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J. Nyhan and B. Kain 

Department of Physics, College of the Holy Cross 
 
It is an open question today what dark matter is and how it behaves in 
physical systems. We created a model to examine possible interaction by 
looking at the case study of a neutron star, where we coupled a bosonic 
description of dark matter, a complex scalar field, with the visible, 
fermionic matter within the star. These two sectors were coupled together 
by gravity. We further extended the model by adding charge to the boson, 
giving us additional parameters for analysis. To practically analyze the 
behavior of such a system, we created a computational simulation. This 
simulation evolves a system of highly coupled partial differential 
equations through time and space using numerical techniques, including 
finite differencing, the method of lines, and Runge-Kutta. These allow 
our simulation to run efficiently and produce meaningful results in a 
reasonable temporal span. In order to analyze a starlike system, however, 
we must have physically realistic data to evolve. This initial data is found 
by solving a second set of differential equations (time independent and 
ordinary) to create a “static solution”. This data is then loaded into our 
temporal simulation, where the evolution of a realistic starlike system can 
be observed. 
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E. Bouzan and C. L. Hagan 
Department of Chemistry, College of the Holy Cross 

 
Certain types of Gram-negative bacteria suppress the growth of 
competing bacteria in their environments through contact-dependent 
inhibition (CDI). These bacteria produce a CdiA protein on the surface of 
their cells that interacts with a receptor protein in the outer membranes of 
adjacent bacteria. The CdiA protein then delivers a toxin domain into 
those target bacteria, killing them. We aim to characterize how the CdiA 
protein from E. coli strain EC93 binds to its receptor protein, BamA, to 
understand how the interaction between these two proteins leads to the 
toxin delivery process. We have identified specific amino acid residues 
in the CdiA receptor binding domain (RBD) that interact with BamA via 
site-specific photo-crosslinking. An unnatural, photoreactive amino acid 
was introduced at specific positions in the CdiA RBD sequence and then 
crosslinked to BamA by irradiation with UV light.  Using this method, 
we have identified residues in the N-terminal region of the RBD that 
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A. C. D’Angelo and K. V. Mills 
Department of Chemistry, College of the Holy Cross 

 
Halophiles are archaebacteria that are adapted to living in high salt 
environments that are otherwise hostile and deadly to other organisms. 
Haloquadratum walsbyi is one such halophile with four inteins 
interrupting the cdc 21 protein. Inteins are intervening polypeptides 
located between two flanking polypeptides, called exteins. The intein 
catalyzes its excision from the extein concomitant with the ligation of the 
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P. Jonak and T. Roach 

Department of Physics, College of the Holy Cross 
 
Research in our lab makes use of specialized lasers for manipulating the 
quantum states of atoms. These lasers emit light at precise frequencies (or 
wavelengths), corresponding to modes of oscillation. The light frequency 
is adjustable but shows complicated behavior, which has led us to study 
the physics of these laser frequency modes. The aim of this project was 
to improve the design and functionality of a laser spectrometer. We 
focused on two aspects: the spectrometer housing, and the software which 
collects and analyzes the spectrometer data. Our goal for the housing was 
to protect the sensitive optical equipment inside and ensure stable 
conditions, while still allowing easy access to the internal components. 
We achieved this through a modular design of aluminum panels. The 
aluminum provides high thermal mass and conductivity for even 
temperature distribution. The panels can be removed individually without 
disassembling the entire housing. This makes the components accessible, 
which is necessary during calibration or testing of the spectrometer. The 
panels can be replaced or modified as new needs arise, like adding 
connectors for external wiring. This allows for the design to evolve while 
maintaining its structure. Our goal for the software was to streamline 
design and improve functionality. We achieved this by automating the 
data collection and analysis components of the software. For example, we 
programmed the spectrometer camera to automatically adjust its exposure 
time to stop light saturation, which prevents accurate measurement of the 
laser frequencies. Additionally, we created an algorithm which identifies 
the laser beam positions on the camera image. This information is passed 
to other programs which use it to calculate the laser frequencies. 
Furthermore, we wrote software that automatically takes data at different 
laser injection currents, saves and formats them into a spreadsheet. In 
sum, these software improvements allow for rapid data analysis, meaning 
more time can be spent studying the underlying laser physics. 
 

We thank Janna L. Murgia-Hoppin ’98 and John W. Hoppin, Ph.D. ’98 
for their generous financial support. 
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J. Kelly, B. Lawton, and R. Bellin 
Department of Biology, College of the Holy Cross 

 
Vitrogel is a synthetic polymer that has properties similar to the 
extracellular matrix surrounding human mammary ductal epithelial cells. 
Our lab has hypothesized that Vitrogel could replace animal
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R. Weston and E. Landis 

Department of Chemistry, College of the Holy Cross 
 

The highly desirable nonreactive, conductive, and mesoporous surface of 
nanoporous gold can be formed through a dealloying process in 
concentrated nitric acid. Past research has indicated that terminal alkynes 
can be attached to the surface of gold with the formation of stable bonds, 
and maintain electrical conductivity. Our research focused on 
functionalizing nanoporous gold with varying molecules that each 
contained benzene rings with a terminal alkyne attached. The molecules 
varied in the functional groups or elements also attached to the benzene 
ring, including fluorine and carboxylic acid groups. The impact of these 
different groups’ molecular structure on overall electrical conductivity 
and stability was tested through analytical methods including cyclic 
voltammetry and x-ray photoelectron spectroscopy. The results show that 
these molecules also form stable bonds with the nanoporous gold’s 
surface, and the functionalized nanoporous gold maintains its electrical 
conductivity. 

 
We thank Patricia McGovern Hill ‘82 P12 and Peter J. Hill ’82 P12 
Family Summer Research Scholarship for financial support.'
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K. Wright; P. Levi; and I. Dragan 
Department of Periodontology and Office of Academic Affairs 

Tufts University School of Dental Medicine 
 
The aim of the internship program was dual: professional and personal 
development.
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Department of Chemistry, College of the Holy Cross 
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M. DiDominica, M. Qadri and G. DiGirolamo 
Department of Psychology, College of the Holy Cross 

 
Gist is the ability to extract meaning in the absence of detail following a 
brief glimpse of a scene or image. When radiologists view a half-second 
presentation of a breast mammography, they can detect cancer at above 
chance levels even when they report that they are just guessing, a sign of 
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D. Kreka, J. Chesslo, D. Burns, and R. Molt 
National Security Solutions, ENSCO Inc. 

 
There are many materials whose -nfra&ed (IR) signatures are 
uncharacterized. We may compute absorption energies/intensities via 
solving the Schrödinger equation for a particular material, but the 
environment determines the broadening effects of the observed IR 
spectrum. We implemented algorithms to compute the total broadening 
for thermal, pressure, and instrumental effects. This allowed us to 
determine when the Voigt convolution was necessary for ab initio 
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J. Guiry and A. Sheehy 

Department of Biology, College of the Holy Cross 
 

Currently, the HIV pandemic remains a substantial threat to certain 
vulnerable populations. Consequently, understanding the molecular 
details of host:viral interactions is imperative. APOBEC3G (A3G) is an 
innate restriction factor capable of suppressing HIV-1 infection by 
mutating the HIV genome during viral replication. Previously, we 
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S. Vermette and D. Damiano 
Department of Mathematics and Computer Science 

College of the Holy Cross 
 

Social networks can be modeled by mathematical networks which consist 
of nodes, representative of individuals, and edges, or the connections 
between these individuals. Our interest is in the development and 
changing of opinions across a network as individuals interact. A vector at 
a node represents an individual’s set of opinions, while the interaction 
between two individuals takes place within a vector space associated with 
their discourse. We use the Laplacian, a matrix representation of the 
interactions, to develop a model for opinion dynamics. With this 
information we construct a discourse sheaf, an algebraic structure 
developed by Hansen and Ghrist, over the opinion space that reveals the 
details of the changing opinions. In particular, we apply this method to 
Watts-Strogatz ring networks and small world models to investigate how 
certain individuals can influence a collection of opinions. 
 
We thank Dr. Dan Kennedy ‘68 for his generous contribution and 
continued financial support.'
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Standardized Quantitation of Neuronal Morphology in the 
Hippocampus 

K. Barahona, M. Rubert, and A. Basu 
Department of Psychology, College of the Holy Cross 

 
Cellular-level analysis of neuronal morphology is of high interest in the 
field of neuroscience to understand how factors such as the environment, 
genes, and drugs affect connectivity within a circuit or neural system, and 
thus behavior. Three dimensional reconstructions of neuronal 
morphology are used to obtain quantitative measurements of dendritic 
complexity such as dendritic length, branch number, and spine density. 
Since novice tracers differ from expert tracers in how they use 
reconstruction tools, we have developed a training process to standardize 
the quantitation of neuronal morphology in the mouse hippocampus. In 
our process, novice tracers trace each of four selected neurons four times. 
Key metrics from these tracings are compared to those obtained from 
expert tracings. Since the training protocol involves tracing the same 
neurons repeatedly, increased inter-rater and intra-rater reliability could 
be explained by practice effects rather than a learned skill. Therefore, we 
added a follow-up task of tracing three new neurons. If the training period 
results in skill acquisition, then measurements from the initial tracings of 
the new neurons should show high inter-rater and intra-rater reliability. 
Finally, we developed a standardized method to count dendritic spines 
using a hybrid of various methods from the published literature. We chose 
segments from distal and proximal regions of the dendritic arbor because 
a previously published developmental study on dendritic arborization in 
hippocampal neurons (Pokorný and Yamamoto, 1981) showed increased 
arborization in these regions between day 24 and 48, the post-weaning 
age range of interest for our studies of environmental enrichment in mice. 
We counted spines in a ten micron segment within one focal plane for 
each neuron. Ultimately, the purpose of the training process and 
development of these methods is to increase the standardization of 
quantitative analysis of neuronal morphology to a degree suitable for 
statistically reliable comparison of experimental groups. 
 
We thank the George Alden Trust and the Weiss Summer Research 
Program for financial support.' '
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A. Vrountas and M. Conley 
Department of History, College of the Holy Cross  

 
As a radical British journalist and politician, John Wilkes was a hero to 
the leaders of the American revolution. He gained fame on both sides of 
the Atlantic for his critiques of King George III, and for the 1763 
publication of the North Briton 45, a piece that resulted in his arrest under 
a general warrant for libel against the king. The arrest and his eventual 
imprisonment caused major uproar amongst the London mob, leading to 
the Massacre of St. George’s Fields in 1768, and attracting the attention 
of American colonists across the Atlantic. In America, and in the streets 
of London, Wilkes served as a martyr in the fight to protect British ideals 
of liberty. His cause highlighted the injustices of the tyrannical monarchy 
of George III. Despite popular outcry over Wilkes’s mistreatment, radical 
politics failed to pass any substantive parliamentary reform in Britain, 
only furthering American impatience with the possibilities of British 
reform and developing new conceptions of rights and citizenship in the 
American colonies. This research shows that the Wilkes affair both 
inspired American patriots like John Adams and Joseph Warren, who 
wrote directly to Wilkes, but also inspired colonists more widely through 
the dissemination of news about his case through both colonial 
newspapers and almanacs. 
 
Thank you to the Weiss Summer Research Program for its financial 
support. 
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4$3&X'Amphipholis squamata 
A. McGrath and J. McAlister 

Department of Biology, College of the Holy Cross 
 
Brooding is a life history strategy found in some small marine 
invertebrates, although it is relatively uncommon. Evolution has likely 
maintained brooding because the benefits of developing offspring 
internally likely outweigh the costs for these animals: however, the 
benefits versus costs of brooding have not been directly tested. This study 
aimed to investigate the benefits of brooding versus the costs of not 
brooding with respect to growth in juveniles of the Dwarf Brittle Star, 
Amphipholis squamata. For this study, adult brittle stars were stained 
with calcein fluorescent dye to mark growth before the start of the 
experimental period; stained juveniles were then dissected from the 
bursal slits of mothers at different weekly time points during juvenile 
development. The dissected brittle stars were compared to juveniles that 
emerged from mothers independently of researcher intervention. Images 
were collected at each weekly sampling event of the adult mothers and 
all juveniles; juveniles that emerged during the experimental period were 
photographed the day they emerged. ImageJ analysis software was used 
to measure various parameters of growth, relative to the calcein mark, 
during the 28-day experimental period. Arm length, width, and quantity 
of skeletal vertebral ossicles per arm were measured and compared across 
experimental sampling timepoints. Data collection and statistical 
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R. Dolan and T. Masvawure 
Health Studies Program, Center for Interdisciplinary Studies 

College of the Holy Cross 
 

Racism has always resulted in negative health consequences for people 
of color. Recently, though, these health effects have become far more 
apparent due to COVID-19. Consequently, the American Public Health 
Association has declared racism to be a public health crisis. We 
conducted in depth interviews with seventeen medical doctors (7 female, 
10 male) and examined their views and awareness of racism in the 
healthcare sector.  We found that none of the 17 MDs had received any 
formal training in racial equity, though eleven stated that their workplaces 
have now incorporated some type of diversity, equity, and inclusion 
(DEI) training.  Most MDs (16/17) reported that they were aware of 
structural racism but only ten (100% of women, 30% of men) seemed 
aware of it in their own facility. When asked about common challenges 
faced by patients, most providers highlighted the following: racism 
(12/17), immigration related barriers such as language, legal, or insurance 
barriers (11/17), environmental and safety related barriers such as 
pollution, transportation, or violence (13/17), and access to resources/ 
preventative care  (11/17).  Although it is encouraging that most MDs 
were aware of structural racism, it is clear that more training is needed to 
help MDs better understand how racism and sociological factors directly 
impact the health of patients. Additionally, MDs need a greater awareness 
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M. Girgis and A. Hill'
Department of Biology, College of the Holy Cross'
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M. Sexton and D. Tortorice, 

Department of Economics and Accounting, College of the Holy Cross 
  
Gavi, the Vaccine Alliance, was started in 1999 with funding from the 
Bill & Melinda Gates Foundation. One of the program’s primary goals is 
to provide protection to the most vulnerable children through 
immunization. In partnership with the World Health Organization, 
UNICEF, and the World Bank, Gavi has been able to vaccinate over 822 
million children and prevent 14 million future deaths. Through Gavi 
funding, countries across the globe have been able to improve nation 
building efforts and economic stability. Despite these positives, little 
research in the field has been conducted examining the overall impact of 
the program. Additionally, no paper has been written specifically 
focusing on India. As a country with a large birth cohort (approximately 
25.6 million), Gavi is not always able to readily fund vaccines for all 
infants at once. Thus, varied vaccine rollout plans are created which 
distribute vaccines to different districts in separate years. This variation 
allows us to examine how Gavi funding impacts vaccine coverage and 
morbidity in India across time and by vaccine. Using a regression 
framework with fixed effects at the cohort, household, and district levels, 
we find that Gavi increased overall vaccine coverage in India by 1.55 
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B. Connelly and S. DeSimone 
Department of Economics and Accounting, College of the Holy Cross 

 
Internal Audit Functions’ role in corporate governance is well 
documented and is considered one of the four cornerstones of corporate 
governance, along with the board, management and the external auditor. 
Internal controls and oversight can play a key role in predicting and 
preventing future accounting and financial reporting issues. In the context 
of the public sector, IAFs can also play an important role, in that they 
provide objective assessments of whether public resources are managed 
responsibly and effectively. A positive and significant relationship exists 
between the presence of an IAF and the use of an IAF external quality 
programs, and financial statement audit reportable conditions related to 
internal controls, and a negative relationship between Internal Audit 
Functions and restatements, suggesting IAFs help to improve financial 
reporting transparency. 
 
We would like to acknowledge the Weiss Summer Research Program for 
financial support.  
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T. Guan, H. Matsuo*, W. Myint*, and A. Sheehy 

Department of Biology, College of the Holy Cross 
*Center for Cancer Research, National Cancer Institute 

 
The anti-HIV restriction factor APOBEC3G (A3G) suppresses HIV 
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S. Suwal and S. Yuhl 

Department of History, College of the Holy Cross 
 
Since its inception in 2008, the Worcester LGBT Asylum Task Force has 
been helping hundreds of individuals from twenty different countries seek 
asylum on the basis of their sexual orientation. The Task Force is the only 
one of its kind in the country, uniquely serving its asylum seekers’ needs 
as they transition to life in the United States. Working closely with Pastor 
Judy Hanlon and Alford Green, director of the Task Force, we 
documented and archived the program’s history through a series of oral 
histories and physical and digital documents as a piece of the larger 
history of the queer community in Worcester. With help from the 
Worcester Historical Museum, we added to their LGBTQ+ Worcester 
History physical and digital archive and created a 360 virtual tour of For 
the Record, a 2019 temporary exhibition of Worcester’s LGBTQ+ 
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G. P. Morrissey and A. R. Luyster 
Department of Visual Art History, College of the Holy Cross 

 
The upcoming The Crusades and the Chertsey Tiles: A Medieval 
Masterpiece Reconstructed exhibition explores aesthetic borrowing and 
cultural exchange between the Byzantine and Islamic worlds and 
Medieval Western Europe during the Crusades. The exhibition leverages 
a wide range of artistic media, from textiles and metalworks, to luxury 
ceramics, to clarify the impact that art objects manufactured far away, 
particularly in the Byzantine and Islamic Mediterranean, had on the 
medieval visual culture of England. The exhibition highlights the 
Chertsey Combat Tile mosaic as a particularly compelling example of 
this cross-cultural exchange as the work depicts both King Richard the 
Lionheart and Saladin in battle and incorporates iconography inspired by 
eastern silks. As a summer research associate, I had the privilege of 
writing and designing the brochure for The Crusades and the Chertsey 
Tiles: A Medieval Masterpiece Reconstructed. Synthesizing information 
from Dr. Luyster’s initial exhibition proposal, I was able to draft brochure 
texts outlining the show’s mission and vision, project history, themes and 
layout, objects, and programming to be included in the exhibit. Using 
Adobe InDesign, I curated the graphic design template used for the layout 
of both the texts and object images that are included in the brochure. The 
Crusades and the Chertsey Tiles: A Medieval Masterpiece Reconstructed 
brochure will ultimately serve as not only a didactic tool for the exhibit, 
but also a marketing tool for potential investors and financial partners. It 
is going to print in late Summer 2021. 
 
We thank J.D. Power III '53 P93 and family through the Kenrose Kitchen 
Table Foundation for their financial support in this endeavor. 

!"#$%&'LD'
'

48:$6%#-#'3:/'4$A/8'"1'*8#$-:%'`R#6%%$'.-+-5# 
H. Cavanaugh and B. Linton 

Department of Chemistry, College of the Holy Cross 
  
β-sheet protein structures are often involved in amyloidosis, including 
Alzheimer’s disease, and thus their stability and aggregation have long 
been points of scientific interest. Our group has previously evidenced the 
viability of cystine tripeptide dimers to act as β-sheet mimics, due to their 
propensity to adopt a comparable conformation when dissolved in 
organic solvents. This is a direct result of internal hydrogen bonding 
interactions which have been identified and quantified through 
hydrogen/deuterium exchange. One of these mimic molecules, comprised 
of threonine, cystine, and leucine, has been synthesized in order to study 
the effects of the threonine sidechain on protein stability and aggregation. 



!"#$%&'LH'
'

K%#%3&56-:='*P^2>R(Q'-:')+%&-53<')'4A++%&'*"A&#%'9J,%&-%:5%'
M. Lorenz, M



!"#$%&'LL'
'

."$-":'43+%g>-11%&%:$'!&"5%##-:='-:'!-=%":#'
L. Bernier and M. Qadri 

Department of Psychology, College of the Holy Cross 
 
Pigeons are able to learn same/different concepts through training. The 
same/different task can investigate the internal representation that an 
observer uses when processing stimuli. We used a same/different 
categorization task to understand how pigeons process and represent 
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C. Bachez, A. Toth, and V. Pacheco 
Department of Visual Arts, College of the Holy Cross 

 
Having attended the college for two years (one of which was purely 
online), we have felt a sort of disconnectedness: a disconnectedness from 
not only the College but also with the city of Worcester. Over 2020, we 
found ourselves becoming more and more interested in both art and the 
city. We have fallen in love with the murals, the businesses and the people 
here and want to get more Holy Cross students involved in the good things 
that are going on here. We are doing this through celebrating individuals 
whose activism, work, art, leadership, and dedication contributes to 
Worcester's rich culture, diversity, history, community, and potential. We 
have created a street art and stencil style painting on a wood panel, a 
website to accompany the piece wherever it may travel to as well as a 
documentary to show our process and elaborate on the elements included. 
In hopes of increasing students' awareness and engagement in the city and 
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E. Florez-Villamarin and B. Franco 
Department of Spanish, College of the Holy Cross 

 
Have you ever wondered why we see a lack of racial diversity and 
representation in Hollywood films? Did you ever consider how issues of 
representation in media play out in other parts of the world, specifically 
Latin America? My interdisciplinary research project focuses on Afro-
Colombian and Afro-Venezuelan representation in contemporary Latin 
American cinema. Historically, Afro




