 1550 nm while also converting both h and v polarizations. The goal of this project was to
characterize, design, and test various components in a Mach-Zehnder quantum frequency conversion (QFC) setup
to find the most efficient configuration that can be used for quantum communication. A Python feedback system
was designed on a separate homodyne detection setup using an NI-DAQ device and two balanced homodyne
detectors to stabilize the output quadratures, which was later used to stabilize the Mach-Zehnder QFC setup.
Subsequent work involves performing sum frequency generation using a 1902 nm pump laser and a 1550 nm
tunable telecom laser to characterize PPLN waveguides to be used for QFC.

Robotic Optical Ammonia Detection—Materials Acceleration Platform (ROAD-MAP)
Bryan Burnell
Mentors: John Gregoire and Ryan Jones

Automating the characterization of possible ammonia-generating electrochemical processes will greatly accelerate
the search for a renewable method of ammonia production. The High Throughput Experimentation Group is
currently working with several other labs to develop electrochemical reactors that will autonomously facilitate
electrochemical processes to potentially produce ammonia from N2. Designing a Robot Solution Handling System to
automatically prepare and spectrometrically analyze the samples produced by such a reactor will allow the rapid
characterization of electrochemical processes’ ability to produce ammonia. A flow cell was designed to have
samples injected into a 0.04” ID electrolyte flow path, with a broad-band LED shining through a 3” long optical
absorption path to be measured by a spectrometer on the other end. A Python program will then automatically
analyze the collected spectra to determine the ammonia content of each sample.

Unsupervised Re-Identification of Primates Through Self-Supervised Learning
Kevin Cai
Mentors: Pietro Perona and Markus Marks

Primate re-identification is a critical task in primate behavior research, which involves tracking and identifying
individual primates from video footage. Primatologists, anthropologists, zoologists, ecologists, and wildlife
biologists gather terabytes of video footage per camera each field season; thus, the current gold standard, manual
annotation of this footage, is not scalable. Machine learning techniques have been applied to automate primate re-
identification. However, the existing state-of-the-art methods are supervised, which require manually labeled
training data, making them impractical in real-world scenarios where the data gathered is too large to actively
label. Moreover, domain experts often do not know and therefore cannot label all the individuals. We propose an
unsupervised primate re-identification framework that automatically identifies individual primates from video
footage without requiring full training on a manually labeled dataset. Our framework will consist of a self-
supervised student-teacher network that will train an identification model through which we will embed the video
frames and cluster the individuals, so they can be tracked across multiple views. To evaluate the proposed
framework, we will conduct experiments on various primate datasets to compare our model to existing
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benchmarks, and we will test our framework on a curated dataset with different environmental and lighting
conditions to show that our framework can generalize across different environmental conditions, field sites,
seasons, time of day, and primate groups.

Error Cancellation in Analog Quantum Simulations
Yiyi Cai
Mentors: John Preskill and Yu Tong

While fully fault-tolerant quantum computers are still work in progress, analog quantum simulators are projected to
be able to solve relevant problems in many-body physics in the near term. However, the presence of noise
introduces challenges in determining the extent of analog quantum simulator’s advantages with respect to classical
computers. In our work, we consider an error model in which the actual Hamiltonian differs from the target
Hamiltonian to simulate by small local perturbations, which are assumed to be random and unbiased. We analyze
the error accumulated in observables in such a setting and show that due to stochastic error cancellation, the error
scales with the square root of the number of qubits instead of linear. We explore the concentration of such error as
well as its implication for local observables in the thermodynamic limit.

Randomized Algorithms for Efficient Tensor Network Contraction
Chris Camafio
Mentors: Joel Tropp and Ethan Epperly

The contraction of tensor networks is a crucial computational issue in various fields of quantum physics, including
quantum information theory and condensed matter physics. As network complexity increases, many iterative
algorithms become inefficient and prohibitively expensive. In response to this challenge, we introduce a novel
randomized algorithm for contracting high-rank MPO and MPS tensor networks. Our algorithm uses a randomized
sketch, represented as a random tensor embedding, to reduce computational overhead in complex networks while
maintaining accuracy consistent with traditional non-randomized methods. By leveraging random sampling and
decomposition, our approach avoids exhaustive computations and provides efficient tensor contraction
approximations. We demonstrate the utility of our algorithm through numerical experiments, specifically focusing
on power iteration for ground state identification and Hamiltonian time evolution.

Joint Reconstruction-Segmentation Using the Bhattacharyya Coefficient
John Z. Cao
Mentors: Franca Hoffmann and Jeremy Budd

The practical application of image segmentation is often accompanied by the problem of noisy, distorted images.
Traditional sequential methods suffer from the loss of segmentation-relevant information after reconstruction is
performed, while contemporary learning-based methods are often hard to explain and do not give an explicit
reconstruction of the image. Joint reconstruction-segmentation is a recent approach to overcome these difficulties,
performing both tasks at the same time, using one to guide the other. In this project, we implement joint
reconstruction-segmentation using the gradient flow stemming from the Bhattacharyya coefficient. Specifically, we
model the segmentation as the variational problem of maximizing the distance between two probability
distributions, one associated with the object to be segmented and the other with the image background. We model
the reconstruction as the inverse problem of recovering the image from an indirect observation, under the
constraint of respecting the previous segmentation. We test the efficiency of our algorithm on medical images
provided by the Memorial Sloan Kettering Cancer Center.

Performance Testing for IceCube-Gen2 Upgrade's Long Optical Module for Astrophysical Neutrino
Detection and Resolution

Chi Cap

Mentors: Chris Wendt and Ryan Patterson

The IceCube Neutrino Observatory (IceCube), located at the South Pole, utilizes glacial ice as a Cherenkov medium
to detect secondary particles produced by astrophysical neutrino collision with the ice using optical sensors. The
newly developed Long Optical Modules (LOMs) is part of the IceCube-Gen2 Upgrade, which aims to increase the
sensitivity and detection rate of IceCube. The LOMs is designed to have the same effective area as previous
modules (DOMs) and at the same time are four times more sensitive. The LOMs are comprised of 14 or 16
subassemblies of photomultiplier tube (PMT) and its data acquisition base (wuBase). The goal of this project is to
design a streamlined PMT-and-wuBase sub-assembly testing procedure, define pass-fail operational criteria to
determine whether the sub-assembly can be placed in the LOM, and setting up the testing environment. The
procedure will identify the operational parameters for a subassembly detecting single photoelectron (SPE), its SPE
time- and waveform- resolution, the dark noise characteristics, and its multiple photoelectrons (MPE) resolution
and dynamic range. It is anticipated that about 200 sub-assemblies will be tested for the upcoming IceCube-
Upgrade launch. With the procedure, we are expected to find the ideal operational parameters for individual
subassembly and assess other pass-fail criteria. This allows us to identify nonfunctional subassemblies with
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anomaly that will affect their data-taking ability and learn about the operational and dynamic range of the
subassemblies.

Mechanical Modes in Tethered and Freely Accelerated Lightsails
Luis Carretero Lopez
Mentors: Harry A. Atwater, Lior Michaeli, and Ramon Gao

Laser-driven lightsails represent a cornerstone of interstellar exploration as envisioned by the Breakthrough
Starshot initiative. Understanding the emergence and evolution of mechanical modes excited by the driving laser in
such freely accelerated membranes is crucial to assess structural and beam-riding stability. Vibrational modes offer
insights into complex mechanical systems, and can be analyzed in stationary membranes and compared those in
accelerated lightsails. Two types of numerical mass-spring models were implemented in MATLAB to simulate and
visualize the dynamics and mechanics of ring-supported lightsail membranes. In the linear model, simulated modes
match analytical predictions, but challenges arise due to the lightsail’'s extreme aspect ratio (subwavelength thick,
yet meter-sized) and large optical forces, particularly in the limit of zero tension. In comparison, the geometrically
nonlinear model takes into account pretension, arbitrary orientation and large shape deformations, resulting in
more realistic mechanical and dynamical representation of lightsails. Bridging the linear and nonlinear regime with
my modelling approach establishes the framework for comparative modal analysis to deduce what one could infer
from experiments on tethered lightsails in the laboratory about the structural dynamics of freely accelerated
lightsails in space.

Radiative-Convective Equilibrium in the CIiMA Model for Climate Sensitivity Analysis
Etienne Casanova
Mentors: Tapio Schneider, Zhaoyi Shen, and Dennis Yatunin

Radiative-convective equilibrium, the balance between incoming radiation absorbed by Earth and the outgoing
radiation emitted to space with a convective heat adjustment, can be very insightful when it comes to analyzing the
climate’s sensitivity to greenhouse gases. CliMA has been working on implementing cloud processes inside the
atmospheric model, which would allow the convective adjustment of radiative-convective equilibrium to be
possible. My project is to implement radiative-convective equilibrium inside the CIiMA atmosphere model codebase
in single column models and analyze how changes in greenhouse gas concentrations affect the atmosphere. I did
this by prognostically calculating surface temperature at every time step, updating the state of the surface model,
and feeding that surface temperature back into other components of the model to allow for coupling between
surface temperature and atmospheric processes. I then altered the general atmospheric model to support
prognostic surface temperature feedback in any given simulation. Finally, I conducted simulations with varying
greenhouse gas concentrations and analyzed their effect on surface and air temperature.

Identifying Fast X-Ray Transients Over 11 Years of NuSTAR Data
Joahan Castaneda Jaimes
Mentors: Fiona Harrison and Murray Brightman

Fast X-ray transients (FXRTs) are astrophysical sources such as gamma ray bursts, stellar flares, and X-ray binaries
which emit an outburst of X-ray emission and have characteristic timescales of a few thousand kiloseconds or less.
The luminosity-duration phase space for X-ray transients (XRTs) is not as well explored for FXRTs as for XRTs of
longer characteristic timescales. We perform a search on the past 11 years of data collected by the Nuclear
Spectroscopic Telescope Array to identify FXRTs of characteristic timescales ranging from a few hundred seconds to
five kiloseconds. We provide an upper bound on the number of potential FXRT candidates within the 11 years of
NuSTAR data provided and present a final catalog of FXRT candidates with preliminary light curves, spectra, and
image files.

Transforming Metal-Organic Materials Into Wide Band Gap Semiconductors and Metals by Using
Direct Write Electron Beam Lithography

David. A. Castillo Lozada

Mentors: Axel Scherer and Scott Lewis

The ability to write structures at the nanoscale using lithography underpins all modern society. The electronic
devices we take for granted contain integrated circuits, and the key component of those circuits are field-effect
transistors (FETs). They have reduced in size by a factor of two every two years for over fifty years, following
“Moore’s Law”. The roadmap for the electronics industry now assumes that this constant reduction of size will
continue — at least until the mid-2020s!. However, there is a significant challenge immediately ahead because to
produce the latest microprocessor requires approximately 60 photomasks to fabricate each layer in the device.
Unfortunately, to produce this, multiple materials and multiple processing steps are required and these are subject
to failure. To alleviate this issue, we describe how metal-organic materials can be transformed from a highly
insulating materials to produce a semiconductors and metals using an electron beam. This is of particular interest
because it demonstrates that active semiconductor devices such as field effect transistors can be simple to produce
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with no photomasks or etching steps or impurity doping being required, which inherently drives the manufacturing
cost’s down while increasing the throughput.

Development of a Propulsive Vertical Landing Vehicle
Enzo Celis
Mentors: Morteza Gharib and Jack Caldwell

In recent years, private space launch vehicle companies have developed propulsive vertical landing technology,
allowing rockets to return in more reusable conditions, leading to reduced costs and increased launch frequency.
However, there is much to explore regarding the control schemes behind vertical landers and their limitations in
adverse wind conditions. For the Graduate Aerospace Laboratories (GALCIT) to conduct experimental research on
these topics, this project is dedicated to developing a proof-of-concept cold gas vertical landing vehicle,
implementing its preliminary control scheme, and verifying its functionality. Our work has shown that cold gas,
despite its low specific impulse, produces sufficient thrust for powering a descent-controlling main nozzle and
attitude-controlling RCS nozzles. Our pneumatic circuitry design also circumvents flow limitations imposed by
commercial off-the-shelf components and delivers throttling capability to our main nozzle to more closely replicate
true vertical landing vehicles. Future work includes implementation of a PID loop that controls RCS actuation and
benchtop testing to verify its functionality. Final demonstrations in an aerodrome will provide full-system reliability
confidence and testing against a wind maker that emulates shear wind patterns at flight-realistic Reynolds numbers
will provide insight on the limitations of these systems.

First Principles Calculation of Spin Spectra of Magnetic Systems
Shashwat Chakraborty
Mentors: Marco Bernardi and Khoa B. Le

First-principles calculations of material properties have always been crucial to scientific research. Computationally
solving the Schrédinger equation to explain the behavior of electrons and various quasiparticle interactions in
materials provides novel insights at the micro- and even nano-scales. Magnetic systems are in the limelight in the
current condensed matter physics scenario. Consequently, the field of magnonics has gained significant attention
from the quantum materials community. Therefore, developing a solid framework for analyzing the spin spectra of
magnetic systems is of crucial importance. One of the most widely used tools for magnon dispersion computation is
the SpinW library, based on the Linear Spin Wave Theory (LSWT) for quantum Heisenberg Hamiltonians. In this
work, we calculate the magnon dispersion of a Manganese Phosphorus Sulfide, a 2D antiferromagnetic material
using spin-polarized Density Functional calculations and the Bethe Salpeter equation. We also match the
dispersions obtained using first-principles calculations, LSWT calculations, and Neutron scattering fit.

Retrieval-Augmented Theorem Proving in Lean
Rahul Chalamala
Mentors: Anima Anandkumar and Kaiyu Yang

Formal theorem proving is essential for mathematicians to write complex proofs without error. Automated theorem
provers (ATPs) allow us to augment formal theorem proving with a learning-based approach. To the best of our
knowledge, all state-of-the-art large language model (LLM) ATPs are closed-source or require unreasonable
compute power. Our prior work released an open-source theorem proving dataset and ATP (trained with 120 GPU
hours) to allow mathematicians and other community members access to a strong prover. After a successful
release, we strengthened the ATP using LLMs trained on code dataset