
9:45 AM Opening Remarks 
                  Yiluo Li and Mark Srednicki 
————————————————————————————- 
9:50 AM  Menghang (David) Wang (Physics) 
11:00 AM    Mentors Frédéric Gibou and Pouria A. Mistani  (ME) 

The influence of galaxy cluster environment on the kinematics of 
the stripped globular clusters 
Globular clusters (GCs) contain relic information about the star formation history of their host 
galaxies. However, the development of a theoretical model for formation, evolution and disruption 
of GCs in a cosmological context is still at its infancy. Lack of a theoretical model to relate kine-
matics and distribution of the intracluster GCs to the underlying environmental processes in the 
history of the galaxy cluster has become a pressing issue in observational astrophysics in recent 
years. This is particularly due to the observation of tens of thousands of GCs in the intracluster 
environment of the Virgo as well as Coma galaxy clusters. In the post- processing of IllustrisTNG, 
the most recent cosmological and magneto-hydrodynamical simulation, we implemented theoreti-
cal models of formation and disruption of the intracluster GCs generated in dwarf elliptical gal-
axies (dEs), which are the most abundant galaxies in cluster environments. By implementing dark 
matter particle-tagging scheme, we obtained the kinematics and distribution of stripped GCs 
around dEs at z = 0. Then, we retained the origin imprinted in these GCs’ phase-space properties 
(positions and velocities) which could be used to design observational strategies to identify the 
full population of native GCs born in dE galaxies. 

10:03 AM  Jason Corbin (Physics) 
 11:00 AM   Mentors Ben Mazin and Sarah Steiger  (Physics) 

Conditioning Substrates to Improve Microwave Kinetic Induc-
tance Detectors for Exoplanet Imaging 
Exoplanets - planets orbiting around stars other than our sun - have so far largely been discovered 
by observing host stars rather than the planet itself.  To directly image these planets and obtain 
direct information on their orbital parameters and spectra, increasingly powerful astrophysical 
detectors are needed.  Microwave Kinetic Inductance Detectors (MKIDs) are a promising candi-
date for the future of exoplanet searches, as they offer energy and arrival time information on a 
photon with no dark current.  Currently, these detectors are limited by noise arising from defects 
at the interface between the metals composing the detector and the substrate on which they lie.  
This talk will discuss the relative benefits of an in-situ oxygen clean and high temperature anneal 
of the substrate in producing high quality factor, low noise MKIDs. 

10:16 AM  Meredith Neyer (Physics) 
1111: AM    Mentors Peng Oh and Cameron Liang (Physics) 

Constraining Metallicity Using Circumgalactic Absorption 
Determining the chemical makeup and structure of galaxies is critical for understanding galactic 
formation and evolution. We aim to study gas enrichment by constraining the metallicity, or the 
relative quantity of metals (elements heavier than helium) with respect to hydrogen, of the cir-
cumgalactic medium (CGM) of five disk galaxies. The CGM is the halo of diffuse gas outside the 
visible region of a galaxy. The CGM is nearly impossible to detect through emission, so we use 
absorption spectra from the sightline of background quasars through the CGM of foreground 
galaxies. By implementing Bayesian Markov chain Monte Carlo fitting to determine physical 
parameters from the spectrum, we hope to find the metallicity and explore relationships between 
metallicity and the probed location in the CGM to compare with our current expectations for 
galactic processes. 

10:29 AM  Sarah Polizzotto (Physics) 
11:00 AM    Mentors Crystal Martin and Stephanie Ho (Physics) 
Establishing a HeII-Ionizing Photons to Stellar Mass Ratio in Met-
al-Poor Galaxies 
Stars of typical metallicity do not emit enough energetic photons to account for the observed HeII 
4686 A recombination line in young, low metallicity galaxies. One possible explanation for the 
presence of these ionizing photons is the presence of x-ray binaries within these galaxies. In order 
to determine the plausibility of such stellar population models, we measure the mass and age of 
several low metallicity galaxies selected by their unusually bright emission lines. Currently, we 
have completed the measurements of the dwarf galaxy J024815.93-081716.5, which we compare 
to those of Corbin et al. (2006). 

10:50 AM  Alexander Bevier (Physics) 
11:00 AM   Mentors Deborah Fygenson and Nathaniel Conrad (Physics) 

Engineering A Smart DNA Gel 
A “smart” material is a tailored material that can reliably change its bulk properties in a pro-
grammed way when an internal or external stimuli is present. DNA is a great building material to 
engineer a smart material because it can be programmed to self-assemble networks with tailored 
properties that can be switched off or on via temperature or salt. Here, we use programmable 
DNA structures known as DNA nanostars (DNAns), which are star-like structures designed to 
have a specific number of arms, or valence, emanating from a flexible junction. Further, at the end 
of a DNAns arm is a single stranded DNA sequence, called a sticky end, that permits DNAns-
DNAns interaction. Through engineering of sticky end design and valence, a DNAns network can 
be reversibly switched from being a hard and brittle network at a high temperature (≈35oC) to a 
soft and flexible network at a low temperature (≈20oC). Here, we report on a series of bulk rheol-
ogy experiments which demonstrate the ability to program this mechanical switch in a DNAns 
network 

11:03 AM  Heitor Megale (Physics) 
11:00 AM   Mentors Sebastian Streichan and Eyal Karzbrun (Physics) 

Cell cycle dynamics in stem-cell micro-patterns 
Embryonic morphogenesis relies on the precise timing of the cell cycle to control proliferation 
and differentiation. However, it is not clear how the cell cycle is communicated across the tissue 
scale, to coordinate growth and control shape. The cells undergoing the cycle can be modeled as 
coupled oscillators, and analogous to those, we have observed global synchronization as well as 
other coupled modes. In my research, I have combined experiments and modelling to study and 
characterize the spatiotemporal dynamics of cell cycle indicators in human stem cells. By devel-
oping a finer model of the cycle, we have the ability to study phenomena like cell cycle syn-
chrony, variations due to cell differentiation and diseases related to errors in the cell cycle. Using 
micropatterning techniques also allow us to examine the role of geometry and boundary condi-
tions on cell cycle dynamics.  

11:16 AM  Isaac Boris Breinyn (Physics) 
 11:00 AM   Mentors Sebastian Streichan and Noah Mitchell   (Physics) 

Extracting geometric properties of the fruit fly gut using machine 
learning 
Biology provides a diverse array of structural forms-- from wrinkled flower petals to chambered 
hearts-- that have long been studied and documented. Whereas the role of genetics in these forms 
is well understood, the physics behind their development is not. We aim to understand the physics 
of organogenesis by studying the relationship between initial geometry and final organ shape. The 
midgut of the fruit fly Drosophila melanogaster provides a favorable model system because it 
evolves from a simple shape—a tube—into a sequence of folded compartments. Drosophila are 
also well understood genetically, and by manipulating their gene expressions, we can tune certain 
initial parameters of the embryo midgut. The goal of my project is to extract the geometric fea-
tures of this dynamic system to understand the mechanics of the folding process. In particular, I 
will measure the surface area, volume, and thickness profile of the gut. This will be done in two 
parts. Firstly, 3D microscopy data of developing embryos will be fed through a data reduction 
pipeline developed in the Streichan Lab to extract the evolving surfaces of the gut epithelium. 
Subsequently, these surfaces will be analyzed using custom software to extract the respective 
geometric features. In preliminary measurements, the ratio of surface area to volume in the 
Drosophila gut increases drastically during development. This is due to the rapid elongation of the 
tissue while volume remains relatively constant. By perturbing this ratio, we will investigate 
whether it is an important factor in the folding process. The thickness profile of the gut will be 
used in the formulation of a model of the gut’s folding. 

11:29 AM  Mark Zhao (Physics) 
1111:  Mentors Omar Saleh (Materials) 

Microrheology of DNA Nanostar Condensates by Optical Trapping 
The physics behind liquid-liquid phase separation (LLPS) is believed to govern the automatic 
formation and partition of membraneless organelles, such as nucleoli, in cells. The multi-armed, 
self-assembled DNA nanostar (NS) particles, which form droplet-like condensates under well-
characterized basepairing interactions, serve as a great system for probing into the behaviors of 
LLPS. Here we follow an innovative microrheology method to study the rheology of NS droplets 
using optical trapping. We build a dual-beam optical tweezers that is able to periodically deform 
the droplets one at a time, where two micron-sized beads adhered on the opposite sides of the 
droplet are steered via two controllable, highly-focused laser beams. By mathematical analysis of 
the oscillatory droplet deformation data, we gain understandings on the salt-dependent surface 
tension and other material properties of the NS system.  

11:55 AM  Patrick Tran (Physics) 
1111:  Mentors Paul Atzberger (Mathematics) 

Role of Geometry in Brownian Motions within Curved Surfaces: 
Application to Protein Kinetics within Lipid Bilayer Membranes 
Motivated by problems arising in the biological sciences, such as protein diffusion within curved 
lipid bilayer membranes, and related problems such as the motions of synthetic colloids within 
fluid interfaces, we develop approaches for studying the influence of geometry on kinetics.  We 
develop theoretical descriptions and practical numerical methods for investigating Brownian 
motions within two-manifolds to capture both the drift and diffusive motions of individual parti-
cles and collective behaviors.  We utilize results from the theory of Markov Chains and stochastic 
analysis to develop effective methods for computing first passage times and related statistics 
taking into account geometry.  We demonstrate our approaches by studying the role of geometry 
on models toward better understanding protein kinetics within neuronal dendritic spines.  

12:08 PM  Sven Witthaus (Physics) 
1111:  Mentors Zvonimir Dogic and Itamar Kolvin (Physics) 
Active Stresses in Two-Phase Microtubule Systems 
Understanding the dynamics of cells and tissues is difficult because of their inherent complexity. 
It is, thus, advantageous to study simplified model systems, composed of a few cellular building 
blocks, which allow for complete control of experimental conditions. I will discuss a system that 
combines microtubules (MTs), microscopic rods that constitute the skeleton of cells, kinesin 
motors, proteins that walk on MTs, and ATP molecules that power the kinesin motors. Polymers 
added to the system exert attractive depletion forces on the MTs, causing them to form bundles. 
The bundles then extend, break up and reform, as kinesin motors generate relative MT sliding, 
making the system a non-equilibrium active gel. We are currently exploring ways to combine the 
MT-kinesin active gels with dextran and polyethylene glycol (PEG), polymers that undergo phase 
separation in aqueous solutions. 
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We plan to reconstitute the active gels in one of the phases, and bring it into contact with its 
counterpart non-active phase. The interfacial tension in dextran-PEG two-phase systems is of the 
same order of magnitude as the stress generated by active gels. Hopefully, imaging the deforma-
tions of the interface between an active phase and a passive phase will allow us to probe the 
minute stresses produced in active gels, and lead us to a better understanding of their motion. 

12:21 PM  Zipeng Wang (Physics) 
11:00 AM Mentors Jean Carlson, Eric Jones, Josh Mueller (Physics) 

Control of steady state outcomes with deliberate parameter per-
turbations in generalized Lotka-Volterra systems 
The composition of the gut microbiome significantly impacts human health. The generalized 
Lotka-Volterra equations (gLV) can be used to model the interaction between microbial communi-
ties in the gut microbiome. We develop a method that can convert an unhealthy microbiome 
composition into a healthy one by deliberately perturbing the ecological landscape that governs 
microbiome dynamics. To do this, we generate a two-dimensional approximation of the gLV 
system by using the dimensionality-reduction technique steady-state reduction (SSR). We demon-
strate a correspondence between the outcomes of the high- and low-dimensional gLV systems, 
and show that small and temporary parameter changes, which could correspond to dietary or 
therapeutic interventions, can result in a desired change in the system behavior. 

————————— LUNCH 12:35 - 1:30—————————— 

1:30 PM  Amalu Shimamura (Physics) 
11:00 AM Mentors Clint Schow, Junqian Liu, and Takako Hirokawa  (ECE) 

Multi-mode Interferometer Waveguide for InP Coherent Receiver 
Growth in data-centers such as Google and Facebook has created demands for energy efficient for 
faster data transmission. Fiber-optic communication is a practical solution due to its lower energy 
loss and lack of electrical interference when compared to traditional copper-based transmission 
lines. Additionally, such system are also known for its phase modulation schemes which are 
known for its higher spectral efficiency and signal to noise ratio when compared to other modula-
tion formats. For this work, 90-degree hybrids based on multi-mode interferometers (MMI) were 
tested in simulated for integration with these systems due to its design simplicity and fabrication 
robustness. 

1:43 PM  Weiheng Fu (Physics) 
11:00 A     Mentors Ram Seshadri and Joshua Bocarsly (MRL) 

Experimental Investigation of magnetocaloric effects in Cr2Te3 and 
Cr3Te4 
Magnetic refrigeration, based on the magnetocaloric effect, is a proposed technology for building 
efficient and environmentally friendly refrigerators and air conditioners. Therefore, finding a 
cheap material with desired behavior is of vital concern. The Seshadri group has developed a 
computational "proxy" for the magnetocaloric effect, called magnetic deformation. This parameter 
is a measure of the strength of magnetostructural coupling and can be easily calculated using 
density functional theory (DFT). They used this proxy to screen known ferromagnets for potential 
magnetocaloric effect, providing 30 promising candidate materials to be further examined exper-
imentally. 
I have synthesized two of the proposed materials of the same family, Cr2Te3 and Cr2Te3, using 
solid state synthesis. Powder X-ray diffraction is then used to confirm the crystal structures. 
Moreover, a home-built device I helped construct over the past few months is used to characterize 
the adiabatic temperature change when the sample is suddenly put into a 2T permanent magnetic 
field. Future work would be synthesizing more materials on the list and using the device to search 
for suitable materials for magnetic refrigeration. 

1:56 PM  Xiaoyang Shi (Physics) 
11:00 A     Mentor Andrew Jayich (Physics) 
A High Frequency Linear Paul Trap for Sr+ 
Building up a high-frequency linear Paul trap for precision measurement. 

2:09 PM  Avery Haubert (Physics) 
11:00Mentors C.V. Ramana and Nivedita L. Raveendran  (ME, UT El Paso) 

Effect of Processing Conditions on the Structure, Morphology and 
Electrical Properties of Nanocrystalline Niobium Thin Films 
Niobium (Nb) thin films are widely studied due to their potential industrial and engineering 
applications in solar cells as buffer/contact layers and superconducting devices. We report on 
tailoring the physical and mechanical properties of nanoscale Nb thin films fabricated using rf 
magnetron sputtering with varying processing conditions. Optimized processing conditions are 
important to achieve device quality films. In this work, Nb thin films were fabricated on Si (100) 
with varying substrate temperatures (RT-700oC) and deposition pressures (3 – 25 mtorr). The 
films deposited at higher substrate temperature and lower pressure exhibited higher degree of 
crystallinity and electrical conductance. However, for a set of very thin Nb films (~25 nm), there 
was no significant variation in surface morphology with modification in deposition conditions. 
Optimum deposition conditions identified were used to deposit Nb films with variable thickness 
(25-150 nm). A detailed investigation is made to understand the effect of processing conditions 
and film thickness on the structural and electrical properties of sputter-deposited Nb films. 

2:22 PM  Umut C. Oktem (Physics) 
11:00 A     Mentors Nathaniel Craig and Seth Koren (Physics) 

Exotic Higgs Production at the LHC 
Despite its tremendous success, the Standard Model of Particle Physics has multiple deficiencies. 
It doesn’t explain some observed phenomenon such as dark matter, dark energy, and neutrino 
oscillations. Additionally, it is hard to make sense of some of its parameters, such as the sixteen 
orders of magnitude difference between the Higgs mass and the Planck mass. These deficiencies 
have motivated the search for Physics Beyond the Standard Model, BSM for short. There has 
been countless BSM models proposed but none of them have been confirmed. Our project is 
aimed at using the recently discovered Higgs boson to help look for signs of BSM Physics. We 
study model independent extensions of the Standard Model, and using Effective Field Theory 
(EFT) methods, we make a comprehensive list of phenomenologically interesting BSM-Higgs 
interactions. This allows us to figure out the new particle models that have the highest effect on 

LHC Higgs production. We then run Monte Carlo simulations of these interactions to quantify the 
corresponding signals that we should expect to see in the LHC. We put constraints on the BSM 
parameters involved in these interactions (new particle masses and interaction strength) by com-
bining the results of the simulations with data from existing LHC Higgs searches. This work will 
allow us to systematically put bounds on the BSM parameter space as well as offer new Higgs 
searches to experimentalists if it turns out interesting signals have not been searched for yet. 

2:35 PM  Rex Bai (Physics) 
11:00 A     Mentors Andrea Young and Fangyuan Yang (Physics) 

Measuring entropy in graphene/BN heterostructure 
Non-Abelian anyon is being intensively studied for its potential to aid the development of quan-
tum computers. Theory predicts that such states would exist in even denominator filling factor 
within systems exhibiting Fractional Quantum Hall Effect, and it will have an observable entropy 
signature. In our experiment, we fabricate a graphene device with two monolayer graphene, and 
top and bottom gate, separated by BN insulating layers. We use one graphene layer with corbino 
contacts as a detecting layer to measure the change of chemical potential on the other layer. By 
tuning the gate voltage, we lock the graphene in a fractional quantum hall gap and measure ∂µ/∂T, 
which, along with Maxwell relation, can detect the change of entropy, and thus detect Non-
Abelian anyons should they emerge. The measurement is under way. 

————————— BREAK 2:48 - 3:00——————————— 

3:00 PM  Alvin J.R. Heng (Physics, NTU Singapore) 
11:00 A    Mentors Leon Balents and Anna Keselman  (Physics) 
Numerical studies of multi-magnon bound states in 1D antiferro-
magnetic spin chains 
Recent inelastic neutron scattering experiments on the 2D quantum antiferromagnet NaMnO2 
have revealed the existence of an unusual longitudinal spin excitation mode. This longitudinal 
mode is thought to be a 2-magnon bound state of opposite spin magnons, and a linear spin wave 
theory (LSWT) analysis was performed in the large S (spin) and small D (single ion anisotropy) 
limit. In our work, we look to extend the SWT analysis to more realistic S and D values via nu-
merical studies using the Density Matrix Renormalization Group (DMRG) method. We approxi-
mate the 2D S=2 Mn2+ spins by a 1D chain, owing to the weak interchain coupling, and make 
calculations of the magnon dispersions. We find that even with a simplified 1D approximation, the 
numerical results show better agreement with the experimental data than LSWT, and we are able 
to make more accurate predictions of the Hamiltonian parameters of the compound. 

3:13 PM  Sean Benevedes (Physics) 
11:00 A     Mentors Nathaniel Craig (Physics) 

Timing Methods in Long-Lived Particle Searches 
Many prospective theories of Beyond the Standard Model physics indicate the existence of new, 
long-lived particles (LLPs). Conventional search strategies designed for Standard Model (SM) 
particles are ineffective at detecting LLPs, so novel experimental techniques that exploit the 
unique properties of LLPs are required. In particular, LLPs typically take a few nanoseconds 
longer to reach the detectors than promptly decaying SM particles. This time delay signature can 
be used to suppress SM background and isolate the LLP signal. As such, we examine the timing 
capabilities of the proposed MIP Timing Detector at the upcoming High Luminosity Large 
Hadron Collider for LLP searches. Specifically, we consider a signal model in which the Higgs 
Boson decays to two LLPs, each decaying to SM jets. We find that the incorporation of a timing 
trigger strengthens current bounds on this process, and we hope to establish the effect of incorpo-
rating timing information without using a timing trigger. 

3:26 PM  Yuxuan Zhang (Physics) 
11:Mentors Andrea Young and Gregory Polshyn  (Physics) 
Strongly correlated electrons in moire heterostructure 
Many of the most spectacular phenomena in solid state physics—spanning magnetism, high 
temperature superconductivity, and fractionalization of charge—arise when material properties are 
dominated by the mutual interactions of electrons. I will describe experiments on moire het-
erostructures as a new platform for realizing and studying strongly correlated states. Moire super-
lattices arise when two crystalline materials—such as two graphene flakes—are stacked with a 
small mismatch in their alignment angles. Near the “magic” angle of 𝜃=1.1 degrees, the electronic 
structure of twisted bilayer graphene is described by nearly flat electronic bands, where Coulomb 
repulsion dominates to determine the electronic ground state. I will describe experiments in which 
we observed the emergence of ferromagnetism and quantized conductance in a twisted bilayer 
graphene/Boron Nitride heterostructure, adding a correlated state to the phase diagram. 

3:39 PM  Juan Lazaro (Physics) 
11:00 A     Mentors Joseph Incandela and Philip Masterson  (Physics) 
Light Dark Matter eXperiment 
This is a synopsis of the proposed Light Dark Matter eXperiment (LDMX). Light dark matter 
(LDM), which would have a mass between 1 MeV and 1 GeV, is motivated by the same thermal 
freeze-out mechanism as the popular weakly interacting massive particle (WIMP) model of dark 
matter. WIMPs would exist at a minimum mass of 2 GeV and should therefore be accessible to 
modern colliders. Due to the difficulty of reaching the required level of sensitivity, the sub-GeV 
mass range has remained largely unexplored. Because LDM would lie in the same mass range as 
many stable standard model particles and because of increasing null results in WIMP experiments, 
LDM is an increasingly exciting prospect which LDMX is prepared to investigate. Using an 
electron beam of 4-16 GeV directed at a fixed target, we aim to produce LDM by a dark 
bremsstrahlung process and subsequently use missing-energy and missing-momentum techniques 
to reconstruct information about the LDM itself. Other selected methods of background rejection 
include a recoil tracker, machine learning, MIP tracking, and a hadron veto calorimeter. It is this 
combination of the sensitivity offered by a missing-momentum approach and the background 
rejection capability of the detector that sets LDMX apart from past dark matter experiments. 


