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Welcome and Opening Remarks
Session 1
High Energy Theory/Particle Physics
9:15am Jordan Cory

(Reed)

9:00am – 9:10am

Prof. Volkmar Dierolf

9:10am – 10:00am
Chair: Prof. Sera Cremonini
Examining the Relationships between Charged
Particle Momentum and Centrality in OxygenOxygen Collisions using the STAR detector at
RHIC

Traditionally at the Soleniodal Tracker at RHIC (STAR) experiment,
centrality, a measure of impact parameter, is determined by using
mid-rapidity charged particle multiplicity. However, there is another
measure of centrality at forward rapidity. This paper observes how
the use of different centrality estimators effect the ratio of central to
peripheral momentum spectra of charged particles.
Page 1

9:30am Courage Lahban

(Reed)

Calculating Centrality Variables and Geometric Qualities
of High Energy Particles in Nuclear Collisions Using
Glauber Monte Carlo Model

In order to understand the nucleus-nucleus overlap in relativistic
heavy ion collisions, the Glauber Monte Carlo (GMC) is used to
simulate the collisions between the nucleons and the resulting
particle production. We use this approach to explore the collec-tive
number of incident nucleons that participate in a specific nuclear
interaction and the shape of the overlap between these nuclei. A
particle production model, negative binomial distribution (NBD) was
incorporated with the GMC as a measure for centrality to simulate
the production of charge particles for Au + Au and O + O ( √SNN
= 14.5 GeV and 200 GeV) respectively to the impact parameter.
The latter was directly compared with experi- mental data from the
Solenoidal Tracker at RHIC (STAR) to determine centrality based on
particle multiplicity at forward Pseudo rapidity (η). © 2021 The
Author(s)
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9:45am Alexander Cassem

(Cremonini)

Geometric Flows and the Swampland

Ricci flow is a geometric flow much like a vector flow,but used to
expand or contract geometric spaces to analyze their structure. We
review basic mathematical properties of Ricci flow and its analogies
with the heat equation, and examine how Ricci flow has been
applied to different areas in physics. We focus in particular on recent
string theory work that has utilized Ricci flow in the context of the
Swampland Program and the Distance Conjecture, which we review.
As a particular application, we explore whether such methods can be
extended to more general geometries and ask whether Ricci flow can
be used to obtain sharper criteria to distinguish the landscape from
the swampland.
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Session 2
Atomic Physics and Computational Methods
in Condensed Matter Physics
10:05am Kemal Aziz

(Ekuma)

10:00am – 10:35am
Chair: Prof. Ariel Sommer

Ab initio calculation of vibrational and electronic
properties of SnTe2

Using first-principles methods, we investigate the electronic and
vibrational properties of two-dimensional (2D) 1T-SnTe 2. Our
calculations show a zero-frequency gap due to the strong coupling of
optical and acoustic phonon modes. Our data further reveal low
phonon group velocities (~1150, 2900, 4980 m/s) and (~980, 2000,
3550 m/s) for the in-plane longitudinal (LA), in-plane transverse
(TA), and out-of-plane (ZA) modes along the and principal
directions, respectively. These properties suggest ultralow lattice
thermal conductivity and therefore, a potential thermoelectric
material.
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10:20 Cameron Brady

(Sommer)

Experimental Setup of Bias Coils for a Magneto-optical
Trap

The Magneto-Optical Trap incorporates magnetic fields and laser
cooling to create cold atoms that can be experimented on. To
construct this experimental setup the optics and magnetic fields need
to be carefully placed to achieve the correct conditions of the trap.
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BREAK

10:35am -10:50am

Session 3
Biophysics
10:55am Ryan Wong

10:50am – 11:50am
Chair: Prof. Honerkamp-Smith
(Ou-Yang)

Extracting Active Fluctuations from Microparticles in
Viscoelastic Media

Certain microscopic entities, such as motor proteins and
electrophoretic Janus particles, exhibit active motion when injected
with energy. During imaging, one can only measure their total
fluctuation, i.e., a combined distribution of random active and
Brownian constituents. Previously, Shen et al have successfully
extracted the active fluctuations of an optically trapped driven Janus
particle using a deconvolution method. To build on these results, we
seek to weakly confine electrophoretic Janus particles in viscoelastic
gels to directly image their trajectories and extract an active velocity
probability density function (PDF) from active and Brownian videos
at various AC electric field strengths. This study serves as a first step
toward generalizing our deconvolution method to microscopic
structures in a subcellular environment.
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11:10am Kunjal Dhanju

(Ou-Yang)

How can the COVID_19 Virus be Optically Trapped?
The proposed experiment aims to optically trap and increase the
concentration of 70nm COVID-19 virus particles using a single
laser. This mechanism has proven to be very difficult, as the virus is
about 14 times smaller by radius and its trapping power is
approximately 14^3 or ~3000 times weaker than the previously
trapped one micron particle by Ashkin et al. We were able to
successfully trap 100nm and 70nm polystyrene (PS) particles with
varying concentrations of
polyethylene glycol (PEG) polymer. Instead of PS particles, we seek
to determine and perfect a ratio of the concentrations of
COVID-19 virus to PEG to trap as many viruses as possible in the
optical tweezers.
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11:25am Adam Decker (Honerkamp-Smith)

Modeling the effects of Ergosterol on Yeast Poration
Using Giant Unilamellar Vesicles

Recent experiments suggest that ergosterol helps maintain membrane
stability in S. pombe spheroplasts undergoing osmotic stress. We
analyzed fluorescence microscopy movies of poration events in giant
unilamellar vesicles to determine the biophysical role of ergosterol in
cellular stress responses.
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11: 40am Jacob Was.

(Vavylonis)

Bringing Actin Monomers together with
Coarse-Grained Molecular Dynamics
We simulated a region of N-WASP with two WH2
domains and two actin monomers with coarse-grained
replica exchange molecular dynamics. We found that the
association of WH2 to actin monomers brings them
together in multiple binding states.
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Group Photo of REU Students / Advisors

11:55am – 12:15pm

Lunch

12:15pm – 1:00pm

Session 4
Experimental Condensed Matter Physics
/Optics
1:05pm Jacob Franklin

(Dierolf)

1:00pm – 2:05 pm
Chair: Prof. Michael Stavola
Influence of Glass Composition on LaserInduced Growth of Lithium Niobate Crystals
In Lithium Niobosilicate Glass

Lithium Niobosilicate Glass can be created using a range of
compositions with varying amounts of silica. Glass
compositions with higher amounts of silica are more stable
glasses, requiring a lower scan speed in order to achieve single
crystal growth.
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1:20 Alyssa Miller

(Biaggio)

Holographic Time of Flight investigation of Charge
Carrier Mobility in SPS

We characterize the charge carrier mobility in Sn2P2S6, tin
hypothiodiphospate, using a contactless holographic time of
flight method to study the diffusion of the photoexcited carriers
in different crystallographic directions.

1:35 Sarah McCusker

(Biaggio)

High Temperature Electric Field Poling of
Monolithic Small-Molecule Assemblies for
Electro-Optics

Page 21

We characterize electric-field induced molecular reorientation
in DDMEBT thin films using second-harmonic generation and
corona poling, investigating such aspects as poling
temperature, corona voltage, and relaxation dynamics at lower
temperature.
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1:50 Celeste Perez

(Stavola)

O-H Centers that Contain Si and Fe Impurities in
Ga2O3

OH-Si and OH-Fe complexes in Ga2O3 have been identified by
low-temperature, high-resolution infrared spectroscopy and
their microscopic properties have been investigated to show
that these defects contain a single H atom
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BREAK

2:05pm-2:15pm

Session 5.
Astrophysics
2:20pm Franklin Rosa

2:15pm – 2:50pm
Chair: Prof. Joshua Pepper
(Pepper)

Identifying Orbital Period for Exoplanet Transit
Candidate

The goal of this research is to combine the data obtained
from the K2 and TESS telescopes of the star EPIC
249223471 to examine the orbital period and radial velocity
of an exoplanet transit candidate. We measure the flux of
the candidate star over time, and determine the orbital
period. We also work with radial velocity data obtained
from the HARPS and FEROShigh-resolution spectrographs
to analyze the motion of the star and exoplanet.
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2:35pm Shania Wolf

(Pepper)

Kutztown University Observations of TESS
Planetary Candidates

The Transiting Exoplanet Survey Satellite (TESS) has
completed its mission to survey the sky for transiting
exoplanets. To date, it has discovered 4,349 planetary
candidates. These candidates require ground-based
follow-up observations to confirm the source and shape of
the transit signal due to blending caused by TESS’s widefield images. Ground-based observations of TESS planetary
candidates provide the necessary precision to determine an
exoplanetary transit from a false positive. Kutztown
University observed four such planetary candidates between
December 2020 and June 2021. We processed and analyzed
this data with AstroImage J to verify the transit or
determine a false positive. Of these, we
verify three likely exoplanetary transit signals and
one possible false positive.
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2:50 pm

CLOSING REMARKS and SEMINAR RAFFLE

Prof. Volkmar Dierolf

Examining the relationships between charged
particle momentum and centrality in
Oxygen-Oxygen collisions using the STAR
detector at RHIC
Jordan Cory1 , Dr. Anders Knopse2 , Dr. Rosi Reed2
1 Department

of Physics, Stevens Institute of Technology, 1 Castle Point Terrace, Hoboken, NJ 07030, USA
of Physics, Lehigh University, 27 Memorial Drive W, Bethlehem, PA 18015, USA
jcory1@stevens.edu

2 Department

Abstract:
Traditionally at the Soleniodal Tracker at RHIC (STAR) experiment,
centrality, a measure of impact parameter, is determined by using mid-rapidity charged
particle multiplicity. However, centrality can also be estimated using the multiplicity
measured at forward rapidity. This paper uses the 200 GeV Oxygen-Oxygen collision data
set to observe how the use of different centrality estimators affects the ratio of central to
peripheral momentum spectra of charged particles.

1.

Quark-Gluon Plasma

Quark-Gluon Plasma (QGP) is a relativistic hydrodynamic fluid created by the collision of heavy ions. This
medium is composed of quarks and gluons that are briefly no longer confined in hadrons, particles like protons and neutrons. QGP is very short-lived, so it is hard to study directly. During heavy ion collisions, high energy
partons, particles that make up hadrons, decay and radiate into a cone-shaped jets of hadrons and high-energy photons, which probe the region where QGP is created[1]. These jets lose significant amounts of energy when they
travel through the medium. By comparing the momentum of such jets from central collisions, where more QGP is
produced, to that of jets from peripheral collisions, the impact of QGP can be observed. This paper examines such
a comparison through two different measures of centrality.
2.

Measures of Centrality

Centrality is a function of impact parameter b, a measure of the transverse distance between the center of masses
of two colliding nuclei[1]. Central events have a small impact parameter, produce larger volumes of QGP and
produce a larger number of charged particles, while peripheral events have a large impact parameter, produce a
smaller volume of QGP and produce a smaller number of charged particles. Impact parameter is not a quantity that
can be measured in a experiment, so a computational model, the Glauber Model[2], is used to correlate the impact
parameter to a quantity that can be measured in a collision, such as reference multiplicity or EPD multiplicity.
At STAR, reference multiplicity is more commonly used as a centrality estimator. This quantifies the number of
charged particles detected by the Time Projection Chamber (TPC) placed at mid-rapidity, |η| < 1. The newer
measure of centrality, EPD multiplicity, measures the number of charged particles in the Event Plane Detector
(EPD) at forward rapidity, 2.1 < |η| < 5.1. There are other experiments, such as ALICE that primarily create their
centrality estimators at forward rapidity.
3.

Methods and Analysis

This analysis utilizes some of the 200 GeV Oxygen-Oxygen and 200 GeV Au+Au 2019 collision data from the
STAR experiment at RHIC. These energies refer to the center-of-momemtum energy per nucleon-nucleon pair.
The distributions of reference multiplicity and EPD multiplicity have quantiles to show where the most central
or peripheral events reside. This project denotes central events as events that have a 0 − 10% centrality, and
peripheral events having a 60 − 80% centrality. Each set of momentum distributions, central or peripheral, by
reference multiplicity or EPD multiplicity, was scaled by the number of events and d pT , or bin width. Then,
for each measure of centrality, the central momentum distributions were divided by the peripheral momentum
distributions. These plots were further scaled by track efficiency. These efficiencies were taken from a separate
calculation for Isobar efficiency.

1

Fig. 1: Ratio of Momentum by Reference Multiplicity and EPD Multiplicity for O+O (left) and Au+Au(right)

The figure above displays the ratio of the central momentum distributions to the peripheral momentum distributions. The black plot uses reference multiplicity as the measure of centrality, where the pink plot uses EPD
multiplicity as a measure of centrality. If this project were to be continued, these plots would be further scaled by
the number of binary collisions, making them into an RCP plot. It is interesting to note the separation between
these two plots for the O-O data. Comparatively, the Au+Au momentum ratios do not show much dependency on
the centrality estimator used. This is possibly due to the size of the system, as the Au+Au system has many more
colliding nulceons than the O+O system. Figure 2 below sheds some insight into what causes this separation in
the O+O collisions.

Fig. 2: pT by Reference Multiplicity over pT by EPD multiplicity for central and peripheral events
The left plot above shows central momentum distributions determined by reference multiplicity over those
determined by EPD multiplicity. The increase in this plot shows that central momentum distributions as determined
by reference multiplicity have a higher momentum then those selected by EPD multiplicity. The opposite is true
for the right plot, which shows peripheral momentum selected by reference multiplicity over those selected by
EPD multiplicity. Both of these factors combine to create a momentum ratio plot that has a greater value when the
events are selected by reference multiplicity than a plot where the events are selected by EPD multiplicity.
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[1]

Wit Busza, Krishna Rajagopal, and Wilke van der Schee. “Heavy Ion Collisions: The Big Picture and the
Big Questions”. In: Annual Review of Nuclear and Particle Science 68.1 (Oct. 2018), pp. 339–376. ISSN:
1545-4134. DOI: 10.1146/annurev-nucl-101917-020852.

[2]

Michael L. Miller et al. “Glauber Modeling in High-Energy Nuclear Collisions”. In: Annual Review of Nuclear and Particle Science 57.1 (Nov. 2007), pp. 205–243. ISSN: 1545-4134. DOI: 10.1146/annurev.
nucl.57.090506.123020.

2

Calculating Centrality and Geometric Quantities
of High Energy Particles in Nuclear Collisions
Using the Glauber Monte Carlo Model
Courage Lahban
Rosi Reed Ph.D, Anders Knospe Ph.D, Relativistic Heavy Ion Group, Lehigh University

Abstract: In order to understand the nucleus-nucleus overlap in relativistic heavy ion
collisions, the Glauber Monte Carlo (GMC) is used to simulate the collisions between the
nucleons and the resulting particle production. We use this approach to explore the collective number of incident nucleons that participate in a specific nuclear interaction and the
shape of the overlap between these nuclei. A particle production model, negative binomial
distribution (NBD) was incorporated with the GMC as a measure
√ for centrality to simulate
the production of charge particles for Au + Au and O + O ( SNN = 14.5 GeV and 200
GeV) respectively to the impact parameter. The latter was directly compared with experimental data from the Solenoidal Tracker at RHIC (STAR) to determine centrality based on
particle multiplicity at forward Pseudo rapidity (η). © 2021 The Author(s)

1.

Introduction

The study of relativistic heavy-ion collisions will allow us to examine the fundamental properties of the ultradense state of matter Quark Gluon Plasma (QGP) and its relationship to nuclei matter in Quantum Chromodynamics (QCD). In relativistic collisions of heavy-ions, a droplet of matter is produced at very hot temperatures so the
protons and neutrons melt and the quarks and gluons are no longer confined. Studying the QGP allows us to understand QCD at high temperature and energy densities as many effects depend on the volume of the overlap region
(as defined by the nucleon-nucleon collisions). This can be done with a Glauber Monte Carlo model convoluted
with a negative binomial distribution to simulate the charged particle production versus impact parameter.

√
Fig. 1. GMC event for (Au+Au at sNN = 14.5GeV with impact parameter b = 8.28 fm). Fig (a) show
√
the transverse plane and (b) along the beam axis. nucleons are drawn with radius = σNN inel /π/2.
Participants are red and yellow; spectators are blue and green.
When two nuclei collide head-on, thousands of particles are created. In order to characterize the overlapping
nuclei of the collisions, we want to know how many of these nucleons are involved in each sample of selected
collisions. This is done by determining centrality, which is the percentage of the cross section at a given impact
parameter
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2.

Methods.

We use a theoretical technique (GMC) which considers the multiple scattering of nucleons in nuclear targets [1] to
estimate geometric quantities from experimental data. A series of nuclei collisions of different impact parameters
(b) were generated, where for each collision, the distribution of nucleons within the nuclei was determined using
a Wood-Saxon distribution. The number of binary nucleon collision (Ncoll ) and the number of participants (N part )
were determined for each simulated collision. A particle production model, negative binomial distribution (NBD)
was incorporated with the GMC to simulate the production of charge particles with respect to the impact parameter.
We use charge particle multiplicity from STAR (dNch/dη at mid rapidity where η = 0 and about ±30 degrees from
perpendicular to the beam line). and signals from the Event Plant Detector at the STAR (EPD).

dN
= N pp [(1 − x)N part + xNcoll ]
dη

Γ(k + n)
(µ/k)n
.
k!Γ(n) (1 + µ/k)n + k

where µ and k represent parameters for the gamma function
Since Npart, Ncoll and b cannot be measured experimentally, the GMC simulation was used to directly compare
with the experimental data. Centrality was then calculated at (η) using a negative binomial distribution. The results
from each collision are divided into fractions of the total integral of the calculated centrality distribution. We use
cuts to divide the particle multiplicity integral to percentiles of 10% per increment (for 197Au + 197Au and 16 O
+ 16O data from STAR). 0% representing the most central overlaps and 100% corresponding to most peripheral.
3.

Results

The results show that number of participants and number of binary nuclei collisions (Npart and Ncoll ) have a
positive correlation. This is expected as larger number of interacting nucleons result in greater number of nucleonnucleon collisions. On the other hand, Npart and Ncoll have a negative correlation with impact parameter b. The
impact parameter represents the offset between two centers of colliding nuclei and event by event fluctuations of
these quantities in the GMC. Smaller b values that correspond to more central events are expected to have larger
multiplicity at mid rabidity. Towards the beam, the spectator nucleons become fewer. At Larger b events (peripheral) we expect low multiplicity towards mid rapidity and increase in number of spectator nucleons. We observed
very peripheral collisions, which indicate higher variations in the shape of the overlap from the experimental data.
4.

Conclusion

These calculations are important in knowing the momentum distributions for the total charged particles produced
and to later determined eccentricity which is useful for measuring the shape of various collisions across different
event classes and elliptic flow of ion mesons. Heavy ion mesons hold relevant information on the initial conditions of collisions which are relevant to the study of Quarks in hydrodynamics. In addition, quarks and gluons
are thought to be produced during these relativistic heavy ion collisions. Using the Glauber model, we outline
and compare important features in relativistic heavy ion collisions. The study of charge particle interaction also
provides and understanding on the behavior of active nuclei of particles.
References
1. M. L. Miller, K. Reygers, S. J. Sanders, and P. Steinberg. Glauber modeling in high energy nuclear collisions. Ann.
Rev. Nucl. Part. Sci., 57:205–243, 2007.
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Geometric Flows and The Swampland
Alexander Cassem1, γ and Sera Cremonini2
1 Department

of Physics, Winona State University, Winona MN, 55987
of Physics, Lehigh University, Bethlehem PA, 18015

2 Department

γ acassem16@winona.edu

The Ricci flow is a geometric flow much like a vector flow, but used to expand or contract geometric spaces
to analyze their structure. We review basic mathematical properties of Ricci flow and its analogies with the heat
equation, and examine how Ricci flow has been applied to different areas in physics. We focus in particular on
recent string theory work that has utilized Ricci flow in the context of the Swampland Program and the Distance
Conjecture, which we review. As a particular application, we explore whether such methods can be extended
to more general geometries and ask whether Ricci flow can be used to obtain sharper criteria to distinguish the
Landscape from the Swampland.
1.

Review of Geometric Flows

1.1.

What Constitutes a Geometric Flow?

Recall from multivariable calculus that the following operations, gradient and divergence, create vector flows.
However, a geometric flow takes these concepts, and upgrades them by allowing them to operate on the entire
geometric space, or manifold, itself. This evolves as either contractions or expansions of the geometry. A geometric
flow with some operator L given by ∂t u = Lu is interpreted as a flow if L satisfies the following:
• A linear operator on states.
• An elliptic operator; meaning that if Lu = ∑i ai (x)∂ i u, then for every xi ∈ Rn , and every non-zero ξ ∈ Rn
they obey:∑i ai (x)ξ i 6= 0.
1.2.

The Ricci Flow
Above, we defined geometric flows for a PDE, which is on a Euclidean manifold. However they are extended in general. For Ricci flow, the PDE is a tensor
equation, and we are on a Riemmanian manifold. We will define the Ricci flow,
and show an example of it operating on a topological object in figure 1.
Definition 1 (The Ricci Flow) On a smooth and closed manifold M that is
described by a smooth Riemannian metric gµν , we can define the Ricci flow as a
geometric flow evolving under a flow-parameter t being related to the curvature
described by the Ricci tensor Rµν :
∂ gµν
= −2Rµν .
∂t

(1)

In figure 1, we start with the top image, where red indicates areas of high
curvature, and blue are areas of low curvature1 . If we define our basis vectors
along the middle 2-sphere, and evolve using Ricci flow, then the middle shall
contract, while the outside remains as two spheres. Imagine a circle at every
Fig. 1. Ricci flow example.
point along the space. Ricci flow evolves along the circles as 1r . Then, if r is
large, the evolution is slow, but if r is small, the evolution is fast. Eventually, we
come to a point where we can’t evolve any further called a singularity, meaning
we either stop, or perform surgery2 .
Other than using Ricci flow to prove the Poincáre conjecture, within the context of physics, it has been used
in computing the beta functions for sigma-models via renomalization group flow, used in topology changing
processes between black holes and string theory, and may be helpful in general relativity, specifically in computing
potential energy of black holes and mass distribution in static metrics. However in this note, we will focus on the
role Ricci flow has played in the context of the string theory Swampland program.
may be easier to think of Ricci flow as the heat equation, ∂∂tu = ∇2 u, by relating gµν ∝ u & Rµν ∝ ∇2 u, or directly via a conformal
metric, gµν = exp(p(x, y)) ∗ diag(1, 1).
2 Surgery theory is a field of mathematics that allows you to remove singularities, and replace them with caps; in our case, 3-balls.
1 It
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2.

The Swampland, Distance Conjectures, & Incorporating Ricci Flow

2.1.

Introducing the Swampland & Distance Conjectures

The Swampland can be defined as the set of (seemingly) consistent effective quantum field theories that cannot be completed into quantum gravity in
the ultraviolet energy regime [4], and in particular cannot arise from string
theory. On the other hand, the string theory Landscape describes those effective field theories which are compatible with quantum gravity. An important fundamental question is to understand what kinds of constraints quantum
gravity places on low-energy theories, and to find criteria to distinguish the
Swampland from the Landscape. One of the criteria that has been identified
is called the Distance Conjecture, which states that an effective field theory
(parametrized by some massless scalar fields or ”moduli”) is only valid for
a finite range of motion of such scalars, because an infinite tower of massive states becomes exponentially light in the limit of infinite field range. The
latter signals the break-down of the effective theory.
There are more examples of distance conjectures, namely on Kähler man- Fig. 2. Going from Swampland to Landscape.
ifolds [5], anti-de Sitter spacetimes [1], and Calabi Yau manifolds.
2.2.

Where Ricci Flow Comes into Play

In [1], Lüst showed that the Ricci flow can be used to derive the distance conjecture for
anti-de Sitter spacetimes. This is done by giving time-dependence to the cosmological
constant Λ(t), plugging the metric into the Ricci flow, and solving for the evolution of the
metric. This can then be put into the geodesic along a path ∆g , giving an explicit distance
formula in field space. The associated tower of massive states would be described by,
0

m(t 0 ) ∼ m(t)e−α|∆g (t,t )|

(2)

which goes to zero as ∆g → ∞, as stated by the distance conjecture.
This example shows that the Ricci flow provides an efficient method for calculating
the distance ∆g in field space, and can be useful for refining the distance conjecture.
Thus, we want to examine to what extent Ricci flow can be applied to general geometries and constructions, and how to use it to identify additional criteria to distinguish the
Landscape from the Swampland.
For example, [5] gave reasonable evidence for a distance conjecture for Kähler moduli
after finding discrete symmetries associated with an infinite tower of states. One question
is whether one could use Ricci flow to find the same result. Kähler manifolds do have a Fig. 3. Geometric interpretation.
metric, but in terms of holomorphic coordinates (complex). This suggests a modification
of Ricci flow. Doing so, by a change of coordinates gµν → gα β̄ we find a known flow called Calabi flow,
∂ gα β̄
∂t

=

∂ R(g)
∂ zα z̄β

(3)

where zα are holomorphic coordinates. To proceed we would find the time-dependent parameters in the Kähler
metric, evolve under Calabi flow, and follow the same procedure outlined above. Incorporating geometric flows
onto the Swampland demands a new interpretation of how to evolve geometries arising from a particular effective
field theory, starting at low energies and approaching the quantum gravity regime. A sketch of what this may look
like is depicted in figure 3. Both the example and geometric interpretation are ongoing projects.
References
1. A. Kehagias, D. Lüst, and S. Lüst, Swampland, Gradient Flow, and Infinite Distance. (JHEP 04, 170 (2020)
doi:10.1007/JHEP04(2020)170, arXiv:1910.00453).
2. Richard S. Hamilton, Three-Manifolds with Positive Ricci Curvature. (J. Differential Geom. 17(2): 255-306 (1982).
doi: 10.4310/jdg/1214436922).
3. H. Ooguri, E. Palti, G. Shiu, and C. Vafa, Distance and de Sitter Conjectures on the Swampland. (Class Quantum Grav.,
doi:10.1016/j.physletb.2018.11.018, arXiv:1810.05506v2).
4. Eran Palti, The Swampland: Introduction and Review. (Fortsch. Phys. 67, no.6, 1900037 (2019)
doi:10.1002/prop.201900037, arXiv:1903.06239v3).
5. P. Corvilain, T. Grimm, and T. Valenzuela, The Swampland Distance Conjecture for Kähler Moduli. (JHEP 08, 075
(2019) doi:10.1007/JHEP08(2019)075, arXiv:1812.07548v2).
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Ab initio calculation of vibrational and electronic properties
of SnTe2
K. Aziz1 and C.E. Ekuma2
1Department

of Physics, Columbia University, 2Department of Physics, Lehigh University

Abstract: Using first-principles methods, we investigate the electronic and vibrational properties of two-

dimensional (2D) 1𝑇 − 𝑆𝑛𝑇𝑒2. Our calculations show a zero-frequency gap due to the strong
coupling of optical and acoustic phonon modes. Our data further reveal low phonon group velocities
(~1150, 2900, 4980 m/s) and (~980, 2000, 3550 m/s) for the in-plane longitudinal (LA), in-plane
transverse (TA), and out-of-plane (ZA) modes along the ΓM and ΓK principal directions,
respectively. These properties suggest ultralow lattice thermal conductivity and therefore, a
potential thermoelectric material.

1.
Introduction
The discovery of graphene and other two-dimensional (2D) materials ushered in an era of the renewed
promise of materials with novel properties for next-generation electronic devices. One such material is the
transition (and post-transition) metal-dichalcogenides (TMDs). A typical covalently bonded transition
metal dichalcogenides consist of 2D layers of MX2, where M is a transition (or post-transition) metal and
X is a chalcogen. Sn-based TMDs are more stable in the CdI2 type phase, where hexagonal close-packed
(HCP) layers are bonded by van der Waals forces [1]. 2D metal chalcogenides, with s-p metallic bonding,
are relatively unexplored because metallically bonded materials prefer close-packed structures [2]. Due to
their unique transport properties, SnTe2 has been explored as a potential thermoelectric material. In this
report, we explore the phonon and vibrational properties to unravel the origin of the low thermal
conductivity and other essential transport properties for its potential thermoelectric applications.
2.
Method
To explore the vibrational properties and Raman spectroscopy, we used the first-principles density
functional perturbation theory as implemented in Quantum Espresso. The electronic wavefunctions are
represented in the Projector Augmented Wavefunction (PAW) basis with an energy cutoff of 60 Ry, using
the generalized gradient approximation of Perdew-Burke-Ernzerhof. The ionic positions and cell volume
were allowed to relax until the energy converged to ∼ 10−3 eV and the forces dropped to ∼ 10−3 eV/Å.
The Brillouin zone is sampled using a Γ-centered Monkhorst-Pack grid of 10 × 10 × 1. The phonon and
vibrational properties were then calculated on a 2 × 2 × 1
q-point grid. We wrote post-processing scripts in python to
extract group velocity and Raman spectra from the phonon
frequencies outputted by Quantum Espresso.
3.
Results and Discussions
We present in Figure 1 the calculated electronic band
structure, density of states (DOS), and partial DOS. As
evidence, there are states at the Fermi energy EF ~0.52 eV
indicating a metallic ground state. These states in the
proximity of EF are dominated by Sn -s and p and Te-p
states. Also, we observe a significant orbital hybridization Figure 1: Electronic band structure and density of
states of SnTe2. The overlap of the bands at the Fermi
around ~1eV to ~2.5eV mainly from the Te-p and Sn-s
energy EF = 0.52 eV indicates a metallic character.
The inset is the monolayer crystal structure.
conduction electrons near EF. Observe the absence of any
d-electron contributions near the Fermi surface. This led to smaller cohesive energies than TMDs, where
the unfilled d shells of the transition metal induce covalent bonding. Since the p orbitals have higher
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binding energies, we observe delocalized Sn-p and Te-p orbitals dominating the conduction band
transport.
To understand the vibrational properties, which are essential
for thermoelectric applications, we computed the phonon
spectra and the Raman spectra (Figure 2). The phonon
spectra (Right Panel of Figure 2) are characterized by a lowfrequency optical mode around 75 cm-1, characteristics of a
breathing mode. Significant is the absence of any frequency
gap between the acoustic and optical phonon modes. This
could be attributed to the relatively same mass of the
constituent elements (Sn and Te). To explore this further, Figure 2. Phonon spectra and the spectroscopic
we computed the Raman spectra (Left panel of Figure 2). intensities. Using group theory analysis, we find the
1T-SnTe2 belongs to the D33d space group and exhibits both irreducible representation Γ = A1g+2A2u +2Eu+Eg.
horizontal plane (σh) and inversion (i) symmetry. Due to mutual exclusion rules, we observe no modes
which are both infrared and Raman active. There are two R-active modes: doubly degenerate Eg and nondegenerate A1g at 71.2 cm-1 and 107.4 cm-1, respectively. We predict much higher intensities of the out-ofplane A1g mode than in the bulk because the out-of-plane motion will
be amplified by neighboring atomic layers. Most of the low-thermal
transport behavior in a material is driven by the velocity of the
acoustic phonon modes. In Figure 3, we presented the calculated
group velocities along the principal directions in the first Brillouin
zone: Γ-K and Γ-M of monolayer SnTe2 for the in-plane longitudinal
(LA), in-plane transverse (TA), and out-of-plane (ZA) modes,
respectively. In the low-frequency regime ~ zero-frequency limit,
we obtained phonon group velocities of ~1150, 2900, 4980 m/s and
~980, 2000, 3550 m/s for the LA, TA, ZA modes along the and
Figure 3. Phonon group velocities along principal directions Γ-K and Γ-M, respectively. We note that the
the Γ-K and Γ-M paths in the Brillouin of phonon velocity of the LA mode is greater than that of monolayer
monolayer SnTe2.
MoS2 (1108 m/s), but less than that of graphene (22,000 m/s) [4].
The phonon velocities along the Γ-K path are ~1.5 times greater than the phonon velocity along the Γ-M
path, indicating anisotropic bonding in the crystal structure [3].
In summary, we have presented the phonon and vibrational properties of monolayer 1T-SnTe2. A
combination of zero-frequency gaps and small group velocities supports ultralow lattice thermal
conductivity and therefore, a potential thermoelectric material.
4. References
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Abstract: The Magneto-Optical Trap incorporates magnetic fields and laser cooling to create cold
atoms that can be experimented on. To construct this experimental setup the optics and magnetic
fields need to be carefully placed to achieve the correct conditions of the trap.
1.

Introduction

Creating ultracold atoms is a useful and effective way to study atomic physics, there are potential advancements in
many areas of physics including but not limited to, semiconductors, super-fluids, and many-body physics [2]. A
method to trap and produce ultracold atoms is to use a Magneto-Optical Trap (MOT), which utilizes both lasers and
magnetic fields within the experimental setup. The lasers cool the atoms by momentum absorption, where the atom
absorbs a photon and is then released in a direction that will slow the atom down [1]. The MOT uses three orthogonal
and counterpropagating lasers with right-handed and left-handed circular polarization to slow the lithium atoms [1,
2]. Our MOT consists of four Anti-Helmholtz coils and four bias coils which each create a magnetic field to affect the
position of the atoms within the vacuum system. The AntiHelmholtz coils make a gradient field with a zero-crossing
at the center which split the lithium atoms using the Zeeman
effect [1]. The bias coils add magnetic fields in a Helmholtz
configuration, which will also affect the atoms’ positions.
Overall, the MOT achieves the two objectives of cooling the
atoms and pushing them to a single position allowing them
to be analyzed.
2. Bias Coils
In the experiment, the two goals of the bias coils are to
create a magnetic field that will cancel the natural
background field found in the lab and be able to change
the position of the center of MOT. To perform this, a field
of 10 G going in both the x and y-direction is needed. Four
coils were made in a rectangular shape to wrap around the
vacuum chamber of the experiment as shown in (Fig 1.).
Fig. 1. Bias coils around the vacuum chamber
2.1 Designing coils
To create the correct dimensions of the coils that would produce a 10 G magnetic field, we made a code that could
test different dimensions the coil could have. Using Biot Savart Law to derive an equation that would find the
magnetic field from a rectangular coil:
𝐵=
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)

(1)

In this equation w represents the long side or width of the coil, while l is the height, z is the distance of the coil from
the center of the vacuum chamber, and n is the number of turns the wire makes. Using this equation, we found that a
coil with a height of 5.5 in, a width of 14 in, and around 30 turns would be sufficient to produce a magnetic field of
10 G at a reasonable current.
2.2 Building and Testing Coils
To build the coils, we used 16-gauge magnet wire which was wrapped around an optical post to create a rectangular
shape. After winding, we used heat-resistant tape to make the turns of wire tighter and assist in holding the shape of
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the coil. The coils then needed to be tested to ensure they would not get too hot while also maintaining a 10 G
magnetic field. Running the coils at 7 A and 7.5 A of current we found that each coil would plateau at around 50
degrees Celsius after 20 minutes (Fig. 2.). Both the x and y direction coils were able to produce a 10 G magnetic
field at 7 A. Overall, our test concluded that the bias coils will be effective in future experiments with the MOT.

3.

Fig. 2. Bias coils on x-axis temperature vs. time graph
Optics
3.1 Optical Molasses

In total six beams are overlapping within the center of the vacuum chamber (Fig. 3.). These beams emit enough
force using photon absorption to slow the atoms down and eventually create optical molasses. The lasers are tuned
slightly off-resonance to account for the Doppler shift; this is achieved by using acoustic-optic modulators (AOM).
This shifts the frequency in a way that red-detunes the lasers and slows the atoms to the OM, where the atoms will
eventually reach nearly 0 momentum [1]. Unlike the MOT, creating OM does not use any magnetic fields to affect
the position of the atoms that are not pushed to a central position.
3.2 Polarization
In the MOT, each pair of counter-propagating laser
beams must have the same handedness of circular
polarization
(Fig. 3.). So, in our MOT system, the two vertical beams
have the opposite polarization, while the two horizontal
beams have the same polarization with their reflections
having the opposite polarization [1]. To check circular
polarization, we used a circular polarizer of both
handedness which consists of a linear polarizer and a
quarter waveplate stacked together. When light hits the
linear polarizer first and then the quarter waveplate, the
light of the correct circular polarization should go
through completely. When the light hits the opposite
handedness circular polarizer, the light should be
completely blocked. Using this method, all the beams
were set to the correct polarization for the MOT.

4. Conclusion

Fig. 3. Polarization of 6 MOT Beams

Both the optics and magnetic fields needed to build the MOT create a useful system that can cool atoms and keep
them in a localized position to study. This experimental setup will eventually be effective in researching and
discovering advancements in atomic physics.
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Abstract: Certain microscopic entities, such as motor proteins [1] and electrophoretic Janus particles [2], exhibit
active motion when injected with energy. During imaging, one can only measure their total fluctuation, i.e., a
combined distribution of random active and Brownian constituents. We have previously successfully extracted
the active fluctuations of an optically trapped driven Janus particle using a deconvolution method. To build on
these results, we seek to weakly confine electrophoretic Janus particles in viscoelastic gels to directly image their
trajectories and extract an active velocity probability density function from active and Brownian videos at various
AC electric field strengths. Our use of free-moving particles confined in a viscoelastic medium serves as a first
step toward generalizing our deconvolution method to microscopic structures in a subcellular environment.
1.

Introduction

Fluctuations pervade the microscopic scale. Environmental noise in fluids, such as complex flows and Brownian
motions, can instill movement into otherwise passive bodies. Certain entities, such as motor proteins and electrophoretic Janus particles, exhibit active motion when injected with energy. For many applications it is important
to understand the particle activity without the interference of environmental fluctuations. When imaging an active
particle in motion, one can only measure the total fluctuation, i.e., a combined distribution of random active and
Brownian motions. In addition, free moving particles are hard to track for an extended period because they move
outside the view. Therefore, a confinement is needed to limit the range of the particle trajectories. Previously, we
have extracted the active fluctuations of an optically trapped induced charge electrophoretic (ICEP) Janus particle
using a deconvolution method on position probability density functions (PDFs). However, the high spring constant
of the optical tweezers – necessary for both active and passive particles to fluctuate around the same center point
– limits the particle trajectory such that active motion is difficult to observe directly. To test the deconvolution
method on an improved experimental system, we seek to weakly confine particles in viscoelastic gels to directly
image their trajectories and extract an active velocity PDF from Brownian and active time-lapse videos at various
AC electric field strengths. Our use of velocity-distribution instead of position-distribution relaxes the need for a
stable center point. Our study of active particle motions in a viscoelastic gel is a first step toward generalizing our
deconvolution method to describe active fluctuations of microscopic structures in a subcellular environment.
2.
2.1.

Methods
Janus Particle in Viscoelastic Gel

Janus particles were fabricated by coating one hemisphere of dielectric silica particles of radii 1.5µm with a thin
30º nickel layer. We embed Janus particles in 1% weight 67 kg/mol telechelic polyethylene oxide (T-PEO), a
weight ratio previously identified as the crossover from being primarily viscous to viscoelastic [3]. This experimental system allows one to obtain a long timelapse sequence while effectively ignoring rotation; the T-PEO limits
rotational diffusion via viscosity and provides weak confinement through elasticity to allow for prolonged video
microscopy of a single particle while remaining below the rotational relaxation time τr . A 5 uL dilute suspension was placed between two indium-tin-oxide (ITO) slides separated by a 50-um spacer (3M tape). An alternate
current (AC) voltage was then applied across two electrodes, one attached to the opposing end of each slide, at
a frequency of 7-kHz and magnitudes of 6V, 8V, and 10V. The Janus particles are then driven into motion via
induced charge electrophoresis (ICEP), explained more in Section 3. Particle trajectories were imaged via video
microscopy for 10 minutes and tracked with the MOSAIC package on ImageJ.
2.2.

Deconvolution Method

The convolution of two functions f (t) and g(t) is defined as
( f ∗ g)(t) =

Z ∞
−∞

f (τ)g(t − τ)dτ.

(1)
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The operation can be described by sliding g across f while integrating the point-by-point multiplication. To perform its inverse – the deconvolution, one can first obtain g0 by reflecting g across the y-axis and take ( f ∗ g) ∗ g0 .
Given a superposition T of two quantities A and B, one can obtain the continuous probability density function of
A through the deconvolution of T and B. By assuming the total velocity ~vt to be a sum of the active and Brownian
velocities~va and~vb , one can deconvolve the velocity probability density functions (vPDF) of an passive and active
Janus particle (Pb and Pt , for Brownian and total) to obtain its pure active vPDF. This procedure was implemented
on MATLAB using the flip and conv functions.
3.

Results and Discussion

Figures 1a and 1b show Pb and Pt of a Janus particle at AC voltage of 8V in the x and y directions, respectively. Pa
is obtained via deconvolution and Pt is recovered with (Pa ∗ Pb ). Under the compression of the ITO slides, stress
relaxation causes a unidirectional flow in the T-PEO gel and manifests as a bias in Pb . Pa is therefore shifted relative
to Pt , which reveals the velocity vector of the Janus particle in a vacuum – in the absence of environmental noise
– which cannot be otherwise measured. We now inspect the average speeds obtained from Pa by considering the
driving mechanism. Induced charge electrophoresis follows a scaling law: for each particle, the resulting electric
field E = V /d perpendicular to the two-slide device with separation d strongly polarizes the metal side and propels
it towards the dielectric side at an ideally constant speed v = β E 2 , where β is the ICEP mobility [2]. We therefore
check that the active speed is linear to V 2 and terminates at or near zero in Figure 1c to confirm that the extracted
Pa corresponds to valid ICEP speeds.

(a) x-direction active vPDF extracted via
deconvolution.

4.

(b) y-direction active vPDF extracted via
deconvolution.

(c) Average speeds as functions of V 2 . The
active speed va (V 2 ) shows a linear trend
terminating at va (0) = 0.

Conclusion

This study shows that the active velocity probability distribution function can be extracted via deconvolution from
active and Brownian videos of a Janus particle embedded in a viscoelastic gel. Previous work by has been done
to extract active position PDFs from a Janus particle trapped by an optical tweezer; we generalize this approach
by removing the need for a stable center point and extracting active fluctuations from a more biologically relevant
context, one that is viscoelastic with complex environmental noise. A systematic study should be done to confirm
that active speeds can be consistently extracted across different samples. Future work will also involve tuning gel
properties to fully map active fluctuations across the viscosity-elasticity spectrum, followed by an applications to
active subcellular structures.
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Abstract: The proposed experiment aims to optically trap and increase the concentration of 70nm
COVID-19 virus particles using a single laser. This mechanism has proven to be very difficult, as
the virus is about 14 times smaller by radius and its trapping power is approximately 14^3 or
~3000 times weaker than the previously trapped one micron particle by Ashkin et al. We were able
to successfully trap 100nm and 70nm polystyrene (PS) particles with varying concentrations of
polyethylene glycol (PEG) polymer. Instead of PS particles, we seek to determine and perfect a
ratio of the concentrations of COVID-19 virus to PEG to trap as many viruses as possible in the
optical tweezers.
The optical trap is a mechanism in which dielectrophoretic forces from focused electromagnetic radiation
are utilized to “trap” particles and increase their particle density. Focused electromagnetic radiation creates an
intensity-dependent dielectrophoretic force inside a colloid, increases particle density, and induces a gas-solid phase
transition. The colloid tested can be designed to undergo a gas-solid phase transition when the density of the
nanoparticles reaches a certain threshold intensity, which creates an aggregate that effectively blocks and scatters
incoming radiation (Nuansri et al).
In a past experiment conducted by our lab, Nuansri et al demonstrated successful optical trapping of a
negatively charged 200nm polystyrene (PS) molecule mixed with polyethylene glycol (PEG) polymers in
low-concentration KCl salt solutions. A colloid can be created that is near the initial gas-solid phase separation with
the addition of PEG polymer, KCl salt, and pluronics.
The purpose of KCl salt is to decrease the Debye screening length and reduce the range of Coulomb
repulsion. However, too much salt would render the solution unstable and lead to the formation of irreversible
colloidal aggregates, without the necessary Coulomb repulsion to keep two particles apart. The addition of pluronic,
a non-ionic surfactant, combats this. The added pluronic coats the particle surface with a layer of soluble PEG
chains, which prevents two particles from getting too close to each other, even when the Debye screening length is
small. This allows for repulsive particle-particle interactions, even when their surfaces are nearly touching (Nuansri
et al).
The proposed experiment aims to optically trap 70nm COVID-19 virus particles using a single laser and
increase their concentration; however, this mechanism has proven to be very difficult, as the virus is about 14 times
smaller by radius and its trapping power is approximately 14^3 or ~3000 times weaker than the previously trapped
one micron particle by Nobel Prize winner Arthur Ashkin et al. In theory, such small virus particles may be trapped
when a gas-solid phase transition is induced by the laser, resulting in aggregation of the particles. Colloidal gas-solid
phase transitions are caused by the increased particle attraction and density, leading to the formation of an aggregate
that effectively blocks incoming radiation. Nuansri et al demonstrated successful optical trapping of a 200nm PS
molecule mixed with PEG polymers in low-concentration KCl salt solutions. This summer, we were able to
successfully trap 100nm and 70nm PS particles with varying concentrations of PEG polymer. Using the same
procedure, we are working on trapping 70nm COVID-19 particles. Instead of PS particles, we seek to determine and
perfect a ratio of the concentrations of COVID-19 virus to PEG to trap as many viruses as possible in the optical
tweezers.
In our experiments, we used 100nm and 70nm diameter polystyrene spheres, pluronic polymer (14.6 kD
Pluronic F-108 from Sigma Aldrich, product number 542342), potassium chloride (KCl), and neutral, 35 kg/mole
PEG molecules. The pluronic surfactant is used to prevent particles from forming aggregates. It has the structure of
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a triblock copolymer based on polypropylene glycol (PPG) and PEG, with a PEG-PPG-PEG structure. At sufficient
concentrations, pluronic molecules form a tightly knit pack of PEG tails sticking out from the particle surface into
water. This protective layer prevents other particles from reaching within a distance such that the Van der Waals
attraction would take effect. Figures 1, 2, and 3 show the concentrations of all components in each sample prepared.
The neutral PEG molecules were used to produce an attractive force between particles. At a critical PEG
concentration, the colloidal particles undergo a gas-solid phase transition, and individual particles coexist with
clusters of dense particles, similar to the coexistence of water vapor and fog droplets at the dew point. In this
experiment, PEG concentrations allowed the colloidal suspension to be close to this coexistence point. This basic
experimental arrangement is similar to that used by Ashkin et al and Nuansri et al, but the difference is that the
trapped molecules are much smaller with weaker trapping (~3000 times weaker) power. If these smaller particles are
able to be trapped, there is reason to believe that a 70nm COVID-19 virus particle can be trapped by this set-up as
well.

Fig. 1 and 2 show the concentrations of all components prepared, in experiments with 100nm and 70nm
particles respectively.

Fig. 3 shows the clusters formed by the optical trap for 100nm PS particles (all 7 samples were successful). Fig. 5
shows the clusters formed by the optical trap for 70nm PS particles (samples 2-6 successfully trapped particles).
This experiment demonstrates a gas-solid phase transition induced by PEG depletion attraction for PS
particles of 100nm and 70nm in diameter. The proposed experiment aims to optically trap 70nm COVID-19 virus
particles using a single laser and increase their concentration; however, this mechanism has proven to be very
difficult, as the virus is about 14 times smaller by radius and its trapping power is approximately 14^3 or ~3000
times weaker than the previously trapped one micron particle by Nobel Prize winner Arthur Ashkin et al. This
experiment determined and perfected a ratio of the concentrations of PS particle concentration to PEG. It is hopeful
that this ratio can be applied to COVID-19 virus so we may trap as many viruses as possible in the optical tweezers.
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Abstract: Recent experiments suggest that ergosterol helps maintain membrane stability
in S. pombe spheroplasts undergoing osmotic stress. We analyzed fluorescence microscopy
movies of poration events in giant unilamellar vesicles to determine the biophysical role of
ergosterol in cellular stress responses. © 2021 The Author(s)

1.

Introduction

Yeast incorporate lipid sterols to maintain the structural integrity of the plasma membrane in response to osmotic
strain. The sterol ergosterol is synthesized in the endoplasmic reticulum where it can be moved into the plasma
membrane by the protein transporter ltc1 during periods of stress [1]. Recent experiments on S. pombe spheroplasts
have observed that ltc1 deficient mutants can withstand longer periods of osmotic stress before bursting (Fig 1) [2].
It is hypothesized that this is due to the inhibited transport of ergosterol out of the plasma membrane. While it is
known that sterols maintain membrane integrity during stress, little is understood of the biophysical mechanism
that makes ergosterol an adaptive response to osmotic flux.
The effects of osmotic strain can be studied by observing membrane poration. Poration occurs when a steady
influx of water causes the membrane to expand via a concentration difference between the inner part of the cell and
its environment. Eventually, this osmotic strain becomes too great and the cell bursts, allowing for the intercellular
solution to flow outward. Cells that are better fit to osmotic stress can withstand increased membrane strain and
expand to greater sizes before they rupture.
One method of modeling cellular membrane dynamics is through the use of giant unilamellar vesicles (GUVs).
GUVs are 4-5 nm thick lipid-bilayers that enclose micron-sized fluidic volumes. They spontaneously assemble
within an aqueous solution and are kinetically stabilized via hydrophobic interactions between amphiphlic lipids
[3]. By preparing GUVs in a swelling solution (containing salt or sucrose) and then placing them in a hypotonic
environment, GUVs will undergo a series of expansion and poration events. The poration behavior of GUVs can
be observed through the lytic strain and periodic nucleations attributed to osmotic fluctuations [4]. While poration
of phospholipid-only GUVs was studied by Chabanon et al., this project analyzes GUVs containing ergosterol to
determine the biophysical mechanism of the osmotic stress response in S. pombe.
2.

Experimental Methods

Lipid compositions were made containing various phospholipids (POPC, DOPC, POPE, POPI) and ergosterol.
Each composition also contained 0.8% by mass of Texas Red DHPE fluorescent dye. All GUVs were prepared in
0.200 M sucrose using the electroformation method [5]. To induce GUV swelling, 5 µL of sample was placed into
200 µL of DI water. The chamber used to observe poration was a cylindrical PDMS well, approximately 4 mm tall
and 10 mm in diameter, adhered to a 1.5 mm-thick glass coverslip. GUV poration was observed over 10 minute
periods at 40x magnification using a Zeiss confocal microscope with the exposure set to 100 ms and reading at
approximately 190 ms per frame. Movies were analyzed using the MATLAB Imaging Tool Box. The radius and
position of GUVs were approximated using the imfindcircles function and then measured using a least squares
circle fitting algorithm.
GUV expansion was analyzed by calculating the area strain of the vesicles using ε = (A − A0 )/A0 , where A0
is the spherical area calculated using the first consistent minimal radius times 0.995. A linear fit of the vesicle
radius during each poration period gave dε/dt. The linear fits were used to calculate the lytic strain by measuring
ε at each poration event. For each sample, the lytic strain was measured and averaged over the first five poration
events.
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3.

Results and Discussion

Poration movies of GUVs ranging from 11 to 32 microns in radius showed instantaneous poration as well as
both rapid and delayed recovery times. Delayed recovery was apparent for larger vesicles and resulted in an
observable deviation from a spherical shape (Fig 2a and 2b). The biophysical explanation for this variation in
poration recovery time is unknown and should be further investigated.
Analysis of poration movies gave similar periodic poration events and linear expansions as observed by Chabanon et al (Fig 3) [4]. The expansion period between porations increased exponentially as time went on due to a
decrease in sucrose concentration within the GUV. In most samples, GUV area strain only fluctuated by approximately 10% before poration. This is 5% less than what was found in previous poration experiments (Fig 3) [4].
Comparing the average lytic strain across various samples, the addition of ergosterol did not appear to cause a
signifigant change in the membrane strain before poration (Fig 4).
4.

Conclusion

Initial findings suggest that ergosterol does not affect the lytic strain of porating GUVs. This indicates that there
may be some other biophysical mechanism that helps to maintain membrane integrity during osmotic stress other
than the incorporation of ergosterol alone. Further analysis of poration periods and dε/dt throughout each movie
may reveal a significant effect.

Figures: (1) wild-type S. pompe spheroplast and ltc1 deficient mutant under osmotic stress. This image was
produced and used with permission from Zhang Dan at Temasek Life Sciences Laboratory [2]. (2) Vesicles of two
different radii before, during, and after poration. (3) Strain plot of POPC vesicle (Rinitial = 24.45 µm) throughout
poration movie. (4) Average lytic strain and standard deviation of samples across multiple compositions. Averages
across 8-10 samples were recorded for each composition.
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Abstract: We simulated a region of N-WASP with two WH2 domains and two actin
monomers with coarse-grained replica exchange molecular dynamics. We found that the
association of WH2 to actin monomers brings them together in multiple binding states. ©
2021 The Author(s)

1.

Background

Many cell functions, such as cell migration, cytokinesis, neuron growth, are the product of actin polymerization
into filaments. These are polymer chains of interlaced actin monomers, arranged barbed end to pointed end (Figure 1) [1]. Actin nucleation is the rate limiting factor in these interactions, and as such many proteins exist to
form trimers and other larger structures in order to expedite the process. The Wiskott-Aldrich syndrome proteinhomology domain 2 (WH2) [2] is a common motif in these proteins [1]. WH2 includes a N-terminal α helix
that binds to the barbed end cleft between actin subdomains 1 and 3, and a C-terminal LKKT-related motif that
extends toward the nucleotide-binding site at the pointed end [2]. Actin nucleators often contain tandem WH2
regions to catch or align actin monomers. When in tandem with other WH2 domains, they align actin monomers
to form dimers and trimers, kickstarting the filament polymerization process [2]. As an example, Figure 1 shows
how VopL forms a polymer from the pointed end. However many questions still remain regarding the mechanisms
of WH2-mediated actin polymerization.

Fig. 1. Hypothetical Nucleation Mechanics of VopL/VopF where WH2 domains help bring together
actin monomers into a filament [1].

2.

Method

To better understand how WH2 domains help actin filament nucleation and polymerization, we used the model
set by Kim and Hummer (KH) [3] to simulate WH2 complex formation with actin. This implicit solvent model
represents proteins as linked Cα beads and calculates their attraction with short-range Lennard-Jones potentials,
and long-range electrostatic interactions between amino acid pairs i, j at a distance r: φi j (r) = ui j (r) + uel
i j (r).
Depending on the type of amino acids, these interactions are attractive or repulsive [3].
We used LAMMPS to run temperature replica exchange molecular dynamics (REMD) simulations of two actin
monomers (labeled A and B) and a section of N-WASP with two tandem WH2 α helices (labeled 1 and 2).In
REMD simulations, each replica box starts with a temperature and a Monte Carlo algorithm periodically attempts
to swap temperatures between replicas. This allows the simulation to converge more rapidly than otherwise, though
a large number of temperatures and replicas are required for complex systems [4]. We used the actin structure
from [5] and a strand from N-WASP with two tandem WH2 domains [6], filling missing structure data with
MODELLER [7]. Beads with missing structure data were treated as flexible, as well as the D-loop (r40-r51) and
the termini (r1-r5, r372-r375) in actin. Other segments were treated as rigid bodies [8]. We plotted the dwell time
of replicas at different temperatures to check the convergence of our simulations to equilibrium.

17

We checked for binding by calculating the distance root mean square (dRMS) values between the residues in
our system and a reference structure [6]. Low dRMS values indicate that the test structure is close to the reference
structure. We calculated dRMS values between each WH2 α helix and each actin (labeled as 1A for the first WH2
region interacting with actin A and similarly for others). We created two-dimensional distributions between the
two WH2 α helices bound to different actins; values near the origin indicate that NWASP has bound to both barbed
ends at once, as expected (Figure 2A). We also calculate the dRMS between actins themselves in comparison to
a long-pitch binding configuration. To examine double binding of WH2 to actin, we combined the WH2 dRMS
values by calculating the radial distance 1B2A in the 1B versus 2A WH2 plot, matching dRMS values of WH2
domains with their associated actin dRMS. We thus created two-dimensional distributions between the actin and
combined WH2 dRMS (Figure 2B).
3.

Results

Fig. 2. Results of coarse-grained REMD simulation of WH2 containing region of N-WASP and
actin. (A) dRMS plot of each WH2 region to A or B actin. (B) dRMS plot of combined WH2 dRMS
to actin. (C) Visual of binding state at the indicated dRMS peaks. (D) Model of two WH2 regions
binding to actin in an filament conformation [2].
Figure 2 shows the results of an 18-temperature REMD simulation over 0.149 ms. In Figure 2A, the twodimensional distribution of N-terminal α helix dRMS values reveals a low dRMS peak corresponding to binding
at the barbed end for both actins, with actin A bound to WH2 2 and actin B bound to WH2 1. The low actin dRMS
in Figure 2B likewise indicates the configuration with actin bound closest to the long-pitch reference, with the B
actin as the barbed end and the A actin as the pointed end. And the low combined WH2 dRMS value indicates
that both of these binding states occurred simultaneously. We visualized the structure to check its orientation in
Figure 2C, and see that the A actin is skewed which explains the less-than-perfect dRMS value. Figure 3D shows
the conformation in an F-actin filament for comparison [2]. In addition to the conformation shown in Figure 2C,
we observed multiple other bound configurations, which require further simulations.
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Abstract: Lithium Niobosilicate Glass can be created using a range of compositions with varying
amounts of silica. Glass compositions with higher amounts of silica are more stable glasses,
requiring a lower scan speed in order to achieve single crystal growth.
© 2021 The Authors
1.

Introduction

1.1. Purpose
Crystal lines in glass exhibit a waveguiding property. If these lines can be refined and understood small
photonic elements could be created and used for quantum computing. This can be used to replace many
integrated circuits. Where integrated circuits use electrons to transmit data, new photonic circuits will use
photons. These photonic circuits would have marginally better computing speed than the traditional circuits. By
creating single crystal lines, the scattered light from imperfections is decreased allowing for better data
transmission.
1.2. Crystal Nucleation and Growth
Crystallization can be separated into nucleation and growth steps which occur at different rates at different
temperatures. The pulsed laser through multiphoton absorption acts as a spatially selective heater where the
parameters that can be controlled are predominantly power and speed. The goal is to separate the nucleation and
growth steps so as to nucleate a seed crystal which then would grow into a single crystal. During crystal
nucleation, a polycrystalline region forms around the focal point. From this nucleus, more crystals can be grown
from these preformed crystallites. When growing crystals, there is an optimal growth angle which has the fastest
growth rate. All other orientations will attempt to rotate to the critical growth direction but will only be able to
grow if that orientation has a growth rate fast enough to keep up with the scan speed. When the growth reaches
the optimal growth angle the crystal can grow faster than the laser is scanning, and the crystal will segment.
This describes segmented growth. When the scan speed is too fast for any orientation to keep up, the resulting
line will be polycrystalline with many nucleating crystallites that were unable to keep up with the scanning laser.
In theory, all compositions have a critical scan speed faster than segmented growth and slower than
polycrystalline growth, where the optimal growth direction’s growth rate is equivalent to the speed of the stage
movement. Challenges of single crystal growth are explained in ref. [2].
2.

Method

2.1. Glass Making
To make the compositions, powders of Li2O, Nb2O5, and SiO2 are mixed in various proportions. Generally,
Li2O and Nb2O5 (referred to as glass modifiers) are at a one-to-one mole ratio to match the stoichiometry of
lithium niobate and the total composition is determined by the ratio of the SiO2 (known as the glass former).
The way that this is notated is the following: LNSx: (100 – x) LiNbO3 – xSiO2. The compositions compared in
this experiment are LNS 22, LNS 26, LNS 30, and LNS 34. The inspiration for using lithium niobosilicate glass
stems from past research of ref. [3] and other work with crystal growth and studies in lithium niobate. After
mixing, the powder is heated to 1400 C until fully melted in a platinum crucible. The glass is quenched at room
temperature between two metal plates separated by the thickness of two pennies, or approximately 3 mm. After
quenching, the glass was placed in the annealer at 500 C for 2-3 hours. This relieves significant amounts of
stress and strain inside the glass to prevent cracking.
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2.2. Differential Scanning Calorimetry (DSC) Analysis
Figure 1 shows the DSC graphs for LNS 22, 26, 30, and 34. The dip
indicated by the arrow shows TG for the glasses. This is relatively
the same for all of the glasses with 26 being one of the lowest and 30
and 34 being higher. This implies that the transition temperature is
relatively the same for all of the samples, but the peak crystallization
temperature is different. 30 and 34 are the highest, suggesting that
greater temperature change is required for consistent crystal growth.

LNS 24
LNS 34

LNS 30

LNS 26

2.3. Preparing Samples
When samples come out of the annealer, they are a rough round disc. To prepare for irradiation, a saw was used
to cut across the disc in order to make long 2.5 - 3 mm strips of glass. These were then polished to 1200 grit
paper. When radiating the samples, a femtosecond laser was used because of nonlinear absorption properties so
that the high energy density could be used for 3D mapping. The sample was heated to 500 C in a heating stage
before radiation. Lithium Niobate crystals produce second harmonic generation which changes the infrared light
to a visible green. This makes crystallization very easy to see. To grow a crystal the RA is opened, and the
stage is held still until a seed forms. Then, a program will move the stage at a constant speed to draw the line.
This program can change the scan speed to try different parameters.
2.4. Finding the Critical Growth Speed
Experimentally, a slower scan speed produced shorter segments. Also, it takes more energy to crystallize in
more stable compositions. Therefore, theoretically, a more stable glass requires a slower scan speed and thus a
higher temperature (also achievable from a higher laser power) to grow single crystals. Using this assumption,
we can select estimated values for the critical growth speed of the different compositions.

3. Data and Results
3.1. Single Crystal Growth in LNS 26

Figure 2 above shows single crystal growth in LNS 26 (left) and single crystal with lattice rotation in LNS 30
The image above (left) shows an electron backscatter diffraction (EBSD) map in LNS 26 where single crystal
growth has been achieved over a millimeter long region. The red coloring indicates the c-axis is parallel to the
growth direction, showing a preferential orientation. The scan speed for this sample was 45 µm/s.
3.2. Crystal Rotation in LNS 30
The image above (right) is of a sample of LNS 30 that is displaying single crystal growth with lattice rotation
that gives insight into the nature of single crystal growth. As shown in Figure 2 (right) above, the line begins
with polycrystalline growth until a random crystallite is oriented in a direction that can grow with stability. This
crystal was grown at 15 µm/s. Parameters inspired by ref. [1]. This crystallite proceeds to orient itself towards
the optimal growth direction as seen by this EBSD map. This would imply that the critical growth speed for the
glass is slightly faster than used above.
4.

Conclusion
As the percentage of silica in lithium niobosilicate glass increases, the critical scan speed for single crystal
growth decreases. Comparing the results from the LNS 26 with the LNS 30, with comparable powers, the
critical growth speed was significantly lower for LNS 30 than LNS 26. Further conclusions can also be drawn
about crystal growth in glass. The results from Figure 3 show that crystals grow in glass by exhibiting “random”
polycrystalline growth until a stable orientation is reached. After that, this growth will orient itself to the optimal
growth angle and if the speed is fast enough, the optimal growth direction will not outgrow the laser, drawing
long single crystal.
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Abstract: We characterize the charge carrier mobility in Sn2 P2 S6 , tin hypothiodiphospate,
using a contactless holographic time of flight method to study the diffusion of the photoexcited carriers in different crystallographic directions. © 2021 The Author(s)

1.

Introduction

The material, Sn2 P2 S6 (SPS), is known for its strong electro-optical and dielectric properties. Due to the low
density of the charge carriers and their small mobilities and lifetimes, it is difficult to measure the mobilities with
standard time of flight methods. By using pulsed photoexcitation of a spatially modulated charge carrier density
and the linear electro-optic effect, we can investigate how a charge diffuses inside a spatially modulated carrier
density within a material like the SPS crystal [1].
2.

Method

To characterize the lifetime and mobility of the charge carriers, which will be assigned as holes, in a SPS sample,
the Holographic Time of Flight (HTOF) method was implemented by using a degenerate four-wave mixing setup
as seen in Figure 1. In this setup, two 30 picosecond long laser pulses, at a 532 nm wavelength, intersect at the
surface and inside the bulk of the SPS sample. This SPS sample was cut in a way that its facets were perpendicular
to three crystallographic axes [1]. When two short light pulses form an interference pattern, charge carriers, such
as free electrons or holes, are photoexcited. Subsequent charge transport causes a transient refractive index grating
within the bulk of the material [2]. These two interfering laser beams therefore create a holographic grating after
photoexcitation, and that this grating is detected by a probe pulse. The diffracted probe pulse was detected by the
use of a photomultiplier, which then delivers the amplitude of the photoinduced space-charge grating as a function
of when the probe pulse arrives at the sample [1].

Fig. 1: Four-wave mixing setup of experiment. Red and green lines are
the two pulsed beams and the blue line is the probe beam.
To examine the effect on how the grating period affects the measured space-charge dynamics, the second laser
beam was positioned in angles below and above 1.57 rad. The angles investigated below 1.57 rad. were approximately 0.17 rad. and 1.41 rad. The angles below 1.57 rad. help to characterize the lifetime and mobilities of the
charge carriers in the sample across the crystallographic x-axis direction. To measure the mobilities in the y-axis
direction, the second pulsed beam was positioned in a way so that the crossing angle of the two incident beams
was approximately 2.67 rad. This particular setup is different to when the angles are lower than 1.57 rad. because
instead of the two pulsed beams coming in on the same surface of the crystal, one of them will arrive from the
opposite side of the crystal. The diffraction grating within the crystal will shift in direction. The attempt was made
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to create a space grating where one of the pulsed beams was interacting with a different surface of the crystal,
while the other remained directed towards the initial surface. At the highest crossing angle that the setup would
allow (2.67 rad.), the space grating was intrinsically small where it was difficult to measure the build-up time of
the photoexcited hole in the crystallographic y-axis direction.
3.

Results and Discussion

We have observed a space-charge grating buildup that was caused by photoexcited holes that have diffused along
the crystallographic x-axis of the crystal. The diffusion of these photoexcited holes can lead to a refractive index
grating with an amplitude that grows as
1 − exp(−t/τ0 )
where τ0 depends on the diffusion time and lifetime of the photoexcited holes [1].
The spatial period of the grating in the bulk of the crystal becomes shorter as the crossing angle of the two
intersecting beams increases. With a crossing angle of approximately 0.17 rad., the buildup mobility and lifetime
of the photoexcited hole held consistent behavior with slightly varying laser intensities. The buildup stops around
2 ns at this angle. This behavior is shown in Figure 2(a).
Compared to the crossing angle at 1.41 rad., the buildup appears to stop between 0.5 and 1 ns as shown in Figure
2(b).

(a) Buildup time at crossing angle of 0.1745
radians.

(b) Buildup time at crossing angle of 1.414
radians with line of best fit. The pulse starting
at 0 is the moment where all three beams
interact.

Fig. 2: Buildup time of photoexcited diffraction gratings caused by the diffusion of photoexcited
holes at different crossing angles.

4.

Conclusion

Our findings show that the small angle measurements around 0.17 rad. is consistent in the buildup behavior from
the previous study [1]. We also have found that larger grating spacings lead to a smaller buildup time of the charge
carrier. Changing the orientation of the photoinduced grating inside the crystal by setting one of the pulsed beams
to interact with the sample on a different surface compared to the other pulsed beam was found to not lead to a
strong space grating that the probe beam could detect.
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Abstract: We characterize electric-field induced molecular reorientation in DDMEBT
thin films using second-harmonic generation and corona poling, investigating such aspects
as poling temperature and applied corona voltage, and relaxation dynamics at lower temperature. © 2021 The Author(s)

1.

Introduction

Electro-optic modulators (EOMs) are used to modulate the intensity, polarization, and phase of light via nonlinear
optical effects during propagation. It is crucial to develop fast EOMs for applications in integrated photonics.
Preferred candidates for EOMs tend to have fast response times and large electro-optic coefficients so as to enable
efficient data transfer [1]. In previous work, it has been established that the organic molecule DDMEBT, deposited
onto a substrate as a thin film, is a strong candidate to be inserted as an EOM into electro-optic devices due to
its non-centrosymmetric structure and ability to be densely packed into a bulk thin film [1, 2]. While the material
doesn’t have significant electro-optic coefficients, DDMEBT’s ability to be sublimated into a nanometer-thick
thin film makes it useful for integration with nano-scale structures that chromophore-polymer materials cannot
homogeneously fill. [1, 3]. When deposited, DDMEBT molecules settle into a preferential ordering that only
yields a small electro-optic coefficient. To improve DDMEBT’s nonlinear response, corona poling can increase
the orientational order of the film [1]. Past work has identified DDMEBT as a good thin film for applications in
small electro-optical devices, but the most efficient way to apply the corona voltage so as to optimize the nonlinear
response remains an open investigation. This work seeks to characterize aspects of the poling process in order to
determine the most effective way to induce a strong orientational order and electro-optic response.
2.

Method

To study the molecular orientational order in DDMEBT thin films, vapor deposited films were mounted onto a
rotation stage. Second Harmonic Generation (SHG) was used as a probe for molecular orientation. For each film,
a calibration scan was taken and compared to that of quartz in order to determine the relative amplitude of the
second order nonlinear susceptibility. Absorbance and transmittance data was also obtained before and after each
run to track the thickness of the films over poling processes. Depending on the type of experiment, the procedure
for what followed the calibration differed. The second harmonic signal, the temperature of the film, the corona
voltage applied, and the time elapsed were collected using a Python program. Figure 1 shows an example of a
poling procedure used in previous work [1] that was replicated during this project.
2.1.

Temperature Variation

The established poling process shown in Figure 1 was modified by (1) changing the temperature at which the film
was poled and (2) poling the film for the same amount of time as the cooling process that occurs in the typical
procedure shown, but at a lower temperature.
2.2.

Voltage Variation

In this procedure, the typical procedure at T = 90C was modified by increasing the magnitude of the corona voltage
applied to the film. Applied voltages ranged from 5kV to 10kV in steps of ∼1kV. Voltages above 10kV were not
considered, as the films became significantly damaged above this threshold.
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Fig. 1: A Typical Poling Procedure (T = 90C)

(a) Film temperature is
increased to 90C.

(a) Poling done at T = 75C

(b) Corona voltage is applied to the film at ∼10s.

(c) The film is cooled to
T = 30C.

(b) Continuing to apply the corona
voltage at T = 75C

(d) The corona field is
switched off at ∼20s.

(c) Poling at different voltages from
5kV-10kV

Fig. 2: The two experimental poling procedures. Figures 2a and 2b result from poling at T = 75C and Figure 2c
belongs to the voltage variation method.

3.

Results

3.1.

Temperature Variation

We found that samples poled at temperatures as low at 75C can achieve comparable signal strengths as reached at a
poling temperature of 90C. Figures 2a and 2b show that a lower temperature poling at T = 75C reaches a maximum
quartz calibrated SHG signal of about 3.8 and during a poling T = 90C the maximum signal is approximately 3.9.
The resulting electro-optic coefficients are r = -14.73 pm/V and r = -18.12 pm/V for poling procedures at T = 75C
and T = 90C, respectively. These electro-optic coefficients differ by about 20.64%. The results must be replicated,
but provide a starting point for future investigation.
3.2.

Voltage Variation

Our results indicate that with each 1kV increment in applied corona field, the quartz calibrated SHG signal increased by .1V, as shown in Figure 2c. This data indicates that at 5kV the maximum oreintational order is not yet
achieved and that higher voltages can more strongly align the DDMEBT molecules with the applied corona field.
The validity of these findings must be confirmed by replication.
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Abstract: OH-Si and OH-Fe complexes in Ga2O3 have been identified by low-temperature,
high-resolution infrared spectroscopy and their microscopic properties have been investigated
to show that these defects contain a single H atom.

1. Introduction
Si and Fe are common contaminants in Ga2O3 [1,2]. Furthermore, the intentional introduction of Si is
used to dope Ga2O3 n-type [3], and Fe is used to make the material semi-insulating [4,5]. Hydrogen is
also a common contaminant in oxide semiconductors that can interact with other defects to make
them electrically inactive. We have introduced H and D into samples of Ga2O3, some of which were
undoped and some of which were intentionally doped with Si or Fe to investigate the possible
interaction of H and D with these impurities that affect electrical properties.
2. Methods
The Si doped material was a 0.5 μm thick epitaxial layer grown by MBE on an Fe-doped substrate.
This material was subsequently treated in hydrogen and deuterium plasmas. SIMS results (Fig. 1)
show a D profile that tracks the Si dopant profile in a way that is characteristic of the compensation
or passivation of the Si shallow donor by D [6]. The Fe-doped sample was a (010) wafer doped with
Fe to be semi-insulating. This sample was annealed in H2 and D2 ambients at elevated temperature
to introduce H and D.
3. Results
We have found O-H (O-D) vibrational lines at 3477 (2577) [Fig. 2(a)] and 3490 (2585) cm-1 [Fig 2(b)]
that are present in both Si- and Fe-doped samples. The 3477 (2577) cm-1 line is stronger for the Sidoped epilayer and the 3490 (2585) cm-1 line is stronger for the Fe-doped bulk sample. We attribute
the former O-H (O-D) line to a complex that includes a Si impurity and the latter O-H (O-D) line to a
complex that contains Fe. Undoped Ga2O3 treated in D2 also exhibits weak O-D lines at 2577 and
2585 cm-1 that arise from Si and Fe impurities that are unintentionally present in the host crystal.
IR experiments have been performed at high spectral resolution and low temperature (5K). Our high
resolution spectra for samples that contain both H and D show that the OH-Si and OH-Fe centers we
have observed contain a single H atom. Our results help theory to suggest microscopic models for
the Si-H and Fe-H complexes.
This research was performed in collaboration with Andrew Venzie and Amanda Portoff, under the
supervision of Michael Stavola. Supported by NSF grant DMR 1901563 and Lehigh’s NSF REU site
grant.
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Fig. 1. SIMS profiles for Si and D in a Si-doped Ga2O3 epitaxial layer grown by MBE that was
subsequently treated in a D-plasma.
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Fig. 2. (a) IR spectrum (77 K) of a Si-doped epitaxial layer of Ga2O3 treated in a D-plasma. (b) IR
spectrum (77 K) of an Fe-doped Ga2O3 sample annealed in a D2 ambient at 900 °C
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Abstract:
The goal of this research is to combine data obtained from the K2 and TESS telescopes of the star EPIC
249223471 to examine the orbital period and radial velocity of an exoplanet transit candidate. We measure the flux
of the candidate star over time, and determine the orbital period. We also work with radial velocity data obtained
from the HARPS and FEROS high-resolution spectrographs to analyze the motion of the star and exoplanet.
Introduction:
1.1 Kepler and TESS
Exoplanets are denoted as a planetary body located outside our solar system that usually orbits a star other
than our Sun. Researching exoplanets is important and relevant because it allows us to search for other habitable
worlds and can provide us with more information on planet formation. In 2009, NASA launched the Kepler space
telescope to discover Earth-sized planets orbiting other stars. Kepler ended its mission in the latter half of 2018 as it
ran out of fuel. NASA then followed this up by launching the Transiting Exoplanet Survey Satellite, or TESS. TESS
has 4 wide-field of view charged-coupled device (CCD) cameras, primarily to search for the telltale periodic
reduction in stellar luminosity that is caused by an exoplanet crossing between a star and the Earth.
1.2 Transit Science & Radial Velocity
There are various methods that are used to detect exoplanets, but the two most common and effective
methods are the transit method and radial velocity method. Modern astronomical imaging instruments, such as TESS
use a charge-coupled device to collect photons from stars. The CCD pixels have a finite capacity for carrying
electrons, so before the pixels become oversaturated with light, the CCD’s are able to shift the charge across the
rows of pixels and they’re eventually able to output the information into a register where the number of electrons
can be determined by physically measuring the charge (voltage). [1]
The radial velocity method is made possible using highly sensitive spectrographs (HARPS & FEROS).
With this, astrophysicists are able to measure the radial velocity component of the star and make use of the doppler
effect to track the star’s light spectrum.

Fig. 1: Left: Transit method illustrated [2]. Right: Radial Velocity method illustrated [3]
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Methods and Results:
There are two sets of data, K2 and TESS. K2 was able to collect information on this star (EPIC
249223471), including the measure of flux and it’s associated time value. With that information alone, we were able
to create a flux vs time plot and determine if there was a visible transit signal. We started by creating a scatter plot of
the data and determining how many visible transits there were. We then phase-folded the data and replotted the
result. As for the TESS data, we wanted to determine whether or not TESS detected a transit signal. After plotting
the data and using a couple statistical measures to get rid of outliers, we were able to find a transit signal in the light
curve.
For the radial velocity data we were successfully able to plot the measurements obtained by HARPS and
FEROS and synced it such that the photometry and spectroscopy were in phase with each other.

Fig. 2: Left: light
curve extracted from
TESS data using
Lightkurve python
package. Right: phase
folded light curve
using K2 data.

Fig.3: The
radial velocity
data plotted in
phase with the
lightcurve
obtained from
TESS and K2

Conclusion:
We show that TESS does indeed see an exoplanet transit in this candidate star. We were also successfully
able to plot the radial velocity measurements of the star candidate. With further analysis this information can be used
to determine a range for the mass of the exoplanet.
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Abstract: The Transiting Exoplanet Survey Satellite (TESS) has completed its mission to survey the sky for transiting
exoplanets. To date, it has discovered 4,349 planetary candidates. These candidates require ground-based follow-up
observations to confirm the source and shape of the transit signal due to blending caused by TESS’s wide-field images.
Ground-based observations of TESS planetary candidates provide the necessary precision to determine an
exoplanetary transit from a false positive. Kutztown University observed four such planetary candidates between
December 2020 and June 2021. We processed and analyzed this data with AstroImageJ to verify the transit or
determine a false positive. Of these, we verify four likely exoplanetary transit signals.
Introduction:
The Transiting Exoplanet Survey Satellite (TESS) was designed to identify planetary candidates in a broad survey of
the night sky during its original and now extended mission [1]. However, TESS’s wide-field construction comes at
the loss of angular resolution. Light from planetary candidates can blend with light from nearby stars, making
identification of the location of the source of an apparent transit signal difficult [2]. With the aid of ground-based
follow-up, a planetary candidate can be appropriately classified as an exoplanet or a false positive.
False positive circumstances can include nearby eclipsing binaries (NEBs), blended eclipsing binaries (BEBs),
grazing eclipsing binaries, and star spots [3]. See Figure 1 for further examples. TESS is most susceptible to NEBs
and BEBs due to how much of the sky it observes in each pixel. This vulnerability is the focus of our research. We
aim to provide further insight on the planetary candidates TESS discovers and allow for proper classification.

Figure 1: False positive exoplanetary transit examples.
Credit: Calar Alt Observatory/J. Lillo-Box

Figure 2: Light Curve Example. Credit: Mark Salisbury/
britastro.org

Light curves are useful for this purpose. These are plots of continuous observations of a planetary candidate
throughout the night and show the star’s brightness over time [4]. In the case of a planetary transit, the star’s
brightness will decrease and flatten out, then rise and return to normal again, resulting in the U-shape seen in Figure
2. Ingress and egress refer to the sloping sides of the transit and indicate its beginning and end. The percentage drop
of the star’s brightness is the transit depth. Together, these values can be used to infer the planet’s size [4].
Methods:
The Kutztown University telescope recorded observations between December 2020 and June 2021. An R filter was
used to test for NEBs and I & B filters were used simultaneously to test for BEBs. Image calibration included
standard bias subtraction, dark correction, and flat-fielding procedures. We then used AstroImageJ [5] to complete
aperture photometry and produce a light curve of the transit. A sample light curve is displayed in Figure 3.
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Normalized Flux

Figure 3: Overlapped light curves of TOI 1775 in
B & I filters. The purple dots represent the light
curve in the B filter while the black dots represent
the light curve in the I filter. The blue line
indicates the transit fit. The vertical red lines
indicate the transit’s predicted ingress and egress.

Time Since Run Start
To test for an NEB, we also produced light curves of other bright stars within 2.5’ of the target star, shown in
figures 4 through 7. 13% of planetary candidates have a companion star within this range [2]. If one of the
neighboring stars were to produce the characteristic dip in brightness associated with an eclipse, then it would serve
as an indication that the predicted star is not host to the signal. If not, the predicted star likely hosts an exoplanet.
Likewise, to test for a BEB, we plotted the light curves in B and I filters over each other. If there is a notable
difference in transit depth between the two, this is the result of a BEB and not an exoplanetary transit.

Normalized Flux

Figures 4, 5, 6, 7: NEB Search Radius around TOI 2025 & Target Light Curves. Stars which fall within 2.5’ of the
target may be responsible for a false positive. Here we identified two such stars (T2 & T3) as well as their light curves
(below center and right), which indicate that the planetary candidate (T1, bottom right) hosts an exoplanet and is not a
false positive.

Time Since Run Start
T1 Light Curve

T2 Light Curve

T3 Light Curve

Discussion:
We completed follow-up observations, processing, and analysis of four targets: TOI 1694, TOI 1775, TOI 2025, &
TOI 2152. We tested TOI 1694, and TOI 1775 for BEBs and TOI 2025 and TOI 2152 for NEBs. Our data indicates
no likely false positives for any candidate. All candidates show transits at the expected times, durations, and depths,
except for TOI 2152, which began and ended earlier than anticipated.
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