
2026 Class of Astronaut Scholars
The Innovators of Tomorrow

Research Presentations



1 ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

2026 CLASS OF ASTRONAUT SCHOLARS
I N N O V A T O R S  O F  T O M O R R O W

Cade Alaniz
Texas A&M University

Sponsored by the         
Wreyford Family Foundation

Paige Barta
United States                                      

Military Academy
Sponsored by General Newton III,        

In Honor of General Newton II Class of 
1950 and Astronauts Mike Mullane & 

Bill McArthur

Vidhi Bakshi
Ohio State University

Sponsored by               
McWane Ductile

Cristian Barinaga
Purdue University

Sponsored by                       
Kathy & Dick Covey and         

the CoveyLove Fund

Olga Achmatowicz
Colorado State 

University
Sponsored by                  

Marion Esser Kaufmann 
Foundation

Madelyn Sloan Berry
Mississippi State 

University
Sponsored by Ray Gildea, 

In Honor of Mississippi 
Astronauts

Aletta Bartok
University of Minnesota

Sponsored by                            
Don & Lorraine Freeberg 

Foundation

Charles Behrman
Purdue University

Sponsored by Jim Hays,         
In Memory of Gene Cernan

Arthur Benson
University of Kansas

Sponsored by                     
Jeanie Engle, In Honor of   

Maj. Gen. Joe Engle

Marlena Berger
University of Rochester

Julia Coric
Washington University     

in St. Louis

Jack Carson
Massachusetts Institute 

of Technology

Marissa Boucher
University of Chicago

Keanu Brayman*
University of                   

Central Florida

Zachary Cooper
University of California, 

Berkeley
Sponsored by               

Vallarie & Ox Van Hoften

Carys Daly
Florida Institute of 

Technology
Sponsored by                            

Matching Funds from                           
Florida Institute of 

Technology

Kyle Coutray*
University of Central 

Florida
Sponsored by

Matching Funds 
from the University of               

Central Florida

Kenna Cummings
Syracuse University

Arianna Dambold
University of Oklahoma

Sponsored by 
Founders for the Future

Asher Ferreira
University of Colorado 

Boulder
Sponsored by

Founders for the Future

Ojas Gupta
Georgia Institute of 

Technology
Sponsored by

Georgia Tech Astronaut 
Scholar Alumni

Anna Hagberg
University of Colorado Boulder

Sponsored by
Steve & Jill Wirth,                                                   

In Memory of                                         
Scott Carpenter

Noor Harwell
Howard University

Sponsored by                     
Blue Origin and The Harris 

Foundation & the HBCU 
Astronaut Group, In Honor 

of Michael Anderson

Grace Gratton*
Embry-Riddle                 

Aeronautical University
Sponsored by                                       
Embry-Riddle       

Aeronautical University 
Astronaut Alumni,          

Preston Root, Aldrin 
Family Foundation, and             

Copper Moon Coffee

Vincent Griffo
Georgia Institute of 

Technology
Sponsored by                

Tranquility Lodge #2000 
and the McGuinn Family 

Foundation



ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026 2ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

Matias Moreno
Pennsylvania State 

University

Neel Moudgal
University of Michigan

Sponsored by
Dr. James Mault,            

In Memory of
Dr. Robert Bartlett

David Nguyen
Louisiana State University

Sponsored by                   
Matching funds from              

Louisiana State University

Samuel Orgeldinger
Colorado School of Mines

Sponsored by                                
Marion Esser Kaufmann 

Foundation

Eirik Mulder*
Auburn University

Sponsored by
Amentum

Joshua Ikehara
Harvey Mudd College
Sponsored by Amentum

Coleman Hines
North Carolina                

State University
Sponsored by Lenovo

Sara Kaufman
Johns Hopkins University

Kamrynn Kelly*
United States Air Force 

Academy
Sponsored by                      

Mary & Curt Brown

Andrew Hodges, Jr.
Clemson University

William Stratton Knuth
The Citadel

Sponsored by                                       
Ed & Wanda DeSeta

Damien Koon
Florida Institute                   
of Technology

Henry Kopp
University of Minnesota

Sponsored by                           
The Slayton Family, In 

Memory of Deke Slayton

Shreya Krishnan
Purdue University

Sponsored by                         
Pete & Terri Cramer

Benjamin Kwait-Gonchar
Rice University
Sponsored by the                          

James A. Lovell, Jr.                               
Family Endowment

Brennan Lee
University of Chicago

Sponsored by                    
Citadel | Citadel Securities

Victoria Little
North Carolina                  

A&T State University
Sponsored by                       

The Harris Foundation &  
the HBCU Astronaut Group, 
In Honor of Ronald McNair

Micaiah Lee
University of Virginia

Sponsored by Amentum

Aaron Lim
University of Oklahoma

Avery Love*
North Carolina                   

A&T State University

Siena Madsen
Miami University

Sponsored by             
Founders for the Future

Jessica May
Virginia Polytechnic 
Institute and State 

University
Sponsored by Amentum

Maxwell Mamishev
University of Illinois

Sponsored by Amentum

Joshua Mathew
University of Maryland
Sponsored by Jim Long 

and Astronauts Kathy 
Sullivan, Wendy Lawrence 

& Barbara Morgan, In 
Memory of Judy Resnik

Caden McCollum
Miami University

Sponsored by           
Matching funds from       

Miami University

Cole Miller
University of Cincinnati

Sponsored by                  
University of Cincinnati

Angela Milo
Harvey Mudd College

Sponsored by           
Founders for the Future

Mason McCormack
University of Chicago

Sponsored by            
Matching Funds from the 

University of Chicago

Sara McGinnis
Miami University

Anisha Menezes
Texas A&M University

Sponsored by                                
Matching funds from                     

Texas A&M University
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Supriya Roy
University of Arizona

Ishaan Singh*
Purdue University

Purdue Matching 
Scholar Sponsored by                        
Marc & Sharon Hagle

Ahmed Sharara
University of Minnesota

Sponsored by                       
Matching Funds from

University of Minnesota

Sadie Shudde
Tarleton State University

Sponsored by                              
the Charlie and Dorothy 

Duke Endowed Astronaut 
Scholarship

Aleena Sklyar
Tufts University

Sponsored by                   
Anonymous

Casia Steinhaus
University of North Dakota

Sponsored by the University of 
North Dakota Colleges, Veteran 
NASA Astronauts Karen Nyberg 

& Doug Hurley, Tim & Becky 
O’Keefe, and Linda Pancratz

Fir R. Takacs
Virginia Polytechnic
Institute and State 

University
Sponsored by                    

Founders for the Future

Peyton Summerhill
Montana State University

Cliff Sun
University of Illinois

Sponsored by                    
Founders for the Future

Joshua Taggart
University of                  

Central Florida
Sponsored by

Matching Funds 
from the University of                   

Central Florida and Qorvo

Samuel Woolsey
Georgia Institute of 

Technology

Andy Zhang
Drexel University

Sponsored by                               
Boeing and Astronauts              

Chris Ferguson & Paul Richards

Sophia Zhou
University of Kentucky

Raihanna Terrell*
Spelman College

Sponsored by                                          
The Harris Foundation &                     

the HBCU Astronaut Group

Gabriel                             
Pacheco-Ethridge

Louisiana State University

Turner Person
North Dakota State 

University

Mark Platonov
University of Washington

Sponsored by                             
The Leslie Way ASF Fund              

Mark Doll, Carol & John Tyler

Gowri Ramaprasad
United States                    

Air Force Academy
Sponsored by                   

Lynne & Charlie Precourt

Fiona Romanoschi
University of Texas at Austin

Sponsored by                            
Valkyrie

India White
Mississippi State 

University
Sponsored by                

Founders for the Future 
and the McGuinn Family 

Foundation

Anna Williams
Colorado School of Mines

Sponsored by                          
Matching Funds from             

Colorado School of Mines

Joshua Woolf
Utah State University

Sponsored by                      
Veteran NASA Astronaut 

Mary Cleave

Jasmine Trotter
University of Southern 

California
Sponsored by                           

The Leslie Way ASF Fund 
Mark Doll, Carol & John Tyler

Tyrah Weems
Morgan State University

Sponsored by                              
The Harris Foundation & the 

HBCU Astronaut Group

40+
Years of ASF

950+
Astronaut Scholars

55
University Partners

$10M+
Awarded

ASF BY THE NUMBERS

*Renewal Scholar



ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

The Astronaut Scholarship Foundation is honored to work 
with the family of astronaut Michael Collins to present The 
Michael Collins Family Professional Development Program. 
Michael Collins valued a world view he expressed aboard 
Apollo 11, “Houston, I’ve got the world in my window.” He 
believed that all of us can have the world in our window. 

If our future leaders—including the Astronaut Scholars—
could see their planet from a great distance, their outlook 
would be fundamentally changed. This outlook’s meaning can 
only be fully understood if communicated both verbally and in 
writing. For this reason, Michael Collins placed a high value 
on one’s ability to communicate effectively. While Michael 
Collins appreciated the value of STEM education, he felt it 
was missing a component of strong communication skills. He 
advocated changing STEM to STEEM (the additional “E” for 
“Eloquence”). 

Astronaut Scholars are remarkably driven, rank at the top of 
their class, and are exceptionally focused and resourceful, 
especially in their fields of expertise. Through their research 
and entrepreneurial spirit, Astronaut Scholars change the 
world and drive innovation. The Michael Collins Family 
Professional Development Program provides support 
throughout their careers by coaching, building business 
skills, leadership development training, and professional 
insights based on real world experiences effectively preparing 
tomorrow’s leaders.  

“As a family, we are honored to have the opportunity 
to be part of such a worthwhile program. The ASF 
Astronaut Scholars represent the legacy of the 
astronauts, exemplifying their character and drive. 
In meeting the Astronaut Scholars, you see first-hand 
the impact a program like this has on their careers and 
their personal development.”

– The Michael Collins Family

Lisa Schott  

Carol Fitzgerald Tyler

McKenna Taylor 

Michael Marksbery

Abigail Glover

Ashley Hayden Monahan
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Dr. Jarret Lafleur
Ursa Major Technologies

Introducing the Ursa Major HAVOC Missile System: 				  
A New Class of Affordable Hypersonic Capability

As technology advances within the United States and globally, the timescales on which and ways by which armed conflicts 
arise, are fought, and conclude also continue to evolve.  Over the past decade the United States has increasingly faced 
competitors, including peers and near-peers, who threaten rapid military interventions against the United States and our 
allies and partners. These potential adversaries have now deployed high-end defensive and anti-access systems that 
will challenge our nation’s ability to deter and defend against these attacks. 

The United States is developing conventionally-armed, survivable, long-range hypersonic strike systems to counter 
these adversary capabilities and to complement other strike and defense systems. Hypersonic systems sustain flight at or above Mach 
5 (roughly one mile per second), enabling the potential for a U.S. response to a contingency in minutes rather than hours. The hypersonic 
systems we are developing are survivable by design, flying high, fast, and maneuvering to credibly threaten and, if necessary, defeat heavily 
defended targets. Their range allows us to deter an adversary while operating from relative sanctuary, hundreds or thousands of miles away. 

There has been a recent recognition that the exquisite but expensive capabilities of the nation’s first generation of hypersonic systems now in 
development require a complement: hypersonic affordable mass.  Ursa Major Technologies recognizes that the nation needs to apply best 
practices from across American industry to build flexible and rapidly manufacturable families of hypersonic and long-range strike weapons. 
They must be adaptable to evolving threats, deployable across multiple domains, and available in numbers that make them a true deterrent. 

Ursa Major is one of a small number of U.S. companies with demonstrated competency in designing, producing, and flying both solid rocket 
motors and liquid rocket engines, and the only such company to do so with a demonstrated focus on rapid design iteration and production.  
One of our most recent successes applied our rapid development capabilities to integrated vehicle design, production, and testing for 
the Air Force Research Laboratory (AFRL) Affordable Rapid Missile Demonstration (ARMD) program, whereby Ursa Major tested a new 
“adaptable boost” class of vehicle twice in 45 days, within a year of contract initiation.  ARMD took advantage of the Draper liquid rocket 
engine powered by the non-toxic storable propellants of hydrogen peroxide and kerosene.  With the storability of a solid motor and the 
maneuverability of a liquid system, Draper is reusable, throttleable, and safe. 

In early 2026, Ursa Major announced the design of the HAVOC hypersonic missile system. This system, based on Ursa Major’s liquid 
rocket engine and solid rocket motor propulsion technologies, provides a new class of hypersonic weapon to the nation’s arsenal. 
When paired with other classes of weapons, HAVOC provides unique, affordable mass options to hold targets at risk and complicate 
adversary defenses.  Moreover, HAVOC is engineered for rapid production and scalability, addressing the growing need for optionality 
in survivable, maneuverable hypersonic systems that can be fielded in operationally relevant quantities.  HAVOC represents a highly 
capable, next-generation hypersonic missile capability designed to meet the demands of today’s threat environment and the evolving 
needs of the joint force. 

About Dr. Lafleur
Dr. Jarret Lafleur is Chief Engineer for Hypersonics at Ursa Major Technologies, a venture-backed aerospace and defense company 
delivering breakthrough hypersonic solutions powered by liquid rocket engines, solid rocket motors, and space mobility systems at the 
speed and scale government and industry need. Dr. Lafleur is spearheading development of the strategic vision and design of a new, cutting-
edge class of hypersonic vehicle that takes advantage of Ursa Major’s liquid rocket engine using safe, storable propellants. 
 
Prior to Ursa Major, Dr. Lafleur served in the Office of the Under Secretary of Defense for Research & Engineering as senior advisor to the 
Principal Director for Hypersonics for strike systems strategy and policy. Dr. Lafleur also served as senior technical advisor to the Deputy 
Assistant Secretary of Defense for Nuclear and Missile Defense Policy, contributing to the 2018 Nuclear Posture Review and serving as the 
principal staff advisor for Nuclear Weapons Council matters in the Office of the Under Secretary of Defense for Policy. He has been twice 
awarded the Office of the Secretary of Defense Medal for Exceptional Public Service. 
 
Dr. Lafleur has also served in technical staff roles at Sandia National Laboratories, conducting defense system trade studies and decision 
analyses for the Departments of Defense and Energy. Prior to Sandia, Dr. Lafleur also served in rotational assignments to the NASA Jet 
Propulsion Laboratory, NASA White Sands Test Facility, and NASA Johnson Space Center, including hypersonic flight mechanics and 
trajectory design for spacecraft entering the atmospheres of Earth and Mars. He holds a Ph.D. in Aerospace Engineering from the Georgia 
Institute of Technology, is a certificated sport pilot, AIAA Associate Fellow, and a 2005 & 2006 Astronaut Scholar from Georgia Tech. 

HONOREE, NEIL ARMSTRONG™ AWARD OF EXCELLENCE  
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The Astronaut Scholarship Foundation leverages the knowledge, experience, and 
network of astronauts, successful business and industry leaders, as well as scholar 
alumni who have successfully navigated their careers and are willing to mentor 
others. The insight passed from mentor to mentee propels scholars in a direction to 
fully recognize and utilize their world-changing potential. 

The structure of the mentorship program is based on the sharing of knowledge and 
wisdom to promote successful researchers, professionals, and world-changers. 
Age and wisdom fuel the mentor in advising and steering the up-and-coming 
professional with information, understanding, and insight that only time and past 
experiences can provide. Through this program, we offer the opportunity to build 
peer support and friendships as well as guidance to help the students transition 
into the workforce or navigate their next career steps. Often, new or discounted 
directions and options are discovered that without these relationships, would never 
be imagined or considered. 

Interested in becoming a mentor?
Contact us at programs@astronautscholarship.org. 

BECOME A MENTOR

HISTORY OF THE ASTRONAUT SCHOLARSHIP FOUNDATION 

More than forty years ago, the six surviving Mercury 7 astronauts – Scott Carpenter, 
Gordon Cooper, John Glenn, Walter Schirra, Alan Shepard and Deke Slayton – 
came together with the goal of using their joint credibility to encourage students 
to pursue scientific endeavors. That idea led to the formation of the Mercury 7 
Foundation, which later became the Astronaut Scholarship Foundation (ASF). 
Astronauts from the Gemini, Apollo, Skylab, Space Shuttle and International 
Space Station programs have joined in the mission. Through the garnered support 
of astronauts, industry leaders, educational institutions and patrons, ASF awards 
merit-based scholarships to the best and brightest university students who excel 
in science, technology, engineering and mathematics (STEM). The prestigious 
Astronaut Scholarship is known nationwide for being among the highest monetary 
scholarships awarded to undergraduate STEM students. ASF has a life-long 
relationship with each Astronaut Scholar and provides them with mentors, 
professional and personal development, and networking with astronauts, C-suite 
level executives, and industry leaders to help advance their careers. 
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ASTRONAUT SCHOLAR TECHNICAL CONFERENCE
HOSTS AND MODERATORS

Carol Fitzgerald Tyler

Carol Fitzgerald Tyler is a globally recognized transformation executive, author, speaker, and change leadership 
strategist who has spent more than 35 years helping organizations navigate complexity, accelerate innovation, and 
achieve breakthrough business results. As Global Head of Organizational Change Management, she partners with 
executive leaders and global enterprises to transform vision into action—guiding large-scale business and digital 
transformations that reshape organizations, empower workforces, and deliver lasting business value. 

Renowned for her ability to bridge technology and humanity, Carol helps organizations unlock the full potential of 
transformation by aligning leadership, culture, communications, learning, and adoption strategies. Her expertise 
spans global ERP and digital modernization initiatives, organizational readiness, workforce transformation, and 
customer success, enabling organizations around the world to move beyond implementation and realize meaningful, 
sustainable outcomes. 

A passionate advocate for innovation, leadership, and lifelong learning, Carol is a published author, executive mentor, and sought-
after international speaker whose insights inspire audiences to embrace change as a catalyst for growth. Beyond her corporate 
leadership, she serves as an ASF Board of Trustees member, scholar selector, Technical Conference host, and mentor for the 
Astronaut Scholarship Foundation.  Through ASF, she is the co-founder of The Leslie Way ASF Fund and also serves on the Board 
of Directors for SpaceKids Global advancing the next generations of scientists, engineers, innovators, and explorers. 

Known for her authentic leadership style and unwavering commitment to helping others succeed, Carol believes the most 
successful transformations are powered not by technology alone, but by people. Whether speaking about leadership, 
communication, organizational change, innovation, or the future of work, she challenges audiences to think and dream bigger, 
lead with courage, and transform possibility into reality. 

A four-time marathoner, Carol embodies the resilience, discipline, and determination that define both transformational leadership 
and personal achievement. Her message is simple yet powerful: Transformation isn’t just about changing systems or processes—
it’s about inspiring people to achieve what they never thought possible. When people are inspired, empowered, and heard, 
extraordinary things happen.

Ashley Hayden Monahan, PhD
Ashley Hayden Monahan, PhD, is a neuroscientist, science communication expert, and artist. She is currently 
a Senior Medical Writer at OPEN Health where she designs peer to peer education materials for high-visibility 
weight loss medications. She is also the founder of SciComm Consulting LLC, where she helps scientists and 
organizations communicate complex ideas through compelling storytelling and scientific visualization. Ashley also 
serves as Head of Marketing for ComSciCon USA and is a member of ASF’s Programs Committee and Strategic 
Planning Task Force. She is an ASF mentor and also a member of American Dream Makers. Passionate about 
bridging the gap between science and communication, her mission is to help scientists translate their work into 
clear, engaging narratives that inspire.

McKenna Taylor
2024 Astronaut Scholar McKenna Taylor is a graduate student at the Florida Institute of Technology pursuing her 
M.S. in Cell and Molecular Biology, having previously earned bachelor’s degrees in Astronomy & Astrophysics and 
Astrobiology. Her research investigates the potential of bacteria isolated from International Space Station-derived 
microbial cultures to promote plant growth under simulated microgravity conditions, with the goal of advancing 
sustainable agriculture for future space exploration.
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Abigail Glover
Abigail Glover is a PhD student in Space Resources at the Colorado School of Mines, where 
her research focuses on advancing lunar surface operations by integrating geotechnical 
engineering, rover autonomy, and human-systems integration (HSI). As a graduate research 
assistant in the Robotic Space Exploration (RoSE) Lab, her work uses machine learning 
to fuse proprioceptive sensor data, enabling autonomous and semi-autonomous rovers to 
detect and adapt to terrain variations in real time. Her professional background includes 
working at NASA’s Kennedy Space Center within the Exploration Ground Systems (EGS) 
HSI team as an intern since 2024, a project manager for the RIDER testbed at the University 
of Central Florida’s Exolith Lab, and quantifying the Cone Penetration Tester (CPT) for the 

SPARTA Toolkit developed by Jet Propulsion Laboratory. Abigail is a 2024 Astronaut Scholar from the University of Central 
Florida, where she earned her bachelor’s degree in mechanical engineering with minors in mathematics and astronomy.

ASTRONAUT SCHOLAR TECHNICAL CONFERENCE

SESSION 1 – FRIDAY, AUGUST 14  | 8:30 AM – NOON

Please note that presentation times are estimated and subject to change.

8:30 AM Welcome & Opening

8:35 AM Fiona Romanoschi Learning Reduced-Order Dynamics of Pine Island Glacier Using Operator Inference

8:43 AM Coleman Hines New Solutions to the One-Phase Free-Boundary Problem

8:51 AM Sadie Shudde Simulating Mechanisms of Atrial Fibrillation With an Interactive N-body Model

8:59 AM Raihanna Terrell Investigating the Association Between ABCA7 Genetic Variants and Alzheimer’s Disease Risk in 
African Americans Using the All of Us Research Program

9:07 AM Shreya Krishnan A Computational Microscope to Analyze Calmodulin Complexes

9:15 AM Ojas Gupta Identifying Fold Switching Proteins in the Human Proteome

9:23 AM Victoria Little Understanding the Direct Impact of Agonistic Immunotherapies on Glioblastoma Cells

9:31 AM Zachary Cooper Substrate-Linked Continuous Evolution of Bridge Recombinases in Human Cells

9:39 AM Sara Kaufman Toward Cardiac Tissue Engineering: hPSC-Cardiomyocyte Differentiation and Bioprinting

9:47 AM Micaiah Lee Activation of immune cells on Earth and in microgravity using mechanically defined substrates

9:55 AM Ahmed Sharara Neonatal-Like Biomechanical Cues Drive WNT- and CKS1B-Mediated Proliferation of Late-Stage 
Human Cardiomyocytes

10:03 AM Arianna Dambold Label-Free Flow Cytometry for Single-Cell Nanoparticle Delivery Analysis

10:11 AM Break

10:27 AM Jack Carson Mechanistically Grounded Virtual Metabolism Under Genetic Perturbation

10:35 AM Brennan Lee On-Demand Electrochemical Hydrogen Generation for Targeted Ischemia-Reperfusion Therapy

10:43 AM Aaron Lim Mapping the Legal and Regulatory Pathways That Shape Prescription Drug Access and Affordability

10:51 AM Siena Madsen Biosynthesis of Bretisilocin in E. coli

10:59 AM Ishaan Singh Pretrained Representations for Molecular Generation

11:07 AM Joshua Mathew Molecular Determinants of Per- and Polyfluoroalkyl Substances Binding to Estrogen Receptors

11:15 AM Aleena Sklyar Controlling Deoxy Sugar Glycosylation with Sulfonates

11:23 AM Asher Ferreira iScreen Cone: A Tasty New Method for Finding Antibiotics

11:31 AM Neel Moudgal From Molecules to Mirror Life: The Universal Impact of Chirality

11:39 AM Olga Achmatowicz Commercially Available Halobenzenes as Effective Halogen Transfer Reagents for Base-Promoted 
C-H Oxidative Coupling Reactions

11:47 AM Angela Milo Selective Sequential Depolymerization of Mixed Plastics Mediated by Photothermal Conversion

11:55 AM Matias Moreno Real-Time Structure and Activity of Copper Electrocatalysts for Improved Electrochemical Purification

12:03 PM Closing Remarks
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SESSION 2 – FRIDAY, AUGUST 14   | 3:00 – 6:00 PM
3:00 PM Welcome & Opening
3:05 PM Cade Alaniz Evaluating Insertion-type Electrodes to Realize Rechargeable Fluoride-ion Cells
3:13 PM Avery Love Determining the mechanism of action of Retro compounds in the fungal GET pathway
3:21 PM Arthur Benson Interfacial Behavior of Polysulfide-Encapsulating Electrolytes in Lithium–Sulfur Batteries
3:29 PM Peyton Summerhill Refinement of Statistical Mechanical Modeling Methods for Gas Adsorption
3:37 PM Benjamin Kwait-Gonchar Amyloids as Catalysts for RNA Polymerization on Prebiotic Earth
3:45 PM David Nguyen Optimizing the Superconductive Properties of Zr_2Co Using Y and Nb Doping
3:53 PM Cliff Sun Superconducting Nanowires for Classical and Quantum Logic
4:01 PM Charles Behrman Improving Efficiency and Physical Accuracy in Particle-in-Cell Simulations for Plasma 

Systems
4:09 PM Casia Steinhaus Electron Cyclotron Emission Real-time Core Electron Temperature Diagnostic for ITER
4:17 PM Damien Koon Wentzell Boundary Conditions on Global Anti de-Sitter Spacetime
4:25 PM Break
4:41 PM Fir Takacs Improving Quantum Technology with Doodles
4:49 PM Caden McCollum Robustness and Sensitivity of Photon Blockade to Two-Atom Coupling in a Tavis-Cummings 

System
4:57 PM Marissa Boucher Efficient Calculation of Signal Propagation Times for Radio-Based Neutrino Detection
5:05 PM Andrew Hodges, Jr. Low-Resource Systems to Enable Suborbital Measurements of Total Electron Content and 

Cosmic Ray Fluxes
5:13 PM Gowri Ramaprasad Characterizing Reentry Environments Through Optical Emission Spectroscopy
5:21 PM Cole Miller Hyperspectral Polarization-Resolved Imaging from Space for Astrophysics and Earth 

Science
5:29 PM Marlena Berger Development of a Laser Doppler Velocity Sensor for High-Precision Airborne Gravimetry
5:37 PM Supriya Roy Tailored 3D-printed Microlens Arrays for Increased Illumination Efficiency in Imaging Fiber 

Bundles
5:45 PM Anna Hagberg SO2… What’s Next?: Automating the Detection of SO2 Interference in Ozonesonde Profiles 

in Volcanic Regions
5:53 PM Closing Remarks
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SESSION 3 – SATURDAY, AUGUST 15  | 8:30 AM – 12:30 PM

8:30 AM Welcome & Opening
8:35 AM Jarret Lafleur Introducing the Ursa Major HAVOC Missile System:  A New Class of Affordable Hypersonic 

Capability
8:43 AM Jazzie Trotter Development of a Ductile High-Performance Solid Propellant for Complex Grain Geometries
8:51 AM Turner Person Development of an Automated Hot-Fire Control System for an Optically Clear PMMA/GOx 

Hybrid Rocket Motor
8:59 AM Mark Platonov Structural Health Monitoring of Metamaterials
9:07 AM Kamrynn Kelly Application of Batch Filtering Techniques to FalconSAT-6 Orbit Determination
9:15 AM Eirik Mulder Spatial Analysis and Design of Large Spacecraft Constellations
9:23 AM Maxwell Mamishev Detection and Distrimination of Cold Atmospheric Plasma Sources in Outdoor Environments
9:31 AM Madelyn Sloan Berry Development of a Low-Cost Multispectral Sensing Payload for the Detection of Environmental 

Hazards
9:39 AM Keanu Brayman Laser Beam Welding Advancements for In-Space Servicing, Assembly, and Manufacturing
9:47 AM Mason McCormack Catching Dust from the Edge of Space: Particle Acquisition from Stratospheric Conditions for 

Analysis in Laboratory (PASCAL)
9:55 AM Grace Gratton Characterizing the Solar Sources of Periodic Mesoscale Solar Wind Structures Responsible for 

Radiation Belt Particle Loss
10:03 AM Aletta Bartok Modeling Graphite Saturation and Atmospheric Evolution in Soot-Rich Exoplanets
10:11 AM Break
10:27 AM Samuel Orgeldinger Development of a Cryogenic DESI Mass Spectrometry Method for Detecting Labile Organic 

Compounds in Planetary Analog Samples
10:35 AM Kenna Cummings Relating Greenland’s Geothermal Structure to Ice Sheet Stability Using Ambient Seismic Noise
10:43 AM Jessica May Automated Tools for Bayesian Integrated Testing
10:51 AM Vidhi Bakshi Continually Adapt or Not (CAN): A Benchmark for Adaptive Machine Learning in Wildlife 

Monitoring
10:59 AM Joshua Taggart Robust AlN MEMS Resonators for High Temperature Space Environments
11:07 AM Joshua Ikehara Investigating Structural Impacts on the Thermal and Physical Properties of One-Dimensional 

Copper(I)-Imidazolate Coordination Polymers
11:15 AM Henry Kopp Flue Gas CO2 Separation Using Facilitated Transport Hybrid Membranes
11:23 AM Sam Woolsey Modeling of Wake Effects in Floating Offshore Wind Farms Using Artificial Neural Networks
11:31 AM Joshua Woolf Waste Heat Recovery System for Electric Vehicle Wireless Charger
11:39 AM Paige Barta Predicting Postural Stability States using Wearable Sensors and Machine Learning: 

Applications for Athletic and Military Environments
11:47 AM Gabriel Pacheco-Ethridge A Tri-Modal Machine Learning Pipeline for Behavioral Analysis in Dementia-Related 

Conversational Data
11:55 AM Sophia Zhou Environmental Influences on Insect Physiology: From Computational Thermal Tolerance to 

RNAi Efficacy
12:03 PM Vincent Griffo Development of a Hybrid Wheel-Legged Robot for Adaptive Multimodal Locomotion
12:11 PM Closing Remarks
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Olga Achmatowicz
Colorado State University
 
Commercially Available Halobenzenes as Effective Halogen Transfer Reagents for Base-Promoted            			 
C-H Oxidative Coupling Reactions 
The direct functionalization of C-H bonds is a valuable synthetic tool that allows for the streamlined transformation of abundant C-H 
bonds into diverse functional groups, avoiding multistep operations to access structural motifs of profound value as intermediates or 
products within the medicinal industries. These reactions can often be applied to modify complex molecules at late stages, providing 
facile, environmentally friendly access to a wide variety of biologically relevant compounds and build extensive libraries. In this talk, I 
will present a highlight of my recent work in which inexpensive, commercial halobenzenes are utilized as a new, attractive approach to 
developing these reactions.

Over the past several decades, numerous mechanistic approaches for C-H functionalization have emerged, typically relying on 
transition metals or radical intermediates; however, there remains a need for a practical and direct C-H coupling approach that is 
guided by alternative properties (e.g., pKa) that can overcome existing scope and/or selectivity limitations and provide new unique 
synthetic opportunities. To this end, the Bandar Group has recently developed a deprotonative CH oxidative coupling strategy, wherein 
tandem deprotonation, halogenation, and substitution act synergistically to provide the desired functionalized product. For example, 
in the presence of a strong base (e.g., tert-butoxide), the substrate is deprotonated, and the transiently formed anion is halogenated 
through a sacrificial aromatic halogen transfer reagent (XTR). In the presence of nucleophile, the halogenated intermediate undergoes 
irreversible substitution, thus driving the reaction toward effective product formation. Our approach has led to a powerful general reactivity 
platform for the direct C-H coupling reactions of N-heteroaryl and benzylic C-H bonds with alcohols and amines. Notable features of this 
chemistry include reactivity guided by pKa, utilization of practical reagents, and the development of unique site-selectivity and expanded 
scopes compared to the previously mentioned methods. 

The halogen transfer reactivity demonstrated in the Bandar Group methods has established new pathways towards the activation of 
previously unreported substrates, yet there are still limitations that remain, primarily surrounding the sacrificial halogen source that we 
term a halogen transfer reagent (XTR). The XTR required for many of these reactions is limited to a halothiophene scaffold, which are 
prone to disproportionation in basic conditions. This was overcome by the  design of the benzothiophene scaffold; however, these are 
not commercially available and therefore require a complex multistep synthesis.

My work sought to show that this aforementioned reactivity is not unique for the thiophene scaffold of our currently utilized XTRs and that 
commercial, inexpensive halobenzenes can be utilized as oxidants that can be tailored to the structural features or electronics of specific 
substrates. Guided by the observation of halogen movement on sp2 systems under basic conditions, we hypothesized that sp2 systems 
(e.g., simple halobenzenes) can function as XTRs and have the potential to replace the thiophene scaffold. After studying a multitude 
of compounds, I was able to identify an array of simple reagents that provide a much more extensive, modular, and desirable means 
towards in situ oxidative functionalizations. The use of inexpensive, commercial aryl halide reagents to enable direct and scalable 
methods will improve access to halogen transfer chemistry for all laboratories, regardless of their financial situations, advancing equity in 
the pharmaceutical sciences and improving the synthesis of desired chemicals.

About Olga
Olga Achmatowicz is a rising senior at Colorado State University (CSU) studying Chemistry with a Health Sciences concentration. 
Hailing from a long line of organic chemists, she had the privilege of early exposure to the laboratory setting, extensive scientific lectures, 
and a strong sense of curiosity—the catalyst for her long-term goal of obtaining a Ph.D. and becoming a chemist in the pharmaceutical 
industry, to further the research and development of novel therapeutics that revolutionize the modern world. 

Currently working as an undergraduate student researcher in Dr. Jeff Bandar’s organic synthesis lab at CSU, she is investigating C-H 
oxidative coupling reactions enabled by base-promoted halogen transfer to develop methods for the direct functionalization of C-H bonds 
that decrease the time and cost of preparing compounds widely desired by industrial chemists. During her first year in the group, Olga 
led a research project to propose and test inexpensive, commercial halobenzenes as more economical and modular replacements for 
her lab’s previously used reagents, in addition to investigating the chemical properties that influence their effectiveness. As of Summer 
2026, she is preparing a first-author manuscript for publication in a peer-reviewed scientific journal. Her research will enable direct and 
scalable methods that improve access to halogen transfer chemistry for laboratories of any scale, regardless of their financial situations, 
advancing equity in the pharmaceutical sciences and improving the synthesis of desired chemicals. 

ASTRONAUT SCHOLAR
TECHNICAL CONFERENCE PRESENTERS
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Olga’s commitment to research excellence is further evidenced by her selection for the Summer Undergraduate Fellowship by the 
American Chemical Society Division of Organic Chemistry. With the support of this fellowship, she has begun her new project of 
optimizing heteroaryl C-H amination reactions and developing a practical method to directly access aryl amines without the need for 
metal catalysts or prefunctionalized starting materials.Furthermore, as aryl amines have profound value as intermediates or products 
within medicinal industries, she is directly connecting with industrial chemists to receive feedback regarding improving aspects of her 
reactions to better satisfy industry needs. 

Aside from establishing a rigorous academic foundation at CSU, Olga is also committed to giving back to the community and inspiring 
the future generations of scientists to keep the cycle of innovation and progress alive. For two years, she served as the Demo Specialist 
and Outreach Co-Coordinator of the Chemistry Club, an American Chemical Society (ACS) student chapter, and now serves as the 
President, leading the expansion of equitable access to science education and experience throughout CSU and the local community. 

From creating an array of new, widely available halogen transfer reagents to advocating for accessibility in science, all of these endeavors 
are preparing Olga to pursue a career as an innovative and influential scholar, while simultaneously making an immediate impact on the 
research and educational environment at CSU. She continuously strives to amplify the scope of her engagement with and contributions 
to the greater scientific community, empowering her position as a leader at the forefront of scientific progress.

____________________________________________________________________________________________________________________________ 

Cade Alaniz
Texas A&M University
The Paul Scherrer Institute

Evaluating Insertion-type Electrodes to Realize Rechargeable Fluoride-ion Cells
Li-ion batteries represent a fundamental pillar of modern energy storage systems due to the small ionic radius (0.60 Å) and unmatched 
energy densities (250 to 300 Wh/kg). Widespread use of these batteries has led to a high demand for Limetal in grid-scale systems, 
electric vehicles, and personal devices. In recent years, further implementation has been met with geopolitical barriers, labor concerns, 
and safety risks which have underscored the need for diverse energy storage systems to alleviate the strain on Li. Fluoride-ion (F-ion) 
batteries provide a promising alternative with high theoretical energy densities and global abundance well surpassing that of Li-ion 
systems. I aim to help flip the paradigm of energystorage by examining anionic charge carriers and developing F-ion batteries to diversify 
global battery technology. 

The first F-ion cells utilized conversion-type electrodes with a metal/metal-fluoride pair. Although these cells demonstrate high volumetric 
and gravimetric capacities, they possess an extremely limited lifetime (ca. 100 cycles) due to large volume changes within the electrode 
materials upon cycling. To further the case for F-ion batteries, insertion-type electrode materials capable of reversible ion insertion while 
mitigating significant structural changes must be utilized. 

Previous work within the Banerjee group has afforded a set of design principles for reversible, room-temperature F-ion insertion within 
FeSb2O4. Here, the stereochemically active 5s2 lone pairs from Sb give rise to one-dimensional tunnels capable of accommodating 
F-ions charge balanced by Fe redox. Through systematic structural characterization, we have expanded these design principles to 
include isostructural compounds, such as Sn2TiO4, alongside new crystal structures like Bi2PdO4 and PbTiO3.

Given the complex interplay of factors dominating anion migration, the next step must be to elucidate these dynamics through operando 
electrochemical testing. Understanding the unique phenomena surrounding these insertion-type electrodeswill help pave the way 
towards a more sustainable, energy-diverse future using anion storage systems. 

About Cade
Cade Alaniz is a rising senior at Texas A&M University pursuing a B.Sc. in Chemistry with minors in Materials Science and Mathematics. 
His research sits at the crossroads of solid-state chemistry, crystallography, andelectrochemistry, where he develops solid-state materials 
for next-generation energy storage. His current work focuses on the unique crystal chemistry and electrochemical performance of 
fluoride-ion electrodes and electrolytes to allow for reversible anion insertion. 

Motivated by the challenge of sustainable, large-scale energy storage, Cade has pursued diverse research experiences, beginning 
with the NSF-funded Research Experience for Undergraduates at the Colorado School of Mines. Here, he studied solid-state lithium-
ion electrolytes to improve ionic conductivity and synthetic ease of access where his contributions ultimately resulted in a manuscript 
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published in Advanced Functional Materials. Further work at the Air Force Research Laboratory on solid-state photonics and optical 
characterization reinforced his interest in using fundamental materials chemistry to address global challenges. He is now spending this 
summer working at the Paul Scherrer Institute in Switzerland to further develop and test new anion-based battery cells.

Beyond the laboratory, Cade has committed to foster scientific engagement and mentorship among his peers. He is currently serving 
as the President of SACNAS and Vice-President of the ACS student chapter at Texas A&M where he has helped organize professional 
development and outreach opportunities for the greater community. He continues to believe that science works best when it works for 
everyone—a philosophy that guideshis commitment to mentorship and the open exchange of ideas.

Following graduation, Cade intends to pursue doctoral study in materials science and solid-state chemistry where he aims to dive further 
into the structure-property relationships governing energy storage materials. Beyond this, he seeks to become a tenure-track faculty 
member to advance the fundamental understanding of solid-state materials and apply these findings to practical technologies for 
sustainable energy storage systems. 

____________________________________________________________________________________________________________________________ 

Vidhi Bakshi
The Ohio State University

Continually Adapt or Not (CAN): A Benchmark for Adaptive Machine Learning in Wildlife Monitoring
Machine learning is transforming biodiversity monitoring by enabling researchers to automatically identify wildlife species from 
millions of camera-trap images collected around the world. These automated systems have the potential to dramatically reduce the 
time required to analyze ecological data, allowing scientists to monitor biodiversity, track species populations, and better understand 
the effects of environmental change. However, most machine learning models are evaluated using static benchmark datasets, even 
though the ecosystems in which they are deployed are constantly evolving. Seasonal changes, species migration, shifts in vegetation, 
varying weather conditions, and differences in camera hardware all alter the data these models encounter over time. As a result, models 
trained on historical data often experience declining performance after deployment, limiting their usefulness for long-term ecological 
monitoring. Developing machine learning systems that remain reliable under these changing conditions is a fundamental challenge in 
artificial intelligence and is essential for building trustworthy scientific tools.

To address this challenge, we developed Continually Adapt or Not (CAN), a benchmark designed to evaluate how machine learning 
models adapt as new ecological data become available. CAN integrates imagery collected from 546 individual camera traps spanning 
17 globally distributed wildlife datasets, creating one of the first standardized benchmarks that evaluates machine learning under realistic 
temporal change. Rather than treating all images as a single static dataset, CAN organizes observations chronologically to simulate 
how data are collected in real-world deployments. This online evaluation framework allows researchers to study whether models should 
remain unchanged after deployment or continually adapt as environmental conditions evolve. To support reproducible research, we 
also developed a standardized preprocessing pipeline that harmonizes heterogeneous ecological datasets into a unified benchmark 
suitable for large-scale machine learning research.

Using CAN, we compared several approaches for adapting machine learning models over time, including models that receive no 
additional training, models trained with complete knowledge of future data, and models that continually learn from newly observed 
images. Our experiments demonstrate that continual adaptation generally improves long-term performance, while also revealing 
situations in which conventional fine-tuning methods can unintentionally reduce model robustness. We further identify adaptation 
strategies that improve performance in challenging long-tailed and data-limited settings, providing practical guidance for researchers 
deploying machine learning systems in dynamic environments.

Although CAN was developed for wildlife conservation, its broader contribution extends beyond ecology. Many scientific applications 
of machine learning, including environmental monitoring, medicine, robotics, and autonomous systems, must operate under changing 
real-world conditions where new data continually emerge. By providing a reproducible benchmark for studying adaptive machine 
learning under realistic temporal change, CAN enables researchers to develop more robust and reliable learning algorithms while 
fostering collaboration between the machine learning and ecological research communities. Ultimately, this work advances machine 
learning as a scientific tool capable of supporting long-term environmental stewardship and data-driven decision-making. 

About Vidhi
Vidhi Bakshi is a rising junior at The Ohio State University majoring in Computer Science and Engineering. Her research interests lie in 
machine learning, computer vision, and their applications to scientific discovery. She conducts research in Dr. Harry Chao’s Machine 
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Learning as a Basis Lab (MLB), where her recent work uses global wildlife camera-trap imagery to build a benchmark dataset that 
evaluates how machine learning models adapt to changing environments. 
 
Beyond her machine learning research, Vidhi contributes to the Battelle Center for Science, Engineering, and Public Policy. Her recent 
work includes developing an interactive dashboard that integrates education, workforce, and demographic data to help policymakers 
and institutional leaders strengthen Ohio’s STEM education pipeline. She also serves as Chief Technical Officer of Vocalize Interpreting, 
a nonprofit organization that improves healthcare access for patients with limited English proficiency by connecting free clinics with 
certified medical interpreters. 
 
Vidhi is passionate about expanding opportunities in STEM and serves as Vice President of The Ohio State University’s Association 
of Computing Machinery Women’s Chapter (ACM-W), where she leads initiatives that connect students with mentors, researchers, 
and industry professionals. She hopes to pursue a Ph.D. in Computer Science and advance machine learning research that creates 
meaningful scientific and societal impact. Outside of research, Vidhi enjoys singing a cappella, performing Kathak, and solving the New 
York Times Mini Crossword. 

____________________________________________________________________________________________________________________________ 

Paige Barta
United States Military Academy

Predicting Postural Stability States Using Wearable Sensors And Machine Learning: Applications For Athletic And 	
Military Environments
 
Introduction: Traumatic brain injury (TBI) is associated with impairments in postural control that can affect operational readiness, athletic 
performance, and injury recovery. Current objective assessments of balance commonly rely on laboratory-based force plates, limiting their 
practicality in military and athletic environments where rapid, field-deployable evaluation is needed. Wearable inertial measurement units 
(IMUs) provide a low-cost alternative capable of capturing movement characteristics associated with postural stability. While previous studies 
have demonstrated relationships between wearable sensor metrics and traditional balance measures, limited research has investigated 
whether wearable sensors can accurately classify postural stability states using machine learning. Therefore, the purpose of this study was 
to determine whether experimentally induced postural instability conditions designed to model TBI-relevant sensory impairment could be 
accurately classified using a minimal wearable sensor configuration. The long-term objective of this work is to support the development 
of a low-cost, field-deployable system capable of providing immediate feedback on postural stability in military and athletic environments, 
enabling more informed decisions regarding injury screening, activity removal, and return-to-duty or return-to-play status.
 
Methods: Thirty-nine healthy participants completed baseline stability and highly perturbed standing balance trials designed to manipulate 
visual, vestibular, somatosensory, and cognitive contributions to postural control. Five wearable IMUs were positioned on the sternum, neck, 
lower back, and bilateral shanks. Acceleration, estimated center of pressure (COP), and Euler angle data were collected and processed 
to derive biomechanical features including jerk, oscillation count, equilibrium score, sway range, sway velocity, excursion, and RMS sway. 
Machine learning classification was performed using K-nearest neighbors and Random Forest models. A leave-one-subject-out cross-
validation framework was applied to 34 participants for model development (x_train), while five additional participants were reserved for 
independent validation (x_validate). Sensor-reduction analyses systematically evaluated all combinations of one to five sensors, and 
accelerometer-only feature sets were compared with full IMU-derived feature sets.
 
Results & Discussion: The full five-IMU configuration achieved an x_train classification accuracy of 0.910 and an x_validate accuracy 
of 0.950. Reduced sensor configurations consistently matched or exceeded the performance of the full wearable system. The highest-
performing configuration consisted of three sensors located on the bilateral shanks and lower back, achieving x_train accuracies of 0.942 
using full IMU-derived metrics and 0.936 using accelerometer-only metrics while maintaining an x_validate accuracy of 0.950. Further 
reduction to a two-sensor configuration consisting of the left shank and lower back produced only minor decreases in performance. 
Accelerometer-only feature sets slightly improved classification accuracy compared with full IMU-derived feature sets, suggesting that 
orientation-based measurements were not required to distinguish between the postural stability conditions evaluated in this study. These 
findings indicate that classification performance depended more strongly on selective sensor placement and feature selection than on 
maximizing the number of sensors or variables included in the model. 
 
Significance: This work demonstrates the feasibility of classifying postural stability states using a small number of inexpensive wearable 
accelerometers combined with machine learning. The ability to maintain high classification accuracy with as few as two strategically placed 
sensors supports the development of low-cost, field-deployable systems capable of assessing balance impairments outside traditional 
laboratory environments. Such systems may ultimately assist military and athletic personnel in rapid screening, activity-removal decisions, 
and future assessment of TBI-related postural instability.



15 ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

About Paige
Cadet Paige Barta is a Mechanical Engineering major with minors in Bioengineering and Latin American Regional Studies at the United 
States Military Academy at West Point. Originally from Corte Madera, California, she combines a passion for engineering and service 
with a drive to develop technologies that enhance human performance, advance healthcare, and improve quality of life. 

Barta conducts biomechanics research focused on the use of wearable inertial measurement units and machine learning to classify 
postural stability. Through her research at West Point, she leverages inertial measurement units, signal fusion, and statistical analysis 
to develop portable, objective technologies that improve the detection of traumatic brain injuries in military and athletic populations. 
In a separate collaboration with researchers at the United States Naval Academy and the University of Texas at El Paso, she applied 
machine learning and wearable sensor data analysis to advance methods for assessing gait and mobility in individuals with transfemoral 
prostheses, supporting efforts to improve prosthetic design. Collectively, her work explores how wearable sensor technologies and 
machine learning can transform the assessment of human performance, injury, and rehabilitation. 

At West Point, she serves as Captain of the Army Alpine Ski Team and has held multiple leadership positions in the Corps of Cadets. 
She is a member of the Tau Beta Pi Engineering Honor Society, Phi Sigma Iota Foreign Language Honor Society, and Phi Kappa Phi 
Honor Society. 

Following graduation, Barta will serve as an officer in the United States Army and plans to pursue advanced degrees in Biomedical 
Engineering. Through research and innovation, she is committed to developing practical, accessible technologies that improve human 
performance, healthcare, and quality of life across military and civilian populations. 

____________________________________________________________________________________________________________________________ 

Aletta Bartok
University of Minnesota

Modeling Graphite Saturation and Atmospheric Evolution in Soot-Rich Exoplanets

As the most numerous known exoplanets, super-Earths and sub-Neptunes represent a critical component in planetary geochemistry. 
These planets, between 1 and 14 Earth masses, include many that form outside of the soot-line, where carbon is a condensed solid. 
As such, some of these planets may be highly enriched in carbon compared to the rocky planets of our solar system, acquiring up 
to 40 wt.% carbonaceous matter. These soot-rich planets have already been observed by the JWST, making them critical targets, 
especially for understanding haze formation and habitability. A crucial step in understanding such planets is to evaluate their structure 
and atmospheric composition as they accrete. This depends heavily on their fractions of rock, soot, and water, as well as the mass of the 
planets and their temperature structure. A critical consideration missing from previous models is graphite, as a likely major reservoir of 
carbon in the interior of such planets.  

 We use a zero-dimensional Python model, optimized for batch processing via the Minnesota Supercomputing Institute (MSI), to examine 
the effects of increased soot and graphite on the composition of protoplanets. By modifying the existing thermodynamic framework for 
planetary differentiation set forth by Young et al. 2023, we incorporate graphite into the melt-phase equilibrium and introduce a new 
reaction. In this reaction, graphite reacts with oxygen gas, producing carbon dioxide gas. 

 As a primary consequence of this chemical shift, the inclusion of a graphite-rich melt allows hydrogen gas to dominate the atmosphere 
while suppressing methane. This mechanism drives the saturation of graphite in the silicate phase, stabilizing the composition and 
evolution of the protoplanet alongside increased soot concentrations. The silicate, atmosphere, and metal phases also experience 
significant alteration, a transformation that allows a hydrogen-rich bulk envelope to exist atop a silicate mantle and a geochemically 
protected core. As a necessary foundation for modeling carbon-rich environments, this work offers a new lens for evaluating the 
geochemistry of exoplanets and local icy moons. The data applies directly to new observations in our galaxy, serving to better clarify 
the behavior of protoplanets of varying size and to compare theoretical frameworks to JWST observations. Future efforts will process 
our predicted atmosphere and compare results to transmission spectra by JWST, building off of Bergin et al. 2023, to cement our 
understanding of planetary formation.  

About Aletta
Aletta Bartok is a rising senior and Honors student at the University of Minnesota pursuing dual degrees in Chemistry and Earth Sciences 
alongside a minor in Management of Technology. Driven by a lifelong passion for space exploration, she has built a diverse foundation 
spanning planetary science, geochemistry, and materials engineering. Beginning her freshman year, Aletta has conducted computational 
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research with Professor Marc Hirschmann in the field of exoplanet geochemistry. Using the resources of the Minnesota Supercomputing 
Institute, she developed a zero-dimensional planetary model to evaluate the evolution of super-Earths and sub-Neptunes. Her work 
investigates the region near the soot-line, where carbon exists as a condensed solid, and incorporates graphite saturation into a melt-
phase equilibrium model. Key findings indicate that by introducing graphite, these planets shift towards hydrogen-rich atmospheres 
while suppressing methane, stabilizing the protoplanet’s evolution. Aletta has presented these findings at multiple research symposia 
and is currently preparing a publication detailing these findings.  
 
Beyond geochemistry, Aletta applies her interdisciplinary background to diverse leadership positions that have refined her ability to 
manage complex technical projects. As a member of the University of Minnesota’s Rocket Team, she has developed trajectory simulations 
and parachute dynamics models and holds a Level 1 High Power Rocketry certification. Her project management experience extends 
to the NASA L’SPACE Mission Concept Academy, where she served as the Deputy Project Manager of Resources, leading a team to 
design the budget, schedule, and Preliminary Design Review (PDR) for a NASA Discovery-Class mission concept. This summer, she 
is working as a Failure Analysis Engineering Intern within the Product Improvement Lab at RTX Collins Aerospace, using advanced 
instrumentation to evaluate and improve aerospace systems. She previously gained commercial engineering experience as a Sales 
Engineering Intern at Fluence Corporation. Aletta also serves as the President of the UMN Geological Society, managing finances and 
events, and competes nationally with the UMN Club Tennis Team.  
 
After completing her undergraduate degree, Aletta aims to leverage her diverse technical expertise to pursue a Ph.D. in Materials 
Science and Engineering, focusing her research on advanced structural materials such as metals, alloys, and composites, for aerospace 
applications. Ultimately, she aspires to transition into the commercial aerospace sector to spearhead research and development 
initiatives, combining cross-disciplinary engineering with strategic project management to advance next-generation technologies. 

____________________________________________________________________________________________________________________________ 

Charles Behrman
Purdue University

Improving Efficiency and Physical Accuracy in Particle-in-Cell Simulations for Plasma Systems

Particle-in-cell (PIC) simulations are a foundational tool for modeling plasma behavior, enabling first-principles tracking of charged 
particle dynamics under self-consistent electromagnetic fields. These methods are widely used in applications ranging from 
microelectronic device reliability to magnetically confined fusion. However, PIC simulations are fundamentally constrained by 
computational cost, particularly the memory requirements associated with resolving large particle populations needed to accurately 
represent velocity distributions and collective effects.

To address these limitations, I contributed to the development of a GPU-accelerated PIC framework at Los Alamos National 
Laboratory designed to improve computational efficiency without sacrificing physical fidelity. This work focused on the implementation 
of superparticle methods, in which computational particles represent ensembles of physical particles while preserving key statistical 
properties of the system. To minimize redundancy in phase space, clustering techniques were applied to group particles with similar 
spatial and velocity characteristics, effectively reducing the number of particles required for accurate representation. These methods 
were integrated with efficient numerical approaches for field solutions, enabling scalable simulation performance on GPU architectures. 
The result is a significant reduction in memory usage and computational overhead, allowing for larger and more physically realistic 
simulations of plasma systems. 

Complementing this computational work, my research at Purdue University applies PIC simulations to investigate gas breakdown 
phenomena in microscale gaps. In these regimes, classical descriptions such as Paschen’s law fail due to the increasing importance of 
field emission, surface effects, and non-equilibrium dynamics. My work involves modifying existing PIC codes to incorporate improved 
emission models, including physics-based representations of electron emission under high electric fields. By analyzing discrepancies 
between theoretical predictions and simulation results, I aim to better capture the transition between field-driven and collision-dominated 
breakdown regimes. This work contributes to resolving inconsistencies observed in microscale experiments and improves the predictive 
capability of simulation tools in extreme environments. 

Together, these efforts reflect a broader research objective: developing computational frameworks that balance efficiency and physical 
accuracy for predictive modeling of plasma systems across scales. By combining advances in numerical methods, high-performance 
computing, and detailed physical modeling, this work enables more reliable simulations of complex plasma behavior. These 



17 ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

improvements are critical for the design of next-generation technologies, including scalable fusion energy devices that I hope to work on, 
where both computational tractability and physical fidelity are essential.

About Charles
Charles Behrman is an undergraduate student in nuclear engineering at Purdue University, where he is pursuing a Bachelor 
of Science with Honors and a minor in Spanish. His academic interests lie at the intersection of plasma physics, computational 
modeling, and fusion energy, with a particular focus on investigating plasma behavior at material boundaries, including instabilities 
and plasma–wall interactions. 

He has gained experience in computational physics and high-performance computing through research and internships, working 
with simulation-based approaches to understand systems in extreme environments. His work broadly centers on improving both the 
efficiency and accuracy of numerical models used in plasma and fusion applications. 

Beyond his technical work, Charles serves as Vice President of the American Nuclear Society student chapter at Purdue and is an 
ambassador for the School of Nuclear Engineering, supporting outreach and engagement within the field. 

He is a recipient of the Barry Goldwater Scholarship and the Astronaut Scholarship. Following graduation, Charles plans to pursue 
graduate studies in plasma physics and fusion engineering, with the goal of contributing to the development of scalable, sustainable 
fusion energy machines. 

____________________________________________________________________________________________________________________________ 

Arthur Benson
University of Kansas

Interfacial Behavior of Polysulfide-Encapsulating Electrolytes in Lithium–Sulfur Batteries
Lithium–sulfur (Li–S) batteries are a promising candidate for electrochemical energy storage due to their high energy density and 
low material cost. Their high theoretical capacity arises from the electrochemical conversion of sulfur to lithium sulfide via soluble 
polysulfide (PS) intermediates. However, PSs can migrate to the lithium anode and undergo parasitic reactions, leading to rapid battery 
degradation. The standard electrolyte used for Li–S batteries consists of 1.0 M lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) in a 
mixture of equal parts 1,3-dioxolane (DOL) and 1,2-dimethoxyethane (DME). Several electrolyte additives—diisopropyl ether (DIPE), 
diisopropyl sulfide (DIPS), 1,1,2,2-tetrafluoroethyl-2,2,3,3-tetrafluoropropyl ether (TTE), and hexamethyl ether (HME)—have been 
shown to mitigate parasitic reactions at the lithium anode by encapsulating PSs in anti-reductive solvation shells. While studies have 
provided insight into bulk electrolyte behavior, the molecular organization near electrode surfaces, where critical oxidation–reduction 
reactions occur, remains poorly understood. 

In this work, we use molecular dynamics (MD) simulations to investigate the interfacial behavior of DIPE, DIPS, TTE, and HME under 
conditions consistent with experimental studies. Graphenenanosheets are used to represent electrode surfaces, and fixed charges are 
applied to simulate a range of voltages. The MD simulations reveal that the PS-encapsulating electrolyte additives significantly reshape 
the interfacial structure of Li–S batteries by redistributing solvent molecules (DOL and DME) and ions (Li and TFSI) near the electrode 
surfaces, possibly altering the formation and composition of the solid electrolyte interphases. These findings provide molecular-level 
insights into how electrolyte formulation and voltage affect interfacial structure, thereby facilitating the rational design of longer-lasting 
Li–S batteries. 

About Arthur
Arthur Benson is an incoming senior at the University of Kansas (KU). He is majoring in chemical engineering with a concentration in 
data science and a minor in music. Following graduation, he plans to pursue a doctorate in chemical engineering focused on hybrid 
energy storage systems. 
 
Arthur began his research with a project on refrigerant flammability testing under the supervision of KU faculty member Mark Shiflett. He 
was then selected for a National Science Foundation Research Experience for Undergraduates at the University of California, Irvine, 
where he investigated an induction-heated process for sustainable hydrogen production under the guidance of Dr. Erdem Sasmaz. 
Since then, he has conducted research under the mentorship of KU faculty member Yiling Nan, focusing on two areas of molecular 
modeling: the interfacial behavior of electrolyte additives in lithium–sulfur batteries and the interactions between lignin and ions for 
advanced material applications. 
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Arthur’s research has been featured in two peer-reviewed publications, and he has presented at both regional and national American 
Institute of Chemical Engineers (AIChE) student conferences. He is now preparing a first-author manuscript for publication and plans 
to present his results at the upcoming AIChE Annual Meeting. Arthur has received several academic awards, including designation as 
a 2026 Barry Goldwater Scholar and the Outstanding Junior in Chemical Engineering. At KU, he is the treasurer of the AIChE Student 
Chapter, a student liaison for the Department of Chemical and Petroleum Engineering, and a member of the Madison and Lila Self 
Engineering Leadership Fellows Program. 

____________________________________________________________________________________________________________________________ 

Marlena Berger
University of Rochester
Technical University of Clausthal

Development of a Laser Doppler Velocity Sensor for High-Precision Airborne Gravimetry
In the field of geophysics, gravimetry is used to detect underground mineral deposits by observing minute changes in Earth’s gravitational 
field. Gravimeters can be placed on aircraft to rapidly collect data across large geographic regions. While providing faster results, airborne 
gravimetry introduces several new complicating factors, including the inertial acceleration of the plane, which can impact the gravimetry 
measurements on board. Of the three axes of motion, the plane’s vertical acceleration has the largest impact on airborne gravimetric 
measurements but is the most difficult to continuously measure during flight. Since the changes in the airplane’s inertial acceleration can 
be several orders of magnitude larger than the changes in Earth’s gravitational field, measuring and removing the airplane’s acceleration 
is necessary to uncover the true behavior of Earth’s gravitational field. 

The AeroQGrav project is a collaboration between ten German institutions to develop an airborne quantum gravimeter with resolution 
below 1 um/s2 for a spatial resolution of approximately 0.3-0.5 km. Our team developed a laser Doppler vibrometer (LDV) to capture 
vertical velocity measurements during flight. The velocity can be differentiated to determine acceleration, which can then be removed 
from the gravimetric data. Laser Doppler vibrometers measure small frequency changes in a beam of light due to the Doppler effect as 
the light hits a surface either moving towards or away from it. By recombining this beam with another beam at the original frequency, a 
beat is created at the frequency difference. The frequency difference is converted into a velocity, and the changes in velocity provide 
insight into the airplane’s acceleration as it flies. 

Since the measurement beam will travel from the airplane to the ground and then back, the signal coming back into the system will be 
weak. To maximize the return strength, the spot of light hitting the ground must be as small as possible. We used Zemax, an optical 
design software, to model the shape of the Gaussian laser beam as it travels through the system to the ground. By adjusting the number 
of lenses in the system as well as their positions and focal lengths, the size of the beam at the ground could be changed. In this design, 
there were two competing factors: the size and divergence of the beam, which inherently have an inverse relationship. The smaller the 
beam waist, the larger the divergence angle. Since aircraft naturally have some variation in their height as they fly, we could not focus 
solely on minimizing the beam waist at the nominal airplane height and instead had to consider the beam waist over a range of heights. 

We successfully modeled the beam through the entire optical system. The model was adjusted to find a reasonable balance between 
beam size and divergence. In the future, testing will be necessary to better understand the impacts from other in-flight factors on the 
system, such as air turbulence.
 
About Marlena
Marlena Berger is a rising senior at the University of Rochester majoring in optical engineering with a minor in mechanical engineering. 
Having loved math since an early age, she explored several engineering courses before settling on optical engineering for the way it used 
math to explain the world and finally answer the question of why the sky is blue. 

Her research experience began in her sophomore year at the Laboratory for Laser Energetics, which is a government-funded facility 
affiliated with the University of Rochester. In the Pulsed Laser Effects group, Marlena studies laser-material interactions under varying 
conditions. The following summer, she expanded her optical engineering skills by conducting research in Clausthal, Germany through 
the DAAD-RISE program. Her work at TU Clausthal’s Institute for Electrical Information Technology was part of the AeroQGrav project, 
a collaboration across ten German institutes to build a high-precision airborne gravimeter.  

Most recently, Marlena worked as an intern at ASML, the global leader in photolithography machines. In her role as a First Line Support 
Production Engineer, she worked directly with technicians to troubleshoot and improve the process of building the machines that power 
the ever-growing semiconductor industry. 
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Outside of the classroom, Marlena is an active mentor to younger students, working as a peer tutor, teaching assistant and workshop 
leader. She also enjoys dancing with the school’s Irish dance team and teaching dance lessons at her home studio, as well as captaining 
the school’s club ultimate Frisbee team. After graduation, Marlena hopes to spend more time abroad conducting optics research before 
pursuing a PhD and a career in academia to continue her passion for education. 

____________________________________________________________________________________________________________________________ 

Madelyn Sloan Berry
Mississippi State University

Development of a Low-Cost Multispectral Sensing Payload for the Detection of Environmental Hazards
The early detection of environmental hazards such as wildfires, harmful algal blooms, and hazardous gas emissions is essential to 
protecting life, infrastructure, and delicate ecosystems. Existing remote sensing systems of these hazards are effective but are often 
based on large, expensive sensors deployed on high-altitude or geosynchronous platforms, limiting spatial resolution, user control, and 
deployment flexibility. These constraints are particularly problematic for early-stage detection and reduce the accessibility of this vital 
technology for the public.   

Each environmental hazard has unique characteristic spectral signatures in the visible and very near infrared ranges of electromagnetic 
radiation. Burning vegetation generally displays an emission spike near 770 nm from hot potassium within the plants. This spike is absent 
from most other burning materials such as plastics and natural gas. Harmful algal blooms have reflectance signatures in the visible 
range similar to plants, but they generally do not display the “red edge” rapid increase in reflectance as the wavelength increases past 
700 nm. Potentially hazardous gas emissions, such as methane (CH4), hydrogen (H2), or carbon monoxide (CO), produce detectable 
differences in the range of 1,000 nm to 2,000 nm due to the absorption of electromagnetic radiation in the presence of the gas.  

Based on these detectable electromagnetic signatures, this research explores the use of a low-cost multispectral camera system, 
containing commercial silicon-based camera sensors, to be implemented in drones, small satellites, and other vehicles. Prototype 
payload systems containing Raspberry Pi computers, modified Raspberry Pi cameras, and filters for the wavelength ranges of the 
spectral signatures have successfully been created and tested. Hazard detection has been successfully observed in almost all 
examples of burning vegetation and algae and very few cases of false positives have occurred. The fire detection payload has also been 
successfully implemented into a 1U CubeSat form factor which is being utilized in drone test flights.  
 
About Sloan
Madelyn Sloan Berry is a rising senior at Mississippi State University pursuing an Aerospace Engineering degree with minors in 
Mathematics and Global Engineering Leadership. She has participated in multiple research projects and extracurriculars throughout 
her college career.  

As a part of the MSU Aerostructures for Hypersonic Flight Research Laboratory, Sloan investigated and characterized mode-II interlaminar 
fatigue damage in stitched carbon fiber composites. This work included manufacturing specimens at the Advanced Composite Institute, 
utilizing digital image correlation techniques, and publishing an undergraduate thesis through the Shackouls Honors College. Sloan has 
also worked to develop a multispectral low-cost camera payload system to detect wildfires and other environmental hazards through 
wavelength spikes emitted in near infrared light for use in small satellites, drones, and other vehicles. This research is in support of 
CubeSat at MSU, a student research design team working to launch Mississippi’s first ever satellite which Sloan has served as secretary, 
vice president, and president of the team. Additionally, Sloan completed an internship as an engineering analyst for the United States 
Department of Defense.   

At Mississippi State, Sloan is also a member of the Famous Maroon Band (where she has served as a piccolo section leader), the 
MSU Flute Choir, and MSU Wind Ensemble. She also serves as the chapter treasurer of the Society for the Advancement of Material 
and Process Engineering (SAMPE), is a Bagley College of Engineering Study Abroad Ambassador, and a member of the Tau Beta Pi 
Engineering Honor Society and American Institute of Aeronautics and Astronautics. Sloan is a MSU Presidential Scholar, has been 
awarded the Warsi Excellence Aerospace Endowed Scholarship and Bagley College of Engineering Cross Disciplinary Research 
Award, and is also a licensed Ham Radio operator.  

In her free time, Sloan loves to play tennis, crochet, practice her flute, and water ski. Sloan was born and raised in central Mississippi by 
her incredible parents, Chris and Jennifer Berry, alongside her older brother Carter Berry. She cannot express enough how grateful she is 
for her family, friends, and mentors who have always been supportive and always open to making memories.   
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____________________________________________________________________________________________________________________________ 

Marissa Boucher
University of Chicago
Kavli Institute for Cosmological Physics

Efficient Calculation of Signal Propagation Times for Radio-Based Neutrino Detection
The Askaryan effect in dense dielectric media is the leading method for detecting ultrahigh energy (>10 PeV) neutrinos via their radio 
emissions. Neutrinos are nearly massless fundamental particles which do not interact via the strong or electromagnetic forces, making 
them ideal candidates for multimessenger astronomy since they point almost directly back to their sources. Their low flux at ultrahigh 
energies means detection via radio requires large dielectric volumes such as polar ice sheets. In-ice detectors reconstruct signal arrival 
direction by searching pre-calculated propagation times from possible interaction locations. Solving for these “travel-times” through 
glacial ice means simulating electromagnetic wave propagation through a smoothly monotone, depth-dependent index of refraction. 
Current methods treat signal propagation as an initial value problem, solving the first-order ray equations along a given trajectory to find 
paths between n pairs of points with complexity O(n^2). Often, however, travel-times are desired for a set of boundary conditions rather 
than initial values, and applying initial value solvers requires numerical minimization which must be repeated globally for each set of 
conditions. The Fast Marching Method is a boundary value solver which reduces complexity to O(n log n), thereby enabling efficient 
calculation of travel-times over large volumes. However, the FMM only returns earliest travel-time solutions, resulting in information 
loss: in heterogeneous media, waves change their propagation direction due to reflection and refraction, leading to multiple travel-time 
solutions at each point. In this talk, we introduce the “big-ray” method for extending the FMM to multi-valued travel-times and discuss first 
applications of these methods to data from Summit Station, Greenland.  

About Marissa
Marissa Boucher is a rising third-year student studying Physics (B.S.) and Applied Mathematics (B.S.) at the University of Chicago. Her 
research lies at the intersection of particle physics, astrophysics, and cosmology. 

Marissa has been a research assistant at the Kavli Institute for Cosmological Physics (KICP) since January 2025. During her time at 
KICP, she has contributed to multiple international collaborations for the detection of neutrinos via their radio emissions, including the 
Radio Neutrino Observatory in Greenland (RNO-G) and the Payload for Ultrahigh Energy Observations (PUEO), the latter of which 
was successfully launched in December 2025. For RNO-G, Marissa developed methods for calculating radio signal propagation 
quantities, which are required for detector calibration and event reconstruction, using geometrical optics. In July 2025, she supported 
the mechanical integration of PUEO at the Columbia Scientific Balloon Facility in preparation for its pre-launch “hang test.” 

This summer, Marissa has continued her research in radio-based neutrino detection and is preparing to publish results in this field. In 
addition, she has begun research in theoretical cosmology, where she simulates cosmological gravitational particle production — the 
mechanism by which particles can be “pulled” from the vacuum of the expanding universe. Marissa also serves as the teaching assistant 
for the University of Chicago’s Polk Brothers Program, which offers calculus and geometry courses to Chicago Public Schools teachers, 
and through which she has supported over one hundred K-12 teachers in their continued education.  

After graduating in the spring of 2028, Marissa plans to pursue a doctoral degree in Physics, with a focus on high-energy physics. She is 
honored to be recognized as an Astronaut Scholar and to join this wonderful community of talented researchers. 

____________________________________________________________________________________________________________________________ 

Keanu Brayman
University of Central Florida
NASA Marshall Space Flight Center

Laser Beam Welding Advancements for In-Space Servicing, Assembly, and Manufacturing 
NASA is currently working to develop in-space servicing, assembly, and manufacturing (ISAM) capabilities for low Earth orbit and the 
lunar surface. One crucial technology for this effort is laser beam welding. Laser systems can perform joining, cleaning, cutting, and 
repair activities, which will enable the construction of large in-space structures that could not fit on a single launch vehicle, such as 
trusses for solar panels, radiators, or communications infrastructure. Multiple projects studying laser welding for space applications are 
currently underway at NASA Marshall Space Flight Center. One of these, the DIsk-Shaped Configurable and Modular vAcuum uNit 
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(DISCMAN), is a compact vacuum chamber designed to support parameter development for laser welding in microgravity. It contains a 
rotating platen with weld samples made from aluminum, steel, and titanium, a high-power infrared laser, and integrated pumps for pulling 
vacuum inside the sample cartridge. The DISCMAN payload is planned to launch to the International Space Station, where welds will 
be performed under sustained microgravity inside the Bishop Airlock. Another effort underway at Marshall is the Lunar Assembly and 
Servicing by Autonomous Robotics (LASAR) initiative. This project uses a space-rated robotic arm equipped with a laser weld head, 
wire feeder, and multiple cameras to perform welds in a thermal vacuum chamber simulating the lunar surface environment. Some of 
these welds are done on snowflake joints, which are specially designed to slot together to join segments of truss structures, allowing for 
the construction of tall surface infrastructure. DISCMAN, LASAR, and other projects are being carried out to advance the technological 
maturity of in-space laser beam welding, collect data to inform computational models, and learn reliable processes for creating weld 
joints in space. This work supports NASA’s greater goals to expand humanity’s presence in low Earth orbit, establish a permanent moon 
base, and eventually send crewed missions to Mars and beyond. 

About Keanu
Keanu Brayman is a senior at the University of Central Florida studying mechanical engineering. His research is focused on robotics and 
guidance, navigation, and control, with an emphasis on planetary surface and in-space applications. At his university, Keanu works as 
an undergraduate researcher in the Astrodynamics, Space and Robotics Laboratory. Currently, he is an intern at NASA Marshall Space 
Flight Center, where he has worked on trajectory optimization for the Human Landing System, additive manufacturing technology for 
lunar in-situ resource utilization, and robotic in-space laser welding. Keanu’s earliest engineering experience was in high school, when 
he spent four years on a FIRST Robotics Competition team. In college, he has been a part of multiple student clubs, participating in 
rocketry competitions such as the NASA Student Launch Challenge. He also co-founded the Society of Innovation and Neurodiversity 
in Engineering at UCF. In his free time, Keanu enjoys reading, hiking, reading, and building Legos. Keanu is driven by intense curiosity 
and a constant desire to learn. His fascination with space exploration and spaceflight technology motivates him to seek ever greater 
challenges, with the goal of one day sending humans to Mars and searching for signs of life beyond our planet. 

____________________________________________________________________________________________________________________________ 

Jack Carson
Massachusetts Institute of Technology

Mechanistically Grounded Virtual Metabolism Under Genetic Perturbation
Prior computational methods can optimize or estimate metabolic states, but none furnish a trained, perturbation-conditioned generator 
of condition-specific genome-scale metabolic state distributions from exact genetic perturbations. We report MetaFlow, a flow-matching 
model that closes this gap. The key enabling component is NAJA, an accelerated sampler for conditioned genome-scale metabolic 
models that achieves 1.9×–130× speedup over CPU baselines by amortizing global polytope rounding and applying cheap per-
condition barrier-Hessian corrections. Using NAJA, we generated Flux-1, an Escherichia coli atlas of 8,030 gene-knockout conditions 
under standard media. MetaFlow is trained on Flux-1 to map exact gene–protein–reaction knockout states to flux dis-tributions; on 796 
held-out unseen-condition perturbations it achieves common space R2 = 0.3449 and condition Spearman correlation 0.9375, while its 
learned condition repre-sentation aligns with flux epistasis at ρ = 0.584 versus 0.163 for raw knockout geometry. Together, these results 
demonstrate that perturbation-conditioned virtual metabolism is trainable: METAFLOW generates mechanistically grounded metabolic 
state distributions from exact genetic perturbations at atlas scale.

About Jack
Jack Carson is a sophomore at MIT majoring in EECS. His work in the Barzilay lab at MIT’s CS & AI Laboratory (CSAIL) includes 
developing a multiomics model for personalized therapeutic target identification. His publications on deep learning include a 
sole-author ICML paper applying statistical physics to language model behavior. A U.S. Presidential Scholar and Cherokee 
Nation member, Mr. Carson is the founder of Code.Tulsa, atech summer program for Indigenous high schoolers. Also a musician, 
motorcycle racer, and philosopher, he has performed in Carnegie Hall and with the National Opera, and won this year’s Elie Wiesel 
Prize in Ethics Essay Contest. 
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Zachary Cooper
University of California, Berkeley
Arc Institute

Substrate-Linked Continuous Evolution of Bridge Recombinases in Human Cells
The transition of programmable bridge recombinases into mammalian cells is heavily bottlenecked by host mismatch, as variants 
discovered or optimized in bacterial systems routinely suffer from compromised efficiency due to differences in chromatin context, 
protein folding, and post-translational modifications. To systematically overcome these limitations and maximize recombination kinetics 
for advanced human therapeutics, we present a virus-free, entirely mammalian cell-based directed evolution campaign that physically 
couples library variants to their target genetic substrates. We utilize site-saturated mutagenesis to construct comprehensive bridge 
recombinase libraries exploring all possible amino acid combinations, yielding a complex library of $>100,000$ variants. These variants 
are delivered into human reporter cells using a highly efficient, single-copy genomic integration landing pad system, which enforces strict 
single-variant expression per cell and prevents transient crosstalk.

Upon expression, active bridge recombinase variants orchestrate recombination at their physically coupled genomic target site, 
triggering a specific molecular change that alters the length of the surrounding DNA sequence. Active variants are then selectively 
captured and isolated from extracted genomic DNA simply by identifying these shifted PCR template sizes, completely bypassing the 
need for complex cell sorting or viral packaging. This streamlined workflow compresses an entire selection cycle into just 2 to 3 days. By 
evolving dense site-saturated libraries directly against the backdrop of the human cellular environment rather than an artificial bacterial 
host, this approach bypasses traditional translational bottlenecks to generate highly potent, mammalian-optimized bridge recombinase 
orthologs capable of precise, large-scale gene integration for therapeutic outcomes.

About Zachary
Zachary Cooper is an undergraduate student at the University of California, Berkeley, pursuing dual degrees in Molecular and Cell 
Biology and Business Administration through the Robinson Life Science, Business, andEntrepreneurship program. Zachary’s interests 
lie in the intersection of next-generation programmable genomic engineering tools and advanced oncolytic virotherapy. His professional 
ambition is centered on translating foundational laboratory discoveries into clinical assets and on driving venture creation as a future 
founder-scientist.

Zachary’s dedication to oncology research is deeply personal, inspired by his mother’s breast cancer diagnosis. This profound motivation 
led him to join the laboratory of Dr. David Schaffer at UC Berkeley, where, as a Paul Westberg Endowed Scholar, he focuses on 
developing novel therapeutics for solid tumors. In the Schaffer Lab, Zachary’s core research involves building non-destructive CRISPR-
based platforms to reversibly tune viral gene expression, establishing tools that map viral gene functions to enhance the therapeutic 
potency of viral vectors. Additionally, he has contributed to projects focused on the development of adeno-associated viral vectors with 
enhanced glial cell tropism.

Through this work, Zachary developed a deep passion for the underlying genomic engineering tools themselves, which seamlessly 
bridged his interests toward programmable, large scale genome editing. This fascinationled him to the laboratory of Dr. Patrick Hsu 
at the Arc Institute. Supported as a UC Berkeley College of Letters and Science Summer Undergraduate Research Fellow, a William 
& Marissa Rastetter Endowed Scholar, and an Arc Institute Undergraduate Research Fellow, his work in the Hsu Lab focuses on next-
generation genome insertion systems. Specifically, he is engineering and evolving bridge recombinases, programmable, single-protein 
systems capable of inserting, excising, or inverting massive DNA sequences without DNA cleavage, and screening bridge recombinase 
orthologs to identify natural variants with superior target specificity. 

Beyond his laboratory research, Zachary is a dedicated leader and mentor within the UC Berkeley community. He is the founder and 
director of several impactful campus initiatives, including the Biotech Scholars Programand the Haas Mentorship Program. Driven 
by a passion for lowering barriers to entry in academia and industry, he also founded and teaches the undergraduate DeCal course 
Intro to Biotech and Research Recruiting (UGBA 198), which provides comprehensive career guidance and interview preparation 
for peers navigating competitive scientific pathways. Ultimately, Zachary is driven by a lifelong mission to materially impact global 
human healththrough curative therapeutics while actively lifting up and mentoring the next generation of pioneers in oncology and 
genomic engineering. 
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Kenna Cummings
Syracuse University

Relating Greenland’s Geothermal Structure to Ice Sheet Stability Using Ambient Seismic Noise
The Greenland Ice Sheet is losing mass at an accelerating rate due to the warming climate contributing to global sea-level rise. However, 
conditions at the base of the ice sheet and how they contribute to ice sheet dynamics are poorly known. My research uses seismic data 
to investigate the geothermal gradient below Greenland and understand how heightened geothermal temperatures impact the structure 
and stability of the Greenland Ice Sheet. Due to its remote nature and low seismic data coverage, much of the seismic character of 
Greenland remains in question. Few usable earthquakes have been measured in the area, so I instead use seismic ambient noise 
caused by the constant crashing of ocean waves. Until recently, ambient noise has been dismissed as a nuisance and filtered out when 
studying earthquakes, but ambient noise in fact contains useful information about waves that travel through shallow layers of the Earth.

I process this data in Python and MATLAB using 1) Rayleigh wave cross-correlation and 2) horizontal to vertical spectral ratio (HVSR) 
techniques. These techniques allow me to combine datasets of 1) the geothermal heat signature, which was left behind when Greenland 
passed over the Iceland hotspot 50-80 million years ago and 2) the shallow geologic structure of the ice sheet and subsurface below, 
including layers of ice, meltwater, sediment, and rock. Combining this data allows me to track over time the glacial structure atop areas 
of heightened geothermal temperatures.

My research has so far produced preliminary phase velocity maps illustrating slower velocities associated with heightened geothermal 
temperatures. These inferred temperature anomalies correlate with proposed tracks of the Iceland hot spot. I have also processed mean 
HVSR curves that demonstrate local amplification of seismic waves, appearing as spectral peaks. These peaks occur at layer contacts, 
such as those between the ice and meltwater, sediment, or bedrock layers, thus opening up opportunities to create cross-sectional 
models at each station. The locations of the layer contacts can be compared between different on-ice stations and over time to constrain 
changes in overall ice sheet thickness and structure.

Geothermal heat flux to the ice sheet’s base determines whether the ice sheet is frozen to the underlying bedrock or whether liquid water 
is present to lubricate the bed and increase ice sliding speeds. Base melting trends in areas of heightened geothermal temperatures 
are often left out of models predicting ice sheet behavior, with most focusing exclusively on surface melt due to changes in climate. 
Understanding the role played by geothermal heat in the melting and movement of glaciers will help predict the fate of the Greenland Ice 
Sheet. Additionally, the implementation of ambient seismic noise techniques creates opportunities for researchers to address questions 
about hard-to-reach geologic units, such as in Antarctica.

About Kenna
Kenna Cummings is an undergraduate geology major who has a serious passion for geothermal energy. An innovator at heart, she 
has conducted research projects approaching natural geothermal systems from every angleto eventually determine how best to scale 
geothermal energy across a multitude of geologic settings. 

She credits her time studying abroad in Iceland for igniting her passion for innovative geothermal energy solutions. Through the 
GREEN Program, she attended lectures, visited Hellisheiði Geothermal Power Plant, and completed a group presentation on potential 
applications for ground source heating and cooling from abandoned mine water in Montana, USA. This project was interdisciplinary, 
introducing her to the many logistical hurdles to be overcome in the application of direct-use geothermal. 

Iceland is not the only country leading geothermal energy innovation where Cummings has conducted research. She has recently 
returned from a semester abroad at the University of Canterbury in Christchurch, New Zealand, where she completed a group geology 
research project studying the magmatic system below the Ohakuri Caldera in the Taupō Volcanic Zone, one of the most geothermally 
productive areas in the world. During her time in the field, she had the opportunity to visit Wairakei Power Station and experience the 
geothermal features present in the area. Her research gave her a stronger understanding of the structure and mechanism behind 
magmatic geothermal systems, applicable to numerous areas of interest for geothermal energy production. While abroad, she took 
related courses on groundwater and geothermal systems, and geohazards and risk. She also completed a three-week-long field camp, 
travelling across the South Island taking field observations, mapping the local geology and learning other relevant technical skills. 

Back at Syracuse University, Cummings is continuing her seismology research on the geothermal gradient under the Greenland Ice 
Sheet. Her research has implications for improving ice sheet melting models by taking these basal conditions into consideration when 
forecasting rates of ice loss into the ocean. Through this experience, she is learning geophysical modeling techniques applicable to 
industry investigation of natural geothermal systems and other areas of heightened geothermal temperature. 
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Cummings is a 2026 recipient of the national Goldwater and Astronaut Scholarships, along with departmental awards and 
recognitions such as the Vincent E. McKelvey Scholarship and the Estwing Award. She is well known around the department for her 
near-constant presence in the geophysics lab as well as her role as President of UGOGeo, the undergraduate geology club. She is 
often seen at new student events, club fairs, and pop-ups encouraging students to pursue Earth Science through research, majors, 
and club participation. She takes great pride in the connections she has formed with faculty, staff, and fellow students over the course 
of her time at Syracuse University. 

____________________________________________________________________________________________________________________________ 

Arianna Dambold
University of Oklahoma

Label-Free Flow Cytometry for Single-Cell Nanoparticle Delivery Analysis 
Introduction: Engineering safer, more effective nanomedicines requires a better understanding of how nanoparticles interact with cells 
at the single-cell level. While nanoparticles are often used as carrier systems for drugs and other payloads, their delivery to specific cells 
and tissues in the body remains a significant challenge. This challenge is further complicated by cellular heterogeneity, as cells within the 
same population can exhibit different nanoparticle interactions, uptake, and kinetics that affect delivery. To address this gap, researchers 
need rapid, accurate methods that enable high-throughput studies of nano-bio interactions. 

Materials and Methods: In this study, we systematically evaluated side-scatter-based flow cytometry as a high-throughput, label-free 
method for detecting nanoparticle-cell interactions, primarily referring to nanoparticle association and internalization. Conventional 
approaches, including optical microscopy and mass spectrometry, provide valuable information but remain limited in scalability for 
single-cell analysis. Optical microscopy often requires labeling strategies that may alter nanoparticle surface chemistry, while mass 
spectrometry is typically labor-intensive, destructive, and less suitable for real-time analysis. Flow cytometry offers a potential solution 
because it can analyze thousands of individual cells per minute while measuring optical scattering as label-free signals. Side scatter, 
or SSC, correlates with cellular complexity and granularity, and measurable changes in SSC can occur as cells interact with inorganic 
nanoparticles, including gold nanoparticles. 

Results, Conclusions, and Discussion: Using this workflow, we evaluated nanoparticle-cell interactions across different nanoparticle 
types, sizes, concentrations, surface chemistries, and cell lines. We quantified concentration-dependent nanoparticle uptake by cells, 
distinguished the effects of nanoparticle size, composition, and surface chemistry, and monitored uptake kinetics. To better model 
biological complexity, we also applied the workflow to mixed-cell and co-culture systems containing RAW 264.7 macrophages and 
DC 2.4 dendritic cells as immune-cell model systems. Dendritic cells showed higher nanoparticle interactions than macrophages 
in mixed populations, while macrophages showed increased interactions in co-culture compared with monoculture, suggesting that 
cell-cell communication can alter nanoparticle uptake. Overall, SSC-based flow cytometry provides a scalable approach for studying 
nanoparticle delivery and guiding the rational design of safer, more effective nanomedicines. 

About Arianna
Arianna Dambold is an honors biomedical engineering student at the University of Oklahoma whose work centers on translating 
biomedical research into accessible, point-of-care technologies. 

In the Biomedical Nano Engineering Laboratory at OU, she studies how nanoparticles interact with cells to make targeted drug delivery 
more precise and viable as a treatment for cancer. She helped develop a label-free method using side-scatter flow cytometry to quantify 
nanoparticle uptake without the destructive fluorescent tagging conventional approaches require, work now published in Analytical 
Chemistry, and she is extending that approach toward nanomedicine strategies for lupus, a chronic disease with no cure. Her research 
has been presented at conferences spanning nanomedicine, cancer research, advanced materials, and cell biology. 

This past summer she conducted research at the Johns Hopkins Institute for NanoBioTechnology, developing point-of-care diagnostic 
technology for early cancer detection in a lab that pursues not only the research question but the technologies and companies that carry 
the answer to patients. 

Alongside her research, Arianna co-founded PhantomFit, a medical device startup developing an accessible electrostimulation 
treatment for phantom limb pain, where she leads prototyping, patent development, and clinical partnerships. She has filed a provisional 
patent and secured competitive accelerator funding. The work grew out of the national BMES Medical Device Make-a-thon, where her 
team placed third and was encouraged to bring the device to market, and followed two consecutive first place finishes in the Stephenson 
School of Biomedical Engineering Design Competition. 



25 ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

Both sides of her work trace back to the same place. Arianna grew up as a patient, and she saw the gap between what research promised 
and the tools that actually reached the people who needed them. 

She intends to pursue a PhD in bioengineering focused on nanointerfaces and translational medicine, so that she can keep closing that 
gap from both directions, through the research that produces new technologies and the companies that carry them to patients. Her goal 
is to build medical technologies that reach the people living with chronic conditions like cancer, autoimmune disease, and neuropathic 
pain, and reach as many lives as she can with her own. 

____________________________________________________________________________________________________________________________ 

Asher Ferreira
University of Colorado Boulder
Massachusetts Institute of Technology

iScreen Cone: A Tasty New Method for Finding Antibiotics 
Streptococcus bacteria kill millions of people annually, placing them in the top 10 infectious causes of mortality in humans. A couple 
antibiotics reach the market every year globally and are usually variants of previous molecules rather than totally novel structures due 
to the scarcity of new antibiotic targets. Additionally, resistance to antibiotics is rising globally, partially due to the widespread use of 
broad-spectrum antibiotics. An attractive new target is ribonucleotide reductase (RNR). RNR is the only enzyme which catalyzes the 
synthesis of de novo deoxynucleotides – the building blocks of DNA – making it essential for all life on Earth. The elucidation of the atomic 
structure of class III RNR from Streptococcus thermophilus (StNrdD) revealed a novel inhibition mechanism among RNRs studied 
thus far. StNrdD, which is extremely similar in sequence with other class III RNRs from Streptococcus, possesses highly mobile “cone 
domains” which dimerize to inhibit the enzyme. We are developing high-throughput inhibitor screens using the cone domains (iScreen 
Cone assays) to identify small molecules which trigger dimerization and enzymatic deactivation. Inhibiting streptococcal class III RNR 
would halt DNA synthesis when Streptococcus attempts to establish an invasive infection. iScreen Cone assays are hypothetically 
mutation-adaptive and seek novel highly narrow-spectrum antibiotic candidates.

About Asher
Asher has been passionate about inventing cures for diseases since being diagnosed with Type 1 Diabetes at 9 years old. He joined the 
Luger Lab during his freshman year. Now going into his senior year at CU Boulder, he has applied his experience with myriad structural 
biology and biochemistry techniques to innovative drug development. He worked full-time for two summers at MIT in the Drennan Lab 
where he proposed a new antibiotic target, invented assays to find inhibitors, and designed new proteins. He hopes to invent and develop 
FDA-approved drugs over the course of his career and is applying to chemical biology PhD programs in Fall 2026. 

Asher is also passionate about empowering the next generation of scientists. In addition to leading middle school science education 
outreach, he started SCORSU, a national research study investigating how a diverse sample of STEM undergraduates have been 
differentially affected by federal cuts to scientific funding. 

____________________________________________________________________________________________________________________________ 

Grace Gratton
Embry-Riddle Aeronautical University

Characterizing the Solar Sources of Periodic Mesoscale Solar Wind Structures Responsible for Radiation Belt Particle Loss
The solar wind is a constant outflow from the Sun that continuously bombards Earth with magnetic fields and electrically charged 
particles. This outflow poses threats to satellites and spacecraft near Earth, potentially compromising missions and services we rely 
upon. It is well-established that geomagnetic disturbances at Earth occur regularly from the background solar wind, outside of times 
when there is a large-scale solar eruption such as a coronal mass ejection (CME). Thus, it is important to understand what aspects of 
the background solar wind cause geomagnetic disturbances that adversely impact our spacebased assets and forecast when such 
events will occur. We use the Wang-Sheeley-Arge (WSA) solar wind model to derive where the solar wind originated from at the Sun and 
examine the solar wind composition for each event which provides further information about where the solar wind originated from at the 
Sun. By understanding where periodic density structures in the solar wind formed, we take a critical first step towards a future capability 
of forecasting when the background solar wind will contain periodic mesoscale structures, and if they will be geoeffective.

About Grace
Grace Gratton is a senior studying Space Physics at Embry-Riddle Aeronautical University (ERAU). Her research focuses on space 
weather, with an emphasis on understanding the formation, acceleration, and propagation of solar wind and its impact at Earth. 
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Grace began research in systems engineering, where she developed a multi-agent system inspired by turtle hatching robust to faulted 
agents. After publishing this work, she shifted to space physics research, and is now characterizing periodic mesoscale solar wind 
structures to determine how they were formed at the Sun. Her work combines observations, coronal modeling, and data analysis to 
connect in-situ solar wind measurements with their solar source regions. Grace has continued her heliophysics research as a summer 
intern at both the Air Force Research Laboratory and at NASA Goddard Space Flight Center. 

Beyond research, she serves as a peer mentor for the Office of Nationally Competitive Awards, where she advises students on their 
applications. She also leads The Drive to Fly, an aerospace-themed art competition awardingmore than $11,000 to junior and seniors in 
her local county, founded by Astronaut Scholar Alum Vikas Patel. Grace also founded and leads Connection Cards, a mission to connect 
ERAU students with patients in the local hospital through cards and patient visits. 

Outside of academics, Grace enjoys crafting, painting, hiking, and wake surfing. She is a member of the ERAU Honors Program, a 
recipient of the Goldwater and Astronaut scholarships, recognized as a 20 Twenties winner, and holds a National FFA Degree. After 
graduation, she plans to pursue a Ph.D. in physics to continue investigating the Sun and its influence on the Earth. Her long-term goal is 
to become a professor, combining her passion for research with her mission for mentorship. 

____________________________________________________________________________________________________________________________ 

Vincent Griffo
Georgia Institute of Technology

Development of a Hybrid Wheel-Legged Robot for Adaptive Multimodal Locomotion
Legged robots excel on complex terrain but are often slower and less energy efficient on smooth surfaces, while wheeled robots offer 
fast, efficient locomotion but are limited by obstacles and uneven environments. This research presents the design and development 
of a multimodal wheel-legged robotic platform that combines the strengths of both locomotion strategies into a single system. The 
robot is capable of dynamically switching between wheeled and legged modes, allowing it to adapt its mobility strategy based on terrain 
conditions. By leveraging wheels for efficient travel across flat ground and legs for obstacle negotiation and rough terrain traversal, 
the platform aims to improve overall mobility, energy efficiency, and operational versatility. This work investigates how multimodal 
locomotion enhances robotic performance across diverse environments, with applications in search and rescue, planetary exploration, 
infrastructure inspection, and other scenarios where terrain conditions vary significantly. 
 
About Vincent
Vincent Griffo is a mechanical engineering undergraduate at the Georgia Institute of Technology, where he studies robotics and physics. 
His research focuses on mobility systems for planetary exploration, including adaptive wheels, multimodal rovers, collaborative robot 
fleets, and legged spacecraft. 

In Georgia Tech’s Aerospace Robotics Lab, led by Prof. Yashwanth Nakka, Vincent leads the development of an eight-degree-of-
freedom wheel-legged rover used to study how leg morphology and dexterity affect locomotion efficiency and stability on lunar-analog 
terrain. He has also developed NOVA, a fleet of low-cost autonomous rovers with rocker suspension and independent swerve-drive 
modules for multi-agent navigation and collaboration experiments. 

Vincent is the inventor of GROVER, a variable-height grouser wheel that uses an internal spiral-cam mechanism to alter its geometry for 
different terrain conditions. Experimental testing demonstrated reductions in wheel slip of up to 58 percent in granular media. The work 
received Best Paper at the 2025 Robotics: Science and Systems Space Robotics Workshop and is the subject of a provisional patent 
and an IEEE journal manuscript. 

At ETH Zurich’s Robotic Systems Lab, led by Prof. Marco Hutter, Vincent worked on LunarLeaper, a 12U CubeSat-class quadrupedal 
robot intended for lunar science exploration. He led the design and prototyping of a three-degree-of-freedom parallel leg architecture 
developed for the mechanical, thermal, and environmental constraints of a lunar mission.

At Tohoku University’s Spacecraft Innovation and Exploration Laboratory, led by Prof. Kazuya Kuwahara, Vincent researches 
electromagnetic soft-docking systems for CubeSats. His work investigates low-impact magnetic capture and mechanical docking 
methods for small spacecraft. 

Vincent is an Astronaut Scholar, Goldwater Scholar, ThinkSwiss Research Fellow, and Stamps President’s Scholar. He currently works 
with the Atlas team at Boston Dynamics.
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Ojas Gupta
Georgia Institute of Technology
National Library of Medicine at the National Institute of Health

Identifying Fold Switching Proteins in the Human Proteome
The sequence-structure relationship has been a key pillar underlying the current understanding of protein folding, which holds that 
an amino acid sequence encodes a single, stable three-dimensional fold. Fold-switching proteins challenge this paradigm and can 
reversibly remodel portions of their secondary and tertiary structure in response to external stimuli resulting in two stable protein 
structures from the same sequence. Originally thought to be evolutionary drift, recent evidence suggests that fold-switching in proteins is 
biologically- significant and maintained through evolutionary changes. However, fold-switching proteins remain poorly understood and 
the true prevalence of fold switching across genomes is unknown, as most experimentally determined structures and the associated 
databases are strongly biased toward a single stable, crystallizable structure. My work aims to establish a systematic method of 
identifying and establishing which proteins undergo fold-switching, by first analyzing the human proteome. 

Initial efforts to quantify existing fold-switching proteins started in 2018, where Porter and Logger established a benchmark of 96 
experimentally validated fold-switching proteins. Using sequence- and structure-based features of this set, they estimated that up to 
4% of PDB entries may switch folds, which was the first evidence that fold switching is likely widespread. The Porter lab at the National 
Library of Medicine developed CF-random, a ColabFold-based method that predicts alternative structures of the same sequence 
by randomly subsampling Multiple Sequence Alignments (MSAs) rather than relying on the deep MSAs and coevolutionary signal 
that bias AlphaFold2 toward a single dominant fold. CF-random was able to recover both folds of a given sequence 35% of the time, 
which is several-folds higher than prior individual methods. Applied genome-wide to roughly 2,100 Escherichia coli proteins, CF-
random predicted that up to 5% of the E. coli proteome may switch folds, which was the first genome-scale fold-switching estimate 
for any organism. 

This proposal extends that genome-scale screening strategy to humans, working on the roughly 20,000 canonical proteins contained 
in the human genome. I have built and deployed an end-to-end fold-switching screening pipeline, capable of generating MSAs from 
single-sequence fasta files, running ColabFold-random, and identifying fold-switching proteins from the generated models. Building 
on previous work in the lab, I have developed a quantitative framework for high-throughput screening of ColabFold-random results, 
using DSSP and PyMol-based DSS calculations for secondary structure assignment, along with disordered region length and frequency 
cutoffs. I hope to have a putative list of all the fold-switching proteins in the human genome by the presentation time of August 10th. 

This screen represents the first proteome-scale application of CF-random to the human genome and is expected to substantially 
expand the catalog of putative fold-switching proteins beyond the 96 experimentally validated and deposited in the PDB. Pending future 
experimental validation, this expanded list of fold-switching proteins will help characterize the features that distinguish fold switchers 
from rigid proteins, providing valuable data for scientists and generative structure-prediction computation models like Alphafold3 to truly 
understand the biophysics of protein folding. 

About Ojas
Ojas Gupta is a rising senior majoring in Biomedical Engineering with a minor in Chemistry and Biochemistry at the Georgia Institute 
of Technology. His research centers on the molecular biophysics underlying complex biological behavior, combining computational 
modeling with wet-lab experimentation to study how molecular interactions give rise to higher-order biological function and disease. 
 
Ojas first became interested in research as a way to contribute to COVID-19 pandemic recovery efforts. He joined the lab of Dr. Ravi 
Kane at Georgia Tech, where he worked on protein engineering and co-authored a paper using directed evolution to develop a validated 
COVID-19 nanobody. This work led to a Nakatani Fellowship, a fully funded research fellowship in Japan, where he continued pursuing 
COVID-19-related research under Dr. Beomjoon Kim at the University of Tokyo focused on stabilizing a modified vaccinia-virus-vector 
COVID-19 vaccine using microneedle patches. 
 
Following these applied, pandemic-driven projects, Ojas turned to more fundamental biological questions. He began characterizing 
intrinsically disordered proteins (IDPs) through IDP-Polymers, a modular, tractable architecture developed in Dr. Felipe Quiroz’s lab 
at Emory University. Supported by a President’s Undergraduate Research Award, he extended this work to develop IDP-Polymers 
into synthetic organelles, working toward engineered cellular factories with applications ranging from therapeutics to augmented cell 
function. Through this project, he realized the importance of computational modeling in leveraging large amounts of data, a realization 
that reshaped the direction of his research. He went on to conduct computational protein-engineering research under Dr. Shawn 
Dougls at the University of California, San Francisco, improving the performance of a Rosetta-based computationally designed de 
novo protein-DNA binder. Currently, he is working in Dr. Lauren Porter’s lab at the National Institute of Health, where he researches fold-
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switching proteins that feature two stable secondary and tertiary structures, working towards a better understanding of the biophysics 
behind protein folding. This fall, he will carry this computational focus to Università della Svizzera italiana (USI) in Lugano, Switzerland, 
developing deep learning frameworks for improved rare-event sampling as a ThinkSwiss Fellow. 
 
Outside the laboratory, Ojas is passionate about applying his research to make an impact on society. As a founding research contributor 
at Bindwell, a biotechnology startup, he developed wet-lab pipelines and thermodynamic models to develop a novel biopesticide 
compound currently undergoing field trials in India. He is also the founder of Georgia Tech’s largest biotechnology student organization, 
which supports students in understanding the full life cycle of health-science research, from laboratory discovery through clinical and 
commercial translation. 
 
Ojas plans to pursue a PhD in biophysics and integrate computational advancements with biological experimentation. Through this 
research, he envisions a future in which human health is fully understood and can be controlled with molecular precision. 

____________________________________________________________________________________________________________________________ 

Anna Hagberg
University of Colorado Boulder
National Oceanic and Atmospheric Administration

SO2… What’s Next?: Automating the Detection of SO2 Interference in Ozonesonde Profiles in Volcanic Regions
Balloon-borne measurements provide a high-quality, in-situ record of ozone profiles in the atmosphere via ozonesonde instruments. 
Ozonesondes utilize a redox reaction involving ozone bubbled into a potassium iodide solution. However, sulphur dioxide (SO2) in the 
sample air interferes with the ozone measurement as it causes a flow of electrons opposite to the ozone reaction. This SO2 reaction 
creates sharp drops–referred to as notches–in the measured ozone signal that do not reflect actual atmospheric ozone variability. These 
artificial notches in ozone profiles complicate the interpretation of individual profiles and can affect long-term trend analyses in volcanic 
and highly polluted regions susceptible to SO-rich plumes.  

The current approach to this problem relies on characterization of these notches through performing visual inspection of individual 
profiles. This process is time-intensive and can only be verified through the use of a dual-sonde payload. However, these dual-sonde 
flights are resource intensive and the reliability of their data is variable.  

The Ticosonde project launched dual-sonde payloads intermittently from 2012-2020 in San Jose, Costa Rica, providing a ground-
truth database for ozone and SO2 in the troposphere and lower stratosphere. This work leverages the Ticosonde database to develop 
a machine learning algorithm to automate the identification of SO2 interference in the standard, unfiltered ozonesonde data. The 
machine learning architectures selected for evaluation are a Gaussian Mixture Model and a Convolutional Neural Network. Insights 
from this investigation are designed for implementation, characterizing SO2 interference in long-term records at baseline observatories 
as well as short-term campaigns. 

About Anna
Anna Hagberg is a rising senior at the University of Colorado Boulder studying applied mathematics as well as atmospheric and oceanic 
sciences. Her research interests have spanned many facets of her fields of study. Currently working with the NOAA Global Monitoring 
Lab, Anna utilizes machine learning to detect SO2 interference in long-term ozonesonde measurements in volcanic regions. This work 
will improve in-situ ozone measurements and may eventually offer a way to detect SO2 from solar geoengineering projects. While 
studying abroad, she gained experience with machine learning through a project to characterize weather conditions before avalanches 
in Iceland’s Westfjords region. This project is actively being implemented at the Icelandic Meteorological Office to improve safety from 
avalanches in a region of the world that is threatened by these events. At the University of Colorado Boulder, she worked with Dr. Katja 
Friedrich to analyze radar data, characterize the boundary layer using water vapor isotopes, and even chase hailstorms through the 
Great Plains with the ICECHIP project, gathering data to be used in the improvement of forecasts and the protection of lives and property. 
She presented her water vapor isotope work at the American Meteorological Society annual conference in 2025. She has also worked 
at the National Center for Atmospheric Research to test a novel optical component for a Fourier Transform Infrared Spectrometer. 
Anna is highly involved in her communities, and she seeks to make an impact through her work in research as well as her interpersonal 
engagement. She is motivated to tackle pressing and complex problems, with a focus on the mitigation of hazards due to anthropogenic 
climate change.   
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Coleman Hines
North Carolina State University

New Solutions to the One-Phase Free-Boundary Problem
The one-phase Bernoulli problem is a mathematical description of the flow of fluids in different phases and the regions they occupy. 
Homogeneous solutions to this problem are critical in studying the smoothness of the boundary between the two fluids. We discuss a 
construction of new homogeneous solutions to the one-phase Bernoulli problem. 

About Coleman
Coleman Hines is an undergraduate student entering his final year at North Carolina State University (NCSU). He is a mathematics 
major and a president of the Society of Undergraduate Mathematics at NCSU. He is mainly interested in partial differential equations, 
especially those that arise in differential geometry. He plans to pursue a PhD in mathematics with the long-term goal of being a research 
mathematician.  
     
Coleman has worked with Peter McGrath and James Kolesar in constructing a new class of solutions to the one-phase Bernoulli problem, 
a problem that arises in the study of jet flows and flame propagation. More recently, he investigated variations on the Furstenberg set 
problem with Jake Fielder through the Research Experience for Undergraduates at the University of Chicago.  

____________________________________________________________________________________________________________________________ 

Andrew Hodges, Jr.
Clemson University

Low-Resource Systems to Enable Suborbital Measurements of Total Electron Content and Cosmic Ray Fluxes
Sounding rockets provide low-cost access to the near-space environment, supporting atmospheric science, astronomy, and the 
development of next-generation space technologies. This work presents instrumentation developed by the Clemson University team for 
the NASA RockSat 2026 student sounding rocket mission, launched from Wallops Flight Facility, Virginia, in June 2026. 

The payload integrated two instruments. First, a VHF radio receiver system built around an RTL-SDR capturing signals of opportunity 
from nearby NOAA weather stations, working in tandem with ground-based receivers with the aim of deriving ionospheric total electron 
content (TEC). Unlike traditional beacon experiments that require an active transmitter, this passive architecture simplifies both the 
payload and ground-station design. This system was supported by a spring-loaded antenna design, restricted by a nichrome burn-
wire release mechanism. Additionally, a Radiacode 102 CsI(Tl) radiation spectrometer provided energy-resolved measurements (80 
keV–2.8 MeV) of the atmospheric and near-space radiation environment, offering sufficient sensitivity for altitude discrimination in a 
compact, low-power package with no high-voltage requirements. 

Both systems performed successfully during the June launch. This work presents preliminary results, including cosmic ray flux 
measurements to an altitude of 185 km, alongside ongoing analysis to derive TEC from coupled ground- and rocket-based VHF data. 
These results contribute to the development of low-resource deployment mechanisms and sensor payloads and demonstrate a 
simplified architecture for ionospheric electron density and TEC measurement missions. 

About Andrew
Andrew Hodges, Jr. is a rising senior at Clemson University majoring in physics and minoring in nuclear engineering and radiological 
sciences. In addition to being named a 2026 Astronaut Scholar, he was also named a 2026 Goldwater Scholar and the L.D. Huff 
Outstanding Sophomore and Junior in the Clemson Department of Physics and Astronomy. 

Hodges is currently an intern at Charthouse Data Management working to develop portable health physics instrumentation to protect 
against ionizing radiation exposure. Recently, he served as the Clemson undergraduate team lead in Kaeppler Lab for the RockSat 
2026 student sounding rocket mission, a NASA program providing teams from participating universities an opportunity to design and fly 
payloads on a sounding rocket, which launched from Wallops Flight Facility in June of 2026. Hodges was also a member of the Clemson 
team which developed an ionospheric instrument payload and traveled to Andoya Space Center, Norway in 2025 for its launch as part 
of the NASA GHOST student sounding rocket mission. In the summer of 2025, Hodges interned at NASA Goddard Space Flight Center 
in the Climate and Radiation group where he developed data acquisition and control software and performed detector characterization 
for an advanced infrared camera for airborne imaging applications. This instrument is flying aboard an ER-2 aircraft during the summer 
of 2026 as part of NASA’s INSPYRE fire campaign. Supported by an Undergraduate Research Award from the NASA SC Space 
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Grant Consortium, Hodges modified an open source Python nudged elastic band optimization program designed for modeling atomic 
interactions for applications in point-to-point ionospheric ray tracing. Hodges began his research at Clemson University in the summer 
before his freshman year through the Clemson Honors College EUREKA! Undergraduate Research Program exploring the effectiveness 
of a novel deep learning-based image distortion correction software. 

Since 2024, Hodges has served as a mentor for a Clemson Mock Spaceflight Mission Design class where students develop a model 
rocket sensor payload (including a 3D printed housing and instrument electronics) while adhering to the NASA sounding rocket review 
guidelines. Hodges is a founding member and has served as treasurer of the Clemson student chapter of the American Nuclear Society. 
In its first year, this student organization hosted professional career panels, participated in community outreach events, and organized 
tours of the Westinghouse nuclear fuel fabrication facility and the Oconee nuclear power plant.

____________________________________________________________________________________________________________________________ 

Joshua Ikehara 
Harvey Mudd College

Investigating Structural Impacts on the Thermal and Physical Properties of One-Dimensional Copper(I)-Imidazolate 
Coordination Polymers
Coordination polymers offer greater functionality than traditional all-organic polymer materials (e.g., catalysis, conductivity, biomedical 
applications), but their physical properties are relatively poorly understood. This project focuses on one-dimensional copper(I)-
imidazolate coordination polymers, as prior studies have indicated that altering the substituents on the imidazole ligands can change 
the packing of the resulting polymer, and thus modify the thermal properties of the material (i.e., melting, crystallization, and/or glass 
transition temperatures). Our goal was to determine whether systematic modification of imidazole substituents produces predictable 
changes in polymer structure and stability. To achieve this, we used a modified Debus–Radziszewski procedure to synthesize a set 
of non-commercially available imidazole ligands. Using these ligands, we prepared copper(I)-methylimidazolate polymers under 
solvothermal conditions and characterized their structures by powder X-ray diffraction (PXRD) and their thermal behavior by differential 
scanning calorimetry (DSC) and thermogravimetric analysis (TGA).  
 
We successfully reproduced the known chain polymorph of copper(I) methylimidazolate and discovered a previously unreported 
polymorph with a distinct PXRD pattern and unique thermal transitions. This polymer exhibited clear melting and recrystallization events 
that are absent in variants reported in the literature, suggesting that a novel coordination environment and packing structure have been 
created. Thus, this is the first step towards demonstrating that subtle synthetic modifications can yield new structural forms with thermally 
distinct behavior. Future work seeks to further characterize the structure of these materials and to investigate on-demand degradation 
and recyclability in these materials. 

About Joshua
Joshua Ikehara will be entering his senior year at Harvey Mudd College as an engineering major with a focus in electrical engineering and 
is a Science and Engineering Research Fellow. 
 
Ikehara’s work spans projects ranging from materials research and environmental sensing to aerospace systems and electrical circuits, 
applying engineering principles across multiple disciplines, combining creativity, problem-solving, and scientific understanding. 
 
In addition to his metal-based polymer research, he conducts research with Sandia National Laboratories to study the permittivity of 
ferroelectric nanoparticles suspended in silicone, with the aim of creating advanced dielectric composites for use in lighter-weight 
capacitors with enhanced energy storage and power conversion. Applications span space exploration, electric vehicles, solar power, 
and broader electronic systems. Ikehara has also researched and prototyped cephalopod-inspired soft robotics designed to minimize 
ecosystem impact and reduce oceanic microplastic waste. 
 
Ikehara is an Electrical Engineering Intern at Terran Orbital, an end-to-end spacecraft manufacturer that develops government and 
commercial satellites for Earth observation and deep space exploration. He designs automation systems for spacecraft electronics, 
streamlining verification and validation processes. 
 
Outside of research, Ikehara serves as an Engineering Teaching Assistant and an Experimental and Systems Engineering lab proctor, 
where he will take on a mentorship role for new student proctors assisting students with designing, building, and field testing autonomous 
underwater robotic vehicles. He is also a Core Scholars Tutor, treasurer of Tau Beta Pi Engineering Honor Society, a Harvey Mudd Summer 
Institute scholar, and volunteers at the local science museum as a team lead and special science experiment presenter. Additionally, Ikehara 
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is on the leadership team for Science Bus, developing and delivering hands-on science workshops traveling to local elementary schools, and 
organizing community programs. Ikehara also founded and leads a Southern California Science Olympiad youth outreach STEM mentoring 
program with the goal of making STEM more accessible for youths. Ikehara also enjoys volleyball and bouldering. 

After graduation, Ikehara plans to pursue advanced research opportunities in electrical engineering or sustainable energy storage, 
making a meaningful difference for a better and more sustainable tomorrow. Additionally, Ikehara feels industry work experience will 
deepen his understanding of real-world engineering challenges and the practical constraints that shape technological innovation, 
allowing him to pursue research that is both scientifically rigorous and grounded in real-world needs. 

____________________________________________________________________________________________________________________________ 

Sara Kaufman
Johns Hopkins University

Toward Cardiac Tissue Engineering: hPSC-Cardiomyocyte Differentiation and Bioprinting
Human pluripotent stem cells (hPSC) are unique in their ability to undergo differentiation into specialized cell types from all three 
human germ layer lineages. They offer significant potential in early-stage therapeutic testing, transplantation, and personalized 
medicine. One of their applications is in modeling cardiovascular disease, which is the global leading cause of death. Differentiating 
cardiomyocytes (cardiac muscle cells) from hPSC involves a series of growth factor additions, with the overarching goal of 
upregulating the WNT pathway to direct hPSC towards the mesoderm lineage, then downregulating WNT to further direct cells into 
cardiomyocytes. Each cell line requires a unique differentiation protocol due to its tissue origin, epigenetics, and lineage bias.  

Over six experiments, a design-of-experiment (DOE) approach was taken to develop a differentiation protocol for cardiomyocytes. 
This involved evaluating varying concentrations of the CHIR99021 small molecule, initial cell concentrations, durations of 
growth factor addition, and media supplements. Ultimately, a 90% starting confluence led to the highest cell survival throughout 
differentiation, andallowing 24 hours between WNT up- and down-regulation supported cell maturity. Additionally, the use of 
GlutaMAX supplement in media supported cell survival and faster cardiomyocyte contractions (contractions seen by day 7). 

One application for hPSC-based disease modeling involves 3D bioprinting, the controlled deposition of cells onto a substrate 
using extrusion, inkjet, or laser-based technologies. These techniques are reliant on bioinks (commonly types of hydrogels), which 
encapsulate the cells and allow for their survival and growth upon printing. Collagen, a structural protein found in the myocardial 
extracellular matrix (ECM), has been employed to develop a bioink suitable for cardiomyocyte integration. It has been tested at 
varying concentrations in a fibrin-based bioink. By tuning collagen concentration and crosslinking, it may be possible to develop a 
bioink that supports contractility in hPSC-derived cardiomyocytes. This work is currently ongoing. 

Ultimately, this research contributes to the overarching goal of in vitro disease modeling and cardiac tissue engineering. As these 
technologies advance in complexity and maturity, they will have the potential to supplement in vivo animal models for understanding 
disease and evaluating new therapies, as well as support disease recovery via implantation and transplantation. 

About Sara
Sara Kaufman is a fourth-year undergraduate student at Johns Hopkins University, studying Biomedical Engineering and Writing 
Seminars (creative writing) as a Charles R. Westgate Scholar in Engineering. She is a research assistant in the Kim Laboratory and 
Zambidis Laboratory, where she supports the development of cardiovascular system microphysiological models and works with 
cardiac stem cell differentiation. However, Sara’s passions transcend the laboratory walls. She has been volunteering at the Johns 
Hopkins Hospital for two years, in capacities including a child life volunteer at the pediatric ICU and the founder of the maternity unit 
arts volunteer program. Sara also cares about equity in higher education and research, and she runs PARSE, an international effort 
to help students achieve their post-secondary goals. She is grateful to have been named an Astronaut Scholar, Davidson Fellow in 
Science, and JHU Provost’s Undergraduate Research Award recipient. Upon graduating from Johns Hopkins, Sara plans to pursue 
an MD-PhD and someday run a laboratory focused on cardiac tissue engineering and transplantation. 
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Kamrynn Kelly
United States Air Force Academy

Application of Batch Filtering Techniques to FalconSAT-6 Orbit Determination
Accurate orbit determination is essential for satellite operations, conjunction assessment, and space domain awareness. As the number 
of active spacecraft and tracked objects in Earth orbit continues to increase, operators require precise state estimates to support mission 
planning and reduce uncertainty in an increasingly congested environment. Orbit determination techniques use observational data to 
estimate a spacecraft’s trajectory and predict future orbital motion. This research investigates the application of batch least-squares 
estimation to FalconSAT-6 and evaluates the impact of increasingly complex orbital force models on estimation accuracy. 

GPS measurements collected onboard FalconSAT-6 were used as the observational dataset for orbit determination. A batch least-
squares estimator was developed to determine the spacecraft state by minimizing residual errors between observed and predicted 
measurements over a specified observation interval. Unlike sequential estimation techniques, the batch approach processes all 
available observations simultaneously, allowing information from the complete dataset to contribute to the final solution. The resulting 
state estimate provides both an optimized orbit solution and associated uncertainty metrics that can be used to evaluate estimator 
performance. 

To assess the influence of force-model fidelity on orbit determination accuracy, three dynamical models were examined. The first 
employed a simplified two-body gravitational model that assumes Earth is a perfect point mass. The second incorporated atmospheric 
drag effects, accounting for perturbations experienced by the spacecraft in low Earth orbit. The final model included both atmospheric 
drag and Earth’s J2 oblateness perturbation, capturing the dominant effects of Earth’s non-spherical gravitational field. Orbit propagation 
results from each model were compared against GPS-derived reference measurements to quantify estimation error and determine the 
contribution of each perturbation to overall solution accuracy. 

Residual analysis and position error comparisons were used to evaluate the performance of each force model. The results demonstrate 
how the inclusion of increasingly realistic perturbation effects improves orbit determination accuracy and reduces divergence from the 
GPS reference trajectory. These findings highlight the importance of selecting an appropriate dynamical model when performing state 
estimation for low Earth orbit spacecraft. 

Beyond its application to FalconSAT-6, this research demonstrates the relationship between force-model complexity and orbit 
determination performance. Understanding this relationship is critical for satellite operators, tracking networks, and future space traffic 
management systems that rely on accurate state estimates to support operational decision-making. As the space environment becomes 
increasingly crowded, robust estimation techniques and accurate orbital models will remain fundamental to safe and sustainable space 
operations. 

About Kamrynn
C1C Kamrynn Kelly is a senior at the United States Air Force Academy pursuing a Bachelor of Science in Astronautical Engineering with 
minors in Russian and Space Warfighting Acquisition. As a Stamps Scholar, Astronaut Scholar, and member of the Martinson Honors 
Program, she has developed a strong interest in spacecraft operations, space domain awareness, and the long-term sustainability of the 
space environment. 

Kelly’s research focuses on orbit determination, orbital debris mitigation, and space policy. She has conducted research on orbital debris 
modeling, batch least-squares state estimation for FalconSAT-6, and policy solutions to address the growing challenge of orbital debris. 
Her current research explores methods for filtering anomalous tracking data to distinguish orbital debris from potential threats, supporting 
improved space domain awareness capabilities. She has presented her work at the United States Air Force Academy Cadet Research 
Forum, the Astronaut Scholarship Foundation Technical Conference, and the National Conference on Undergraduate Research. 

In addition to her technical research, Kelly developed a policy proposal addressing the fragmented regulatory structure governing 
orbital debris mitigation in the United States. Through interviews with leaders from government, industry, and academia, her research 
recommends an interagency framework to improve coordination and promote sustainable behavior in orbit. The project is currently 
undergoing peer review for publication. 

Outside the classroom and laboratory, Kelly serves as the Chief of Staff for Cadet Squadron 13 and is a captain and Cadet in Charge 
of the Women’s Club Ice Hockey Team, where she oversees team operations and logistics while mentoring younger cadets. These 
leadership experiences have strengthened her commitment to service, teamwork, and developing future leaders. 
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Following graduation, Kelly plans to pursue graduate studies in aerospace engineering with research interests in orbital debris 
remediation, autonomous rendezvous and proximity operations, and active debris removal technologies. Her long-term goal is to 
advance international cooperation in space sustainability and ultimately serve as Director of the United Nations Office for Outer 
Space Affairs. 

____________________________________________________________________________________________________________________________ 

Damien Koon
Florida Institute of Technology

Wentzell Boundary Conditions on Global Anti de-Sitter Spacetime
Anti-de Sitter (AdS) spacetime is one of the most studied backgrounds in gravitational physics, in large part because of its role in 
the holographic AdS/CFT correspondence. It also has an unusual causal structure. AdS has a conformal boundary with a timelike 
surface at spatial infinity. This means that although this surface lies infinitely far away, it can still be reached in finite coordinate 
time, so a signal can be sent to the boundary and return. This property leads to the consequence that information specified on a 
single spacelike slice is not enough to determine how a field evolves. To obtain a well-posed problem, one must impose a boundary 
condition at the conformal boundary, and different admissible conditions correspond to physically distinct theories.

The familiar boundary conditions are Dirichlet and Neumann, which fix the field or its normal derivative at the boundary, together with 
the Robin condition, which relates the two through a fixed linear combination. All three have been established for the Klein-Gordon 
field on global AdS. The Wentzell boundary condition is a further generalization in which the boundary value of the field obeys its own 
equation of motion, so that the boundary carries independent dynamics rather than acting as a fixed edge. For the Klein-Gordon 
field, the Wentzell case has been solved on the Poincaré patch, a region that covers only part of AdS. The corresponding analysis on 
global AdS was proposed as an open problem in 2018 and has not been carried out. This project completes it.

We take as our starting point a real scalar field on global AdS (d–¹), described by an action built from two parts. The first is the usual 
bulk Klein-Gordon term. The second boundary term is defined on the conformal boundary, the Einstein Static Universe, ℝ × Sd⁻¹, 
and this term leads to dynamical boundary condition. In the physical metric the boundary term diverges. We therefore regularize the 
action through conformal compactification, rescaling the metric by a Weyl factor and rescaling the field to match, so that both stay 
finite at the boundary. With the action now finite, we carry out the variation directly and retain the boundary contributions that the 
Euler-Lagrange procedure would otherwise discard. The result is a coupled system. The bulk equation is the rescaled Klein-Gordon 
equation, and the boundary equation is a second Klein-Gordon type equation that encodes the Wentzell condition. This system 
depends on a set of free boundary parameters, among them a boundary mass and a boundary curvature coupling.

Separation of variables reduces the coupled system to a singular Sturm-Liouville problem for the radial part of the field, with the 
Wentzell condition appearing as a parameter dependent condition at the conformal boundary. Solving this problem gives the 
quantization condition that determines the allowed frequencies. We characterize the resulting spectrum as the boundary parameters 
are varied, identify the ranges that produce bound states, and locate the thresholds at which dynamical instabilities appear. Finally, 
we compare the global-AdS spectrum with the known Poincaré-patch result to separate the features that come from the Wentzell 
condition itself from those that come from the global structure of the spacetime. Beyond resolving a specific open case, the work 
bears on a broader question in mathematical physics, namely how the boundary of a spacetime constrains the quantum fields 
defined on it.

About Damien
Damien Koon grew up in Southern Mississippi, moving so often that he stopped counting on anything staying put. School never 
seemed to engage him, but computers did. After he’d saved up money from summer work, his uncle showed him how to build his first 
computer, and from there he taught himself to program. He spent late nights in the terminal, breaking Linux and figuring out how to 
fix it. School was different. He could do the work, but it rarely held his attention.

He enrolled in a cybersecurity program at Mississippi Gulf Coast Community College. However, a year later, he started to feel like 
there was more for him and that maybe cybersecurity wasn’t the passion he thought it was. So he started reading outside of the 
computer classes: philosophy, then linguistics, then more and more mathematics. He stumbled upon physics while exploring 
various career fields and thought maybe that could be it.

He wanted to start over, but that meant building the whole new foundation himself. That first year, he worked through Khan Academy 
end to end and read past a hundred books, most of that time spent rebuilding the mathematics he knew he’d need before anything 
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harder would make sense. When he changed his major, he understood why a few in his family had doubts. He didn’t argue. He knew 
that this was the right direction and figured the work would show it. And it did. The A’s came one after another, on the hardest material 
he’d ever sat with. The difficulty and work were the reasons he stayed, and they have led him to maintain a 4.0.

Florida Tech showed him that he finds the theoretical side of physics most exciting. He enjoys working through derivations on his own 
time to see whether the idea itself is right, not just the algebra. The part he fell in love with is the same thing he was after in the terminal 
as a kid, always trying to see what is under the hood. The difference is that in theory, there’s always another layer beneath the last one.

____________________________________________________________________________________________________________________________ 

Henry Kopp
University of Minnesota

Flue Gas CO2 Separation Using Facilitated Transport Hybrid Membranes
Post-combustion carbon capture is an important strategy for reducing CO₂ emissions from industrial processes and fossil-fuel power 
generation. Our work investigates the permeability and solubility of facilitated transport hybrid membranes (FTHMs) composed of 
metal-organic framework (MOF) particles dispersed in a polymer matrix for CO₂/N₂ separation. Our work not only comprehensively 
studies the impact on membrane permeability performance from changes to the operating conditions, but also aims to compare the gas 
solubilities of various MOF/polymer FTHMs, an area currently under-explored in the literature. 

In our previous work, membrane performance was evaluated using constant-volume, variable-pressure pure gas permeation and pure 
gas sorption instruments. CO₂ permeability and ideal CO₂/N₂ selectivity were measured as functions of upstream pressure, membrane 
thickness, and MOF loading. Our results identified an optimal MOF loading and thickness of the FTHMs, with a trend of membrane 
performance decreasing above a certain threshold of MOF loading. This trend was explained by Scanning Electron Microscope images 
showing a significant agglomeration effect of MOF particles in higher-MOF-loading membranes, leading to less even distribution of 
MOF crystals within the polymer matrix than under lower loadings.

Our ongoing work focuses on taking these results and applying them to study the solubility of MOF/polymer FTHMs. Future work will 
study the gas solubilities of combinations of a Pebax or Matrimid polymer matrix with either UiO-66 or ZIF-8 MOFs and their derivatives 
acting as the MOF filler, under various operating conditions. Current research has explored the solubilities of pure-polymers and pure-
MOFs, while not studying how the chemical bonding and interfacial interactions formed between the MOF filler and polymer matrix 
impact the gas solubility of the FTHM. This research will help to bridge this gap and gain a more comprehensive understanding of the 
performance of these membrane systems.  

About Henry
Henry Kopp is an undergraduate student in Mechanical Engineering at the University of Minnesota, Twin Cities, with research interests 
in medical innovation and novel materials. For the past two years, he has been involved in research at UMN and worked with Professor 
Jun Li in the Department of Mechanical Engineering on the development and testing of mixed-matrix polymer membrane materials 
for carbon capture. He has also conducted research in directed energy deposition metal additive manufacturing through a summer 
Research Experience for Undergraduates at Northwestern University and participated in a seven-month co-op developing cardiac 
implant technology at Boston Scientific. 

Outside of research, Kopp has held significant leadership roles in student organizations. He has been a member of the University of 
Minnesota Solar Vehicle Project for three years and currently serves as Director of Operations, managing sponsor relationships and 
team finances. He also served as the group’s Team Manager and Logistics Lead while competing, as one of three teams representing 
the United States, at the 2025 Bridgestone World Solar Challenge in Australia. Finally, he is also a competitive collegiate figure 
skater, a two-time collegiate nationals competitor, and served as co-president of the University’s figure skating club during the 2024–
25 academic year. 

Kopp plans to pursue graduate studies focused on applications of new materials in medicine, with the long-term goal of contributing to 
the development of new medical device technologies and ventures. 
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Shreya Krishnan
Purdue University

A Computational Microscope to Analyze Calmodulin Complexes
Calmodulin (CaM) is a calcium-mediated signaling protein which plays a key role in calcium signal transduction and cell signaling 
cascades. CaM consists of two lobes connected by a helical linker, with each lobe containing two calcium-binding sites essential to 
its function. CaM function has been associated with cardiac rhythm regulation, neural signaling, and smooth muscle function. CaM is 
a known activator of the adenylyl cyclase 1 (AC1) protein, which converts adenosine triphosphate (ATP) to the cell signaling molecule 
cyclic adenosine monophosphate (cAMP). AC1 is a transmembrane protein consisting of two functional domains, C1 and C2, which 
interact to form the catalytic site for cAMP synthesis. AC1 activity is associated with neurological pathways for spatial memory, chronic 
pain, migraines, and drug abuse, making AC1 a critical drug target for multiple diseases. 

Characterizing effects of CaM on AC1 function and understanding how mutations alter CaM dynamics and AC1 interactions can 
provide insights that future research can use as targets to improve treatments for AC1- and CaM-associated disorders including cardiac 
arrhythmia, chronic pain syndromes, and drug abuse. Currently, molecular mechanisms behind AC1-CaM interactions and effects 
of CaM mutations on these interactions remain poorly understood. Molecular dynamics simulations can serve as a “computational 
microscope” to study mechanisms behind CaM-AC1 interactions at an atomic scale.  

To understand how CaM binding affects AC1 dynamics, computational models of AC1 and CaM-bound AC1 (AC1-CaM) were 
constructed and simulated. Comparison between dynamics of AC1 and the AC1-CaM complex revealed that CaM binding reduced 
the cross-sectional area of the AC1 catalytic site, facilitating ATP binding and conversion. Structural results suggested that CaM forms 
the AC1 catalytic site by binding to the sides of C1 and C2, bringing the two domains together; CaM interactions with both the C1 and 
C2 domain were key to forming the catalytic site. Subsequently, effects of CaM mutations on these interactions were examined. Four 
CaM mutations, each impairing calcium binding at a single site, were introduced into the AC1-CaM model and analyzed. In total, 
simulation runtime across all systems in this study (AC1, AC1-CaM, and the four CaM mutant systems) totaled 12000 nanoseconds. 
The AC1-CaM binding process was studied by displacing CaM from AC1 and then simulating the system. Cluster analysis of AC1-CaM 
positions from simulations demonstrated that mutations to the N-terminal lobe and a mutation to residue 141 of the C-terminal lobe 
disrupted interactions with the C2 domain of AC1, potentially disrupting AC1 activation. Comparatively, a mutation in residue 105 of the 
C-terminal lobe preserved contacts with the C2 domain of AC1. Importantly, the conformations for all four mutant systems were unique, 
demonstrating distinct effects of each mutation on CaM dynamics and AC1 interactions. Together, these findings provide insights into 
specific CaM-AC1 interactions that can be utilized to inform future therapeutic development for AC1- and CaM-associated diseases. 

About Shreya
Shreya Krishnan is a senior at Purdue University studying Biomedical Engineering with minors in Computer Science and Chemistry. At 
Purdue University, she is an undergraduate researcher in Dr. Jianing Li’s lab in the Purdue University Borch Department of Medicinal 
Chemistry and Molecular Pharmacology focused on using simulations and modeling to characterize adenylyl cyclase 1 activation 
mechanisms and calmodulin protein behavior, which play key roles in cellular signaling and are associated with multiple disease states. 

Shreya is drawn to computation as a way of answering questions about molecular mechanisms that are difficult to understand by 
experiment alone. She has also worked on a computational project identifying alpha-synuclein aggregation inhibitors as therapeutic 
candidates for Parkinson’s disease. Beyond her academic research experiences, Shreya has worked as a Microbiology Intern in Thermo 
Fisher Scientific’s Clinical Research Group, where she learned about pharmaceutical pipelines in applied industry laboratory settings. 
Previously, as a Research Intern at BrainScanology, Inc., Shreya developed blood cell image analysis workflows in collaboration with 
researchers at the National Institutes of Health to improve diagnostic techniques for sickle cell disease.  As an undergraduate teaching 
assistant at Purdue, Shreya enjoys holding review sessions and working with students during office hours, hoping to pass on the same 
excitement for the intricacies between biology, chemistry, and physics that drew her to research. Outside of her academic and research 
work, Shreya enjoys playing violin, learning Indian Classical music, and composing South Asian fusion mixes. 

Following her undergraduate degree, Shreya plans to pursue a Ph.D. in computational biology and biophysics and subsequently a 
research career at the interface of computation, structural biology, and drug discovery, focused on using modeling, simulation, and 
machine learning to understand protein behaviors associated with disease. 
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Benjamin Kwait-Gonchar
Rice University
ETH Zurich

Amyloids as Catalysts for RNA Polymerization on Prebiotic Earth
A central mystery in origin-of-life research is how functional genetic information first originated on prebiotic Earth. While nucleotides, the 
building blocks of RNA, can spontaneously polymerize under early Earth conditions, this abiotic process typically yields short, random 
sequences. Additionally, these short polymers often lack the specific 3’,5’ phosphodiester linkage types essential to modern biology. 
This project investigates whether the presence of amyloids – stable, self-assembling peptide sheets that were likely present on prebiotic 
Earth – can enhance the polymerization of longer, specific RNA sequences. If so, amyloids might provide a prebiotic pathway for genetic 
information to first emerge. We evaluated the catalytic efficiency of several distinct amyloid-forming peptides under varying environmental 
conditions, such as pH, concentration, and different wet or dry states. Initial results using high-performance liquid chromatography have 
been extremely promising. We demonstrate that in the dry state and under prebiotically plausible concentrations and pH conditions, 
multiple amyloid-forming peptides significantly enhance RNA polymerization. Additionally, as a control, we show that the amyloid-
forming peptides are significantly more effective at polymerizing nucleotides than solutions containing dissolved individual amino acids, 
the building blocks of peptides. Future work over the coming months will utilize mass spectrometry and 31P nuclear magnetic resonance 
spectroscopy to investigate the specific sequences of the RNA segments polymerized and the prevalence of biologically relevant 3’,5’ 
linkages within those segments. Ultimately, this project aims to integrate amyloids and their catalytic properties into current paradigms 
in origin-of-life research.  

About Benjamin
Benjamin Kwait-Gonchar is an undergraduate student at Rice University pursuing a Bachelor of Science in Biophysics and Earth, 
Environmental, and Planetary Sciences. His academic interests focus on astrobiology, planetary science, the origins of life, and applying 
this science to real-world problems. 
 
Benjamin attended Brooklyn Technical High School and first experienced scientific research as a NASA SEES intern using satellite data 
to investigate the impacts of harmful algae blooms on mosquito populations. He and his research team shared their findings at the AGU 
Fall Meeting 2022. Before graduating, he and his research partner completed an astrobotany study investigating the impacts of partial 
gravity on plant growth. With their project, the pair ultimately won first place at the Terra NYC STEM Fair and presented at the Regeneron 
International Science and Engineering Fair. 
 
At Rice, Benjamin’s research includes modeling the collapse of the crustal plateaus on Venus to study the Venusian lithosphere and 
developing statistical frameworks to estimate the number of observations needed to verify the habitable zone theory of exoplanets. Most 
recently, he completed a research stay at ETH Zurich’s Center for the Origin and Prevalence of Life, funded by the ThinkSwiss Research 
Scholarship. During his time at ETH, Benjamin investigated the role of short amyloidogenic peptides in enhancing RNA polymerization, 
contributing to a novel amyloid-based theory of the origin of life on Earth. He plans to continue this work back in Houston throughout his 
senior year.  
 
In 2025, he was awarded the Loewenstern Fellowship with a placement in Nairobi, Kenya, at The Pangea Network, an NGO dedicated 
to empowering women and youth through education, business training, and microloans. In Nairobi, he developed a model to estimate 
the organization’s economic impact over the past 20 years. 
 
On campus, Benjamin enjoys working as a shift manager at Rice Bikes and mentoring new bike mechanics. He also works as a Senior 
ROPE Trip Leader with Rice’s outdoor adventure program, introducing members of the campus community to nature across the 
Southwest. He is proud to note that he has yet to lose a single participant. In addition, Benjamin is a goalie on Rice’s club water polo team 
and enjoys teaching metalworking to students and faculty as the founder of Rice’s new blacksmithing club.  
 
Looking ahead, Benjamin plans to pursue a PhD in biogeochemistry and astrobiology. He hopes to contribute to investigations of life’s 
origins and presence throughout the universe and aims to apply that work to improving life on Earth.  
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Brennan Lee
University of Chicago

On-Demand Electrochemical Hydrogen Generation for Targeted Ischemia-Reperfusion Therapy
Despite recent advancements in pharmacological and antioxidant therapies, ischemia-reperfusion injury (IRI) continues to affect tens 
of millions of people globally. IRI involves tissue damage triggered when oxygen supply returns to tissues through the blood (reperfusion) 
following a period of oxygen deprivation (ischemia). This damage is driven by sudden shifts in oxygen concentration, which provoke an 
inflammatory response in the mitochondria and generate highly reactive oxygen species (ROS), most notably hydroxide radical (OH•), 
peroxynitrate (HNO4•), and superoxide (O2 - •). At elevated concentrations, these radicals propagate, which disrupt cell membranes, 
damage DNA, and denature proteins. This cascade leads to cell death, manifesting in chronic wounds, myocardial infarction (post-stroke 
damage), frostbite, severe burns, and organ failure post-transplantation. For example, pressure wounds affect 2.5 million Americans 
annually and incur US healthcare costs exceeding $11 billion, illustrating the severity of IRI-related illnesses. Since the characterization 
of IRI in 1960, various drugs have been developed to mitigate this damage. Antioxidants such as superoxide dismutase (SOD), Vitamin 
C, and Vitamin E have been administered to break down harmful radicals into less toxic molecules like hydrogen peroxide and molecular 
oxygen. However, these antioxidants lack specificity which is problematic as certain ROS are essential at basal levels for cell signaling, 
proliferation, immune defense, and gene expression. 

Recently, molecular hydrogen (H2) has emerged as a promising therapeutic that selectively scavenges hydroxide radicals and 
peroxynitrates which are the most harmful forms of ROS. Despite these promising results, conventional delivery methods such as 
the consumption of hydrogen-rich water and the inhalation of H2 gas are not localized to the afflicted organ and suffer from significant 
gas leakage due to hydrogens’ small molecular size. Additionally, these administration routes are cumbersome and poorly suited 
for outpatient settings. This research investigates whether a portable, hydrogel-integrated electrochemical device can generate and 
sustainably deliver H2 gas to treat IRI, utilizing pressure ulcers and myocardial infarction as biological models. To achieve this, we embed 
an electrochemical H2generator within a thin hydrogel bandage, using the water within the gel as a hydrogen source. The hydrogel 
matrix traps the generated gas which facilitates direct diffusion of H2 into the target tissue. We characterize the biophysical properties 
of the hydrogel-gas system, quantifying its diffusion kinetics, gas storage capacity, and generation efficiency. The therapeutic efficacy is 
validated first in vitro by identifying the protective biochemical pathways in murine cardiomyocytes through immunofluorescence staining, 
and in vivo, by demonstrating reduced tissue injury and accelerated healing in rat heart and murine skin ulcer models. Ultimately, this 
work presents a novel device for gas-based drug delivery and unlocks the potential of H2 therapeutics for broader clinical applications, 
including organ preservation, frostbite, and stroke recovery. 

About Brennan
Brennan Lee is a rising fourth-year student at the University of Chicago (2027), double majoring in Chemistry and Molecular Engineering 
with a concentration in Chemical Engineering. He is deeply committed to therapeutics research and conducted significant work in 
Professor Bozhi Tian’s lab to develop bioelectronic treatments for inflammation damage. Brennan’s career ambitions center on bridging 
the gap between scientific discovery and commercial application, with the ultimate goal of becoming a biotechnology entrepreneur. 

His inspiration for research began during his freshman year when his grandfather suffered from chronic bedsore wounds. Disappointed 
by ineffective treatments, Brennan collaborated with Wen Li, a graduate student in Professor Tian’s lab to find a solution. They found that 
molecular hydrogen therapy effectively treats these wounds but existing delivery methods, such as gas inhalation, were imprecise and 
impractical for clinical use. Together, they developed a targeted patch capable of delivering sustained molecular hydrogen to localized 
tissue. This work culminated in a co-authored publication in Nature Chemical Engineering in 2025.  

During the summer of his first year, Brennan interned at the Advanced Biomedical Instrumentation Centre, a medical device startup 
located in Hong Kong. Inspired by his experience, he founded HPad, a startup company that aimed to commercialize the hydrogen 
patch, when he returned to Chicago. Brennan recruited top surgeons to his advisory board and secured seed funding through UChicago’s 
College New Venture Challenge. He also participated in Y Combinator’s AI Startup School, building a strong network of founders and 
executives. Although the startup eventually concluded, the experience proved invaluable, driving Brennan back to the lab to hone his 
technical expertise. Currently, he is experimenting with hydrogen gas infused organ preservation solutions to improve the viability of 
transplanted organs. 

Alongside his therapeutics work, Brennan has developed a strong passion for artificial intelligence and automation in pharmaceuticals. 
Inspired by a course with Professor Jie Xu, he became highly invested in autonomous, self-driving robotic laboratories that conduct R&D 
for new materials and drugs. He is currently interning at Johnson and Johnson as a Quality Engineer where he uses AI and digital tools 
to automate workflows and improve production processes. Following graduation, Brennan intends to pursue a Ph.D. in Computational 
Chemical Engineering, where he plans to utilize self-driving labs to optimize synthesis parameters for complex pharmaceuticals. 
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For his academic and research contributions, Brennan has been awarded the Astronaut Scholarship, the Stamps Scholarship, and 
the UChicago Quad Scholarship. He has also presented his findings at the National Conference for Undergraduate Research and 
the UChicago Undergraduate Research Symposium. Outside of the laboratory, Brennan also serves as a mechanical engineer for 
UChicago’s formula racing team, an entrepreneurship advisor, and a competitive badminton player. 

____________________________________________________________________________________________________________________________ 

Micaiah Lee 
University of Virginia
University of California, Berkeley

Activation of Immune Cells on Earth and in Microgravity Using Mechanically Defined Substrates
Immune cell therapies have revolutionized the treatment of many diseases, most notably blood cancer and lymphomas, where activated 
immune cells can attack cancer cells. These therapies involve extracting blood from patients, and then stimulating a specific cell sub-
type (cytotoxic T cells) before reinfusion. In the clinic, this activation step is performed in a liquid suspension. However, our immune 
cells exist in a mechanically defined environment, moving from a fluid system to a stiff tissue to be activated. In fact, during infection, 
lymph nodes remodel to change their stiffness, increasing Young’s Modulus 10-fold. In this project we have explored how altering the 
mechanical environment in which immune cells are activated changes their ability to kill target cells. We use mechanically defined 
hydrogel substrates using PEGDA system with distinct Young’s Moduli. Using these substrates we can activate human immune cells 
via CD3 and CD28 receptors, and expose human immune cells to microgravity environments. We show that T cells activated on stiff 
biomimetic substrates ~60kPa proliferate faster and have enhanced cytotoxicity towards target cancer cells. In contrast, cells activated in 
low stiffness environments below 5kPa are more selective; they are better able to distinguish between target and non-target cells, though 
proliferate less overall. Cells exposed to microgravity have reduced cytotoxicity. In this presentation I will show how exposure to different 
micromechanical environments can be used to tune T cell function, presenting data showing maturation markers (CD25, CD69, LAG3, 
CD45RA), proliferative kinetics, and antigen-specific cell killing or pulsed melanoma cancer cells lines. Designing microenvironments 
which can tune T cell function is important for the development of next generation immune therapies with reduced side effects.  

About Micaiah
Micaiah S.J. Lee is a biomedical engineering student, undergraduate researcher, peer teacher, and student leader at the University of 
Virginia. His work thus far centers on cancer immunotherapy, immunoengineering, and focused ultrasound. Driven by a commitment to 
translational scientific discovery, he seeks to integrate engineering, biology, and medicine to advance treatments that improve patient 
outcomes.  

Raised primarily in China, Micaiah became fascinated by both biology and engineering well before entering college. His family played 
a formative role in shaping both his scientific interests and his values, encouraging him to explore the natural world and instilling a 
commitment to serve others through his work. After relocating to Southwest Virginia for high school, his participation in research at 
Virginia Tech on interstitial fluid flow in glioblastoma illuminated the potential for his future work to address unmet clinical needs through 
scientific investigation. The loss of his grandmother to cancer, alongside witnessing several close friends confront the disease, gave him 
a personal understanding of its profound impact on patients and families, fueling his passion to help others through his work. 

Since the spring of 2024, Micaiah has conducted research in the Sheybani Laboratory at the University of Virginia, investigating the 
intersection of focused ultrasound, cancer immunotherapies, and drug delivery. His research has included studies of systemic immune 
response following thermally ablative focused ultrasound and CD40 agonism in breast cancer models, as well as multimodal evaluations 
of blood-brain and blood-tumor barrier opening in glioblastoma. In summer, 2026, Micaiah was selected as an Amgen Scholar at the 
University of California, Berkeley, where he joined the Delcassian Laboratory to investigate the role of mechanical signaling in T cell 
function. His research at Berkeley examines how material properties and forces influence T cell activation and expansion, contributing 
to ongoing efforts toward improving adoptive cell therapies. Collectively, his experiences and contributions to peer-reviewed research 
have reinforced his long-term aspirations to develop innovative, immune-based treatments for cancer and other complex diseases. 
Micaiah’s scientific accomplishments have been recognized through numerous distinctions, including multiple nominations for the 
Barry Goldwater Scholarship and research support through the UVA Dean’s Summer Undergraduate Research Fellowship.  

Beyond research, Micaiah is also deeply committed to mentorship and community engagement. While at UVA, he has served as a 
teaching assistant in both biomedical engineering and computer science courses, supported undergraduate professional development 
as the Vice President of the Biomedical Engineering Society at UVA, and recently founded a student chapter of the American Scientific 
Affiliation. As a Residential Scholar at the Center for Christian Study in Charlottesville, he enjoys exploring the relationships between 
faith, scholarship, and service.  
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Looking ahead, Micaiah intends to pursue a Ph.D. in biomedical engineering alongside his fiancée, Payton Gergen. He ultimately aims to 
lead efforts to develop and improve the next generation of immunotherapies. He hopes to combine scientific innovation with mentorship 
and leadership throughout his career, contributing not only to advances in human health but also to training of future engineers and 
development of collaborative, multi-institutional research efforts.  

____________________________________________________________________________________________________________________________ 

Aaron Lim
University of Oklahoma
Harvard Medical School

Mapping the Legal and Regulatory Pathways That Shape Prescription Drug Access and Affordability

Biomedical innovation is often evaluated by whether a new therapy can be discovered, developed, and approved. However, the 
public health impact of a medicine also depends on the legal, regulatory, and financial systems that determine when it reaches 
the market, how long it remains protected from competition, how it is priced, and whether patients can afford it. My research at the 
Program On Regulation, Therapeutics, And Law at Brigham and Women’s Hospital and Harvard Medical School examines these 
downstream systems through pharmaceutical law, regulation, and health policy. 
 
This work focuses on how the structure of the U.S. prescription drug system shapes access and affordability. One project examines 
manufacturer-sponsored direct-to-consumer drug access programs, which allow patients to obtain certain branded medications 
through manufacturer-affiliated platforms, cash-pay pathways, telehealth services, or mail-order pharmacies. This project involves 
identifying these programs, coding their structuralcharacteristics, and analyzing how they interact with insurance coverage, 
deductibles, formularies, and utilization management tools. 
 
A second project studies Paragraph III certifications in the generic drug approval process. Under the Hatch-Waxman framework, 
generic manufacturers must address patents listed for a reference drug before FDA approval. Paragraph III certifications indicate 
that a generic applicant seeks approval after the expiration of relevant patents. By reviewing FDA approval data, Orange Book 
patent and exclusivity records, and generic approval letters, this work investigates how patent timing and regulatory strategy shape 
generic market entry. This project highlights how competition is not determined only by scientific equivalence, but also by legal and 
regulatory sequencing. 
 
Additional work focuses on pharmaceutical patent strategy and policy communication. These projects examine how patent 
protections, exclusivities, insurer incentives, pharmacy benefit manager structures, and patient cost-sharing rules affect drug prices 
and access. Across these projects, the methods include legal and regulatory analysis, database review, manual coding of drug and 
program characteristics, synthesis of policy literature, and development of policy-oriented manuscripts and communications. 
 
Together, these projects ask a central question: after a medicine exists, what determines whether patients can actually access it? 
The answer often lies not in the laboratory, but in the interaction between FDA regulation, patent law, insurance design, market 
competition, and health policy.  By studying these systems, this research aims to clarify how pharmaceutical policy can better 
support both innovation and affordability. 

About Aaron
Aaron Lim is a 2026 Astronaut Scholar and Barry Goldwater Scholar, a rising senior at the University of Oklahoma majoring in Chemical 
Biosciences. His research background began in biomedical and translational science, including work on photodynamic therapy, 
where he studied how therapeutic technologies move from mechanistic concepts toward clinical application. This early exposure to 
translational research shaped his interest in not only how therapies are developed, but also how they eventually reach patients. 
 
Aaron is currently an undergraduate researcher at the Program On Regulation, Therapeutics, And Law (PORTAL) at Brigham and 
Women’s Hospital and Harvard Medical School. At PORTAL, his work focuses on pharmaceutical regulation, prescription drug 
affordability, patent strategy, and health policy. His current projects examine manufacturer direct-to-consumer drug access programs, 
Paragraph III certifications in the generic drug approval process, patent and exclusivity strategies, and policy proposals related to patient 
cost-sharing and drug affordability. 

His interest in pharmaceutical policy grew from a broader goal of eventually building a biotechnology venture. While bench science 
is essential for developing new therapies, Aaron became interested in understanding thelarger ecosystem that determines whether 
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an innovation can be protected, financed, regulated, approved, commercialized, and accessed by patients.  Through PORTAL, he is 
developing a stronger understanding of patents, FDA regulatory pathways, market exclusivity, insurance design, and the legal structures 
that shape the life cycle of medical products. 

Aaron also founded and leads DART Lab, a national research and policy initiative focused on drug pricing, access, and health system 
reform. DART Lab includes more than 40 students across over 15 universities and supportspolicy briefs, white papers, and research 
projects related to pharmaceutical affordability. In addition, Aaron leads Nucleate Dojo’s DojoGrants, a program designed to support 
undergraduate researchers pursuing life sciencesand biotechnology research through direct research funding and professional 
development. 

Across these experiences, Aaron’s work sits at the intersection of biomedical innovation, entrepreneurship, law, and health policy. His 
long-term goal is to combine medicine, research, and biotechnology entrepreneurship to develop therapies while also addressing the 
regulatory and structural barriers that determine whether patients can access them. 

____________________________________________________________________________________________________________________________ 

Victoria Little
North Carolina A&T State University
University of Virginia

Understanding the Direct Impact of Agonistic Immunotherapies on Glioblastoma Cells 
Glioblastoma (GBM) remains one of the most aggressive and treatment-resistant brain tumors, characterized by its highly invasive 
nature and limited effective therapies. The CT2A murine glioma model provides a translationally relevant platform for studying 
immunotherapeutic strategies, owing to its similarities to human GBM. This project aims to investigate how agonistic agents interact 
with GBM tumor cells and how this interaction could be leveraged to improve therapeutic outcomes.

Previous research has shown that the combination of therapeutic αCD40,  αPD1, and poly(I:C) significantly improves survival in mice 
in a T cell-dependent manner. We questioned whether tumor cells themselves might directly respond to these agonistic treatments, 
potentially rendering them more susceptible to T cell–mediated immune attack.

To test for direct tumor cell responses, CT2A ZsGreen-transduced GBM cells were cultured and treated with αCD40, poly(I:C), or 
both, or with control IgG2a. Flow cytometry analysis revealed that poly(I: C) alone increased MHC I expression, while MHC II levels 
remained unchanged across all conditions. Building on these results, we examined the concentration-dependent effects of poly(I: C) 
(100, 225, and 350 µg/mL) on the expression of MHC I, MHC II, PD-L1, and CD40. Our data indicated similar trends for MHC I and MHC 
II expression. There was a peak expression of PD-L1 at the highest dose, and a peak expression of CD40 at the mid dose. These effects 
were modest, with no more than 5% of live cells showing increased expression, and occurred only at supraphysiological poly(I: C) levels.

Since effective anti-tumor responses are often characterized by elevated production and secretion of interferon-gamma (IFN-γ), 
we also examined how overnight stimulation affected proteins such as PD-L1, CD40, MHC I, and MHC II. No clear differences were 
observed between untreated and stimulated samples, though further testing with varied concentrations may be required.

These findings support the conclusion that the treatments primarily influence the immune system rather than act directly on cancer cells, 
thereby helping clarify the mechanisms underlying the improved survival outcomes. 

About Victoria
Victoria Little is an accomplished undergraduate scholar at North Carolina A&T State University, where she is pursuing a dual degree in 
Biology (B.S.) and Psychology (B.A.). As a member of the university’s Honors College and the prestigious Cheatham-White Scholars 
Program, she has distinguished herself through academic excellence, research engagement, and community leadership. Her scholarly 
achievements include multiple semesters on the Chancellor’s List, participation in the Black in Cancer Mentorship Program, and 
advanced coursework in immunology, molecular biology, genetics, and scientific research.  
 
Victoria has developed a strong foundation in biomedical research through competitive internships and laboratory positions across 
the country. This summer she is conducting research at the University of Colorado Boulder, investigating how VTA dopamine neuron 
subtypes impact fear learning in mice. She currently serves as an Undergraduate Research Assistant in the NeuroMDLab, where 
she further supports neuroscience research through experimental procedures, animal care, data collection, and laboratory record 
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maintenance. Previously, she conducted cancer immunology research as an SRIP/TLA Intern at the University of Virginia School 
of Medicine, investigating agonistic immunotherapies and murine glioblastoma models. She also participated in the BRIDGE-UP 
Research Internship at the University of Utah, where she studied engineered CD4+ T-cell therapies in melanoma models and presented 
her findings through professional research presentations.  
 
With expertise in cell culture, flow cytometry, animal husbandry, experimental design, scientific writing, and data analysis, Victoria 
is passionate about applying innovative research approaches to address complex challenges in cancer biology, immunology, and 
neuroscience. She has presented research at professional conferences, including ABRCMS, and is committed to translating scientific 
discoveries into meaningful health advancements.  
 
Beyond the laboratory, Victoria is dedicated to mentorship, service, and leadership. She has served as a private STEM tutor, helping 
students strengthen their academic skills and confidence, and she has contributed to numerous community initiatives through 
organizations such as Second Harvest Food Bank, Ronald McDonald House, and environmental cleanup programs. She is also an 
active member of Zeta Phi Beta Sorority, Incorporated and Beta Beta Beta National Biological Honor Society.  
 
Driven by curiosity, collaboration, and a commitment to scientific discovery, Victoria aspires to continue advancing biomedical research 
while mentoring future generations of scientists and contributing to solutions that improve human health. 

____________________________________________________________________________________________________________________________ 

Avery Love
North Carolina A&T State University
California Institute of Technology

Determining the Mechanism of Action of Retro Compounds in the Fungal GET Pathway 
Aspergillus Fumigatus is a deadly infectious fungus that has evolved resistance to existing azole antifungal drugs, creating a 
clinical need for new antifungal compounds. Retro compounds, a class of molecules that inhibit retrograde transport, have been 
shown to enhance the fungicidal activity of azole derivatives, making them promising candidates for combating antimicrobial 
resistance in infectious fungi. In humans, Retro compounds have been found to target the protein Get3, disrupting the Guided 
Entry of Tail-anchored proteins (GET) pathway, which transports tail-anchored membrane proteins from the ribosome to the 
endoplasmic reticulum. Previous experiments have also demonstrated that Retro compounds can bind to A. fumigatus Get3, 
however, it remains unclear whether Retro compounds act on the fungal GET pathway through the same mechanisms as in the 
human GET pathway. Thus, we intend to biophysically and structurally characterize the mechanisms of Retro compounds in 
A. fumigatus. Wewill use microscale thermophoresis (MST) and isothermal titration calorimetry (ITC) to assess the molecular 
effect of Retro compounds on Get3. Additionally, we seek to determine the binding pocket of Retro compounds in Get3 by Cryo-
EM. Determining the mechanism by which Retro compounds target the GET pathway would further the development of novel 
antifungal compounds against A. fumigatus and other infectious fungi to combat the antimicrobial resistance crisis. 

About Avery
Avery Love is a rising senior and Cheatham-White Scholar at North Carolina Agricultural and Technical State University (NC 
A&T), majoring in Chemistry with a minor in Biology. He was introduced to research in the summer before his senior year of high 
school through the North Carolina School of Science and Mathematics Summer Mentorship program, studying small-molecule 
and RNA interactions to develop new medicines for Alzheimer’s and breast cancer in the Hargrove lab at Duke University.  
 
Avery has since participated in several research experiences studying enzyme kinetics for carbon capture applications at NC 
A&T, evolutionary biochemistry of comb jellies at Yale University, bacterial genomics of the ulcer-causing bacterium H. pylori at 
the University of California, Santa Cruz, and protein biophysics of infectious fungi at the California Institute of Technology. During 
the academic year, Avery works in the Forshaw Lab at NC A&T, optimizing methods for measuring metabolic flux in organoid 
cells with mass spectrometry as a Dow SURE Scholar.  
 
Outside the lab, Avery is an active member of the honors college at NC A&T, as well as the Chemistry Honor Society, the Aggie 
Chemical Society, National Organization for the Professional Advancement of Black Chemists and Chemical Engineers 
(NOBCChE), Aggies United for Reproductive Justice, and the Richard B. Harrison Players (theatre club). In his free time, he 
enjoys painting, swimming, experimenting in the kitchen, and reading new books. 
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In the future, Avery aspires to earn his PhD in biochemistry and molecular biophysics studying the biochemical, biophysical, 
and structural mechanisms underlying pathogenic infection. His ultimate career goal is to become an infectious disease 
researcher, developing novel antibiotics for diseases that disproportionately affect disadvantaged communities and combat the 
antimicrobial resistance crisis.  

____________________________________________________________________________________________________________________________ 

Siena Madsen
Miami University

Biosynthesis of Bretisilocin in E. coli
Research in psychedelics as new-age mental health treatments is only growing. Many tryptamine psychedelics, such as N,N-
dimethyltryptamine (DMT) and psilocybin, interact with serotonergic systems, impacting a range of biological functions ranging from 
eliciting hallucinations through 5-HT2A receptor agonism to promoting neuroplasticity via an unknown mechanism. The increased 
neuroplasticity effect can lead to improved treatment outcomes for a range of mental disorders when paired with proper therapy. As 
interest in psychedelics grows, so does the desire to study novel compounds such as bretisilocin (5-fluoro-N-methyl-N-ethyltryptamine). 
Bretisilocin is a nonnatural psychedelic compound that is currently produced through traditional chemical synthesis and has progressed 
to a Phase 2a clinical trial with AbbVie Pharmaceuticals for the treatment of major depressive disorder. The research presented here 
provides an alternative method to produce bretisilocin via biosynthesis, which has the potential to reduce both cost and the environmental 
impact of drug synthesis.  

Biosynthesis is the use of enzymes to produce a final molecule, often leveraging energy conversion and cofactor regeneration systems of 
a host organism. I hypothesized that our lab’s DMT biosynthetic pathway could be manipulated to add larger alkyl groups to the terminal 
amine, instead of the natural methyl (C1) groups present in DMT. This approach requires two enzymes to be promiscuous, or have the 
ability to act on nonnative substrates. These enzymes are the methyltransferase (MT) and the methionine adenosyltransferase (MAT). 
The MAT is the enzyme that transfers the methyl group from methionine to the activated methyl donor, SAM (S-adenosylmethionine). 
This methyl group is then transferred to the target molecule using the MT. SAM is naturally generated in Escherichia coli (E. coli)cells 
during the activated methyl cycle.  

To produce bretisilocin, I supplemented the media with the nonnatural amino acid ethionine instead of methionine. Through promiscuous 
action of the MAT on ethionine, the activated ethyl donor SAE (S-adenosylethionine) will be formed to allow for the N-methyl-N-ethyl 
functionality. To get the 5-position fluorine, 5-fluoroindole was added to the media as the starting substrate for biosynthesis. All of this 
was completed using a recently published and high-performing DMT production strain, which contains an optimized DMT pathway 
integrated onto the genome. To increase SAM and SAE availability in vivo, two MAT variants (EcMetK and MjMAT) were overexpressed 
and genetically optimized using a seven-member promoter library. This overexpression resulted in a multifold increase in ethylated 
product titers, suggesting SAE availability was initially limiting production.  

From these libraries, I was able to select four top strains for further optimization by varying the 5-fluoroindole supplement level, balancing 
substrate toxicity with its need for pathway function. I was able to determine the optimal concentration of 5-fluoroindole for each MAT 
variant, which is in the range of 100-150 mg/L.  

Overall, this is the first time that bretisilocin has been produced using biosynthesis. It also demonstrates the promiscuity of both the MT 
and two different MATs. One of my future goals with this project is to expand the pathway to use enzymes to generate SAM analogs 
without an amino acid precursor. This will greatly expand the number of alkyl groups that I can potentially transfer and decrease 
constraints around commercial substrate availability.

About Siena
Siena Madsen is a rising senior from Columbus, Ohio, attending Miami University. She is majoring in chemical engineering with a minor 
in environmental engineering and a co-major in energy with the Institute for the Environment and Sustainability. Siena’s first experience 
with research at Miami was a biochemical engineering project focused on plastic-degrading enzymes known as pETases. This was the 
project that really allowed her to fall in love with research. Siena spent a year working with one pETase, trying to characterize its enzyme 
activity and see if she could get it to successfully degrade a slice of PET plastic. Unfortunately, this project came to a close. Siena knew 
she wanted to continue doing research that blended aspects of engineering with chemistry, and she was lucky enough to join Jones’ lab. 
Jones’ lab is focused on the biosynthesis of psychedelic compounds. Starting over the summer before her junior year, she was able to 
work on the scale-up of several production pathways, learning to operate 2L bioreactors to get record-breaking results. This only grew her 
passion for research more and allowed her to get up to speed extremely quickly. Once the school year started, Siena took ownership of 
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her own project, working to create analogs of classic tryptamine psychedelics by changing the alkyl group added to the end. This project 
was able to teach Siena the value of making mistakes and learning from them and how the most important part of research is picking 
yourself back up again when things go wrong. All that she has learned in Jones’ lab as a result of this project has led to Siena deciding 
to go to graduate school after she graduates from Miami next spring. Another research-based experience that Siena had at Miami was 
her trip to Zambia in June of 2025. She participated in a project on the water quality in wells and boreholes of a peri-urban community of 
Lusaka known as Garden. By going on this trip, she got to experience doing research in the field and got to meet people who her work was 
directly affecting. She also got the cultural connection of working directly with the students at the University of Zambia whose project she 
was helping with. Walking around Garden was when Siena really knew what she wanted to spend the rest of her life focusing on, helping 
people. In the future, Siena wants to take what she has learned at Miami and apply it towards biofuels or pollution control. She dreams 
of using biochemical engineering to work towards environmental justice. Over the last year, Siena has been lucky enough to be credited 
on one published paper and one book chapter and is working towards publishing another paper this summer. She is so thankful to all the 
people who have supported her on this journey.  

____________________________________________________________________________________________________________________________ 

Maxwell Mamishev
University of Illinois Urbana-Champaign

Detection and Distrimination of Plasma Sources in Outdoor Environments 
Recent progress in the development of miniaturized high-voltage electronics for cold atmospheric plasma (CAP) sources resulted in 
broader use of dielectric barrier discharge (DBD) actuators and coronal plasma stabilization. These devices can be flown on drones 
and prototype aircraft. The low-frequency (LF) (100 Hz to 50 kHz) broadband emissions lie in the same portion of the electromagnetic 
spectrum as geomagnetic activity, the power grid transients, and the atmospheric signals induced by lightning. 

A recent resurgence of interest in Unidentified Anomalous Phenomena (UAP) has resulted in reports of CAP optical emissions 
temporally consistent with LF magnetic anomalies in the same band. In order to make progress in electromagnetics, electromagnetic 
interference (EMI), aerospace situational awareness, and Unidentified Anomalous Phenomena/UAP investigations, it is critical to have 
measurements that are reliable and reproducible. 

This effort presents a compact magnetic-loop receiver, the main element in measuring in this frequency band. Devices of this type are 
widely deployed in uncalibrated mode, with all results usually reported in arbitrary units. Nominal variations of several factors such as 
receiver geometry, gain, and frequency response can result in nominally identical receivers differing by up to an order of magnitude. 
Without a traceable reference field, calibration of these instruments at the time of measurement and across an array of nodes is 
impossible, and it is then impossible to differentiate between instrument error and actual source physics, a necessary requisite for the 
use of distributed receiver networks for distance ranging, trajectory estimation, and cross-node correlation. 

The presentation describes a traceable calibration method for magnetic loop receivers, and a portable receiver for use with it, 
enabling absolute measurements in the 100 Hz to 50 kHz band of interest. The calibration method constructs a calibrated magnetic 
field from measurements of the physical geometry and current of a multi-turn transmitter, which is then used to calculate the end-
to-end frequency response of the receiver. A transfer function spanning the loop antenna, surge suppression, transimpedance 
amplification, anti-alias filter, and 16-bit ADC was modeled with a cubic function fit to third-octave points between 100 Hz and 50 
kHz, with the resulting root-mean-squared error of 0.935 dB and a coefficient of determination of 0.996 over the range of interest, 
for an estimated uncertainty of approximately 1 dB. Repeated calibration of all sensors in an array ensures that measurements are 
conducted on a common absolute scale. 

The instrument itself couples the electrostatic shielded passive loop antenna to a high-sensitivity analog front-end and 100 ks/s 
digitization, delivering 98.1 dB of dynamic range and measuring in an easily deployable package away from the laboratory. The receiver 
was tested outdoors with the DBD actuator, a proxy for plasma equipment on aircraft, at 1.7 kV and 6.4 W drive power at 1 to 10 m 
source to receiver distances. To the best of the author’s knowledge, these are the first traceably calibrated outdoor measurements of 
CAP emissions. Energy was found to be concentrated between 30 kHz and 50 kHz in the spectrum, with a peak amplitude at 38.3 kHz. 
We did see some short-duration periodic bursts with clear band structures in the spectrograms. The absolute amplitude decreased from 
1.1 nT at 1 m to 0.0067 nT at 5 m. Beyond this range, the signal was at the level of the background noise. 

The presented techniques combined provide both laboratory calibration and field measurements in a traceable framework, enabling use 
of distributed receiver arrays with nodes that are comparable in terms of physical units. Future work involves development of resonant and 
gradiometric receivers for increased range, multiple receivers with synchronized timing for source localization, and incorporation of data 
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from other measurement modalities such as optical and radio-frequency spectrum. These methods can be applied to investigations and 
testing of electromagnetic emissions for plasma-enabled aircraft, plasma spectral identification, and investigations and measurement 
of anomalous aerospace events. 

About Maxwell
Maxwell Mamishev is a second-year electrical engineering student at the University of Illinois Urbana-Champaign and the only U.S. 
sophomore in 2026 to win both the Barry Goldwater Scholarship and the Astronaut Scholarship, the two most prestigious undergraduate 
awards in American science and engineering. He’s a James Scholar with a 3.95 GPA in a top-five ECE program, and he’s won more 
than thirty national and international scholarships and competition awards, including the U.S. Navy Naval Horizons essay contest and a 
Computing Research Association undergraduate research award. 

Nuclear and radiological instrumentation, radio-frequency and antenna-based sensing, and artificial intelligence-aided detection are 
areas where his research has been focused. 

A Nuclear Science and Security Consortium researcher at UIUC and 2026 Keepin Fellow at Los Alamos National Laboratory, he is 
developing RAD-AI, a handheld radiation safety device combining real-time dosimetry and an embedded language model, which he is 
the first-named inventor on in its 2026 provisional patent. He is a co-founder and Chief Innovation Officer of Extentek LLC and holds two 
U.S. issued patents and two provisional patent filings to his credit, as well as assisting in the deployment of multiple assistive technologies, 
including a social-distancing device that has been successfully licensed to market and sold at volume. He is a co-author of nine peer-
reviewed papers currently published or under review, vice president of the UIUC IEEE student branch, and the only undergraduate 
selected to present at the 2026 IEEE Industry and Community Outreach Summit. 

He previously performed field-measurement work with Dr. Sep Makhsous assisting with the installation and operation of outdoor VLF 
antenna-array systems which are used for detecting ionospheric perturbations associated with meteors, rockets, and thunderstorms. 

That research also produced LOOPCAL, as well as CAPTOR (Cold Atmospheric Plasma Trace Observation Receiver), a traceable 
calibration method for low-frequency electromagnetic sensing which he co-published as first-author at the IEEE International 
Instrumentation and Measurement Technology Conference (I2MTC 2026), in Nancy, France. 

He also completed a National Science Foundation Research Experience for Undergraduates appointment at UC Berkeley’s SETI 
Research Center under Dr. Steve Croft, where he designed ultra-wideband radio-frequency power dividers for interferometer and 
antenna-array applications, and spent a year in UIUC’s Center for Electric Machinery and Electromechanics developing a power-
electronics teaching kit now used in the university’s ECE 469 course. He co-founded Project CommUnity, which studies ionospheric 
disturbances to improve amateur-radio communication reliability during natural disasters, organized the UIUC ARISE radio-science 
education workshop, and is a founding member of the UIUC student chapter of the IEEE Nuclear and Plasma Sciences Society. He 
is also a member of Tau Beta Pi and IEEE-Eta Kappa Nu. He will spend the fall 2026 semester at Nagoya University in Japan through 
UIUC’s engineering study abroad program. 

____________________________________________________________________________________________________________________________ 

Joshua Mathew
University of Maryland

Molecular Determinants of Per- and Polyfluoroalkyl Substances Binding to Estrogen Receptors

Per- and polyfluoroalkyl substances (PFAS) are synthetic organofluorine chemicals known for their extreme environmental persistence. 
Because they resist natural breakdown, PFAS accumulate in the environment and in the human body over time. Exposure to these 
chemicals has been linked to cancer, organ dysfunction, and a range of other health problems. One proposed mechanism behind these 
effects is PFAS interference with hormone signaling through nuclear receptors, particularly estrogen receptors (ERs). ERs are key 
regulators of reproductive health, immune function, and other key physiological processes.  
  
To better understand this interaction, this study applied two complementary computational approaches - quantitative structure-property 
relationship (QSPR) and quantitative structure-activity relationship (QSAR) modeling - to characterize how PFAS bind to estrogen 
receptor alpha (ERα) and estrogen receptor beta (ERβ). A large-scale molecular docking screening was first performed across 14,591 
PFAS compounds. This generated docking scores used as a proxy for receptor binding affinity.  
  



45 ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

From this docking data, two chemical datasets were built for QSPR modeling: one containing the strongest binding PFAS for each 
receptor (the top binders, or TB dataset), and a second containing PFAS commonly found in real world human exposure (the commonly 
exposed, or CE dataset). These QSPR models identified which molecular descriptors most strongly predict binding affinity. Several 
consistent trends were found. Compounds with higher density and greater electrophilicity tended to bind more strongly to both receptors, 
while compounds with higher surface tension tended to bind more weakly. Electrostatic descriptors, such as HOMO energy and the 
maximum positive Fukui index, were included in the models but did not show consistent directional effects. Notably, correlations in the 
CE models often ran opposite to those in the TB models, suggesting that commonly exposed PFAS may interact with estrogen receptors 
through different chemical mechanisms.   
  
Building on these findings, 66 QSAR models were developed using a combination of top binder docking data and experimentally 
measured binding affinities from the literature. These models performed well, achieving an average R2 of 0.95 on training data and 
0.78 on test data. The results show that the selected descriptors can reliably predict binding affinity for compounds outside the original 
training set.  
  
To extend these findings to a broader chemical space, additional large scale QSAR models were built using thousands of docked PFAS 
compounds for each receptor. After removing statistical outliers across two refinement rounds, these expanded models reached R2 
values between 0.68 and 0.71. This shows that the models can screen structurally diverse PFAS even without experimental data.  
  
Together, the QSPR and QSAR analyses in this study identify the specific chemical properties - including density, surface tension, 
hydrophobicity, and molecular flexibility - that most strongly govern PFAS binding to estrogen receptors. These findings offer a scalable 
computational framework for predicting the endocrine disrupting potential of PFAS and related chemicals. This study supports future 
work in toxicological screening and regulatory risk assessment.  

About Joshua
Joshua Mathew is a rising senior at the University of Maryland, College Park, studying Neurobiology and Physiology. His research 
interests center on computational biology, translational biomedical research, and structural biology. Joshua plans to pursue an MD/PhD 
toward a career as a clinician-investigator focused on cancer drug discovery. 
 
Since June 2024, Joshua has conducted research in Dr. Sivanesan Dakshanamurthy’s lab at the Georgetown Lombardi Comprehensive 
Cancer Center, where he has studied how persistent endocrine disrupting chemicals affect human nuclear receptor activity. This work 
has resulted in two peer-reviewed publications. Around the same time, he joined Dr. Steven Fletcher’s lab at the University of Maryland 
School of Pharmacy, where he designed and synthesized novel HDAC8 inhibitors using medicinal chemistry techniques. Since January 
2024, Joshua has also worked with Dr. Li-Qun Zhang at the University of Maryland School of Medicine, studying proprioceptive deficits 
in stroke survivors through a robotic rehabilitation device. This research has been recognized with a 2026 Barry Goldwater Scholarship. 
 
Outside of lab, Joshua enjoys playing the violin, lifting, running, and reading. 

____________________________________________________________________________________________________________________________ 

Jessica May
Virginia Polytechnic Institute and State University
Hume Center for National Security and Technology

Automated Tools for Bayesian Integrated Testing 
Innovative and effective Test & Evaluation (T&E) methods are critical for the United States to maintain an advantage over political 
adversaries. The role of T&E in the context of Department of Defense (DoD) systems is highlighted by the unprecedented and 
accelerating pace of innovation in various technologies, from Artificial Intelligence to quantum computing. As such, the development 
of technology has brought about the development of T&E. T&E started out as being separate from systems engineering and 
manufacturing engineering but is now becoming an integrated process that focuses on continuous testing with three key features: 
outcome-driven testing, an adaptable evaluation framework, and improved test design, all aimed at delivering capabilities quickly 
and effectively. These initiatives are highlighted by the Director, Operational Test and Evaluation (DOT&E), having focused on 
testing how we fight, speeding up the delivery of effective weapons, enhancing the DoD’s survivability in contested environments, 
pioneering testing for adaptive weapon systems, and building an agile, enduring T&E workforce. The WRT-2404 research project at 
the Virginia Tech National Security Institute aims to research ways to assist the DoD in this mission by developing new T&E methods 
and processes for emerging technologies. 
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As such, this project developed an automated R Shiny tool that applies Beta–Binomial Bayesian analysis to binary test data, 
enabling Department of Defense T&E practitioners to assess reliability and acceptance criteria with quantified confidence, but 
without requiring programming or advanced statistical expertise. Bayesian analysis is a statistical framework that allows researchers 
to update beliefs about a quantity of interest based on gathered data using Bayes’ Theorem. Unlike traditional frequentist statistics, 
Bayesian methods incorporate prior information (historical data, expert knowledge, etc.) into data analysis, which leads to a more 
flexible, integrated approach to test data analysis, as practitioners can decide what data to leverage and how to leverage it. That 
being said, implementing Bayesian analysis is challenging, as it requires specialized skills. However, the development of automated 
analysis tools can address these barriers and make modern Bayesian techniques more available to a wider, less technical audience. 
Doing so helps increase the availability of Bayesian methods and has the potential to make decision-making more effective within 
the T&E community. To facilitate this, our team developed a web application with the Shiny package in R that enables users to 
analyze data from binary tests. This application enables users to upload binary test data, specify prior distributions, and interactively 
adjust analysis parameters through a code-free interface. In this way, values of interest such as posterior distributions, lower credible 
bounds, and reliability visualizations are automatically generated, helping to illustrate how additional testing and observed failures 
influence confidence in system performance. 

About Jessica
Jessica May is a senior at Virginia Tech pursuing a Bachelor of Science in Computer Science with a minor in Mathematics as a 
Stamps Scholar. There, she pursues her interests in high-performance computing, statistical computing, and software engineering. 
Despite her current interests in the field, her path to computer science was not straightforward. She began college intending to major 
in biomedical engineering, since a rough introduction to programming in high school had convinced her it simply wasn’t for her. It was 
only after enrolling in her first college CS courses, free from earlier pressures, that she discovered a genuine curiosity for algorithms 
and systems. That curiosity has since grown into a focus on understanding why systems behave the way they do, how they perform 
under constraints, and how mathematical models can guide better engineering decisions. Along the way, her mindset has been 
shaped as much by these challenges as by the people who helped her push through them: family, mentors, and friends whose 
support she continues to carry into her research and experiences today. 

At Virginia Tech, Jessica’s research spans statistical modeling, computer systems, and data-intensive software. As a research intern 
with the Virginia Tech National Security Institute, she built a browser-based R Shiny application that automates Bayesian reliability 
analysis for Department of Defense Test & Evaluation, implementing Beta-Binomial inference to compute posterior distributions 
and generate visualizations that make sophisticated statistical methods more accessible to engineers evaluating emerging defense 
technologies. She also conducts research in computer systems, investigating performance-energy trade-offs in GPU workloads 
for machine learning: how power capping and resource throttling influence throughput, efficiency, and model performance, with an 
eye toward how large-scale systems can be designed to maximize efficiency without sacrificing performance. Across both projects, 
she’s drawn to the intersection of systems, mathematics, and machine learning, where theoretical ideas directly shape practical 
software and hardware design.  

Beyond research, Jessica has completed software engineering internships at J.P. Morgan Chase, Datadog, and Bloomberg. Across 
these roles, she has built distributed data pipelines, cloud infrastructure, AI-powered developer tools, and full-stack applications 
supporting large-scale production systems. These experiences have strengthened her interest in designing reliable, scalable 
software that bridges research concepts with real-world engineering challenges.  

Outside of academia and work, Jessica remains an active member of the Virginia Tech community through organizations like 
HackViolet and the Student Engineers’ Council. Here, she has found ways to give back by planning events that support and 
encourage other students, from workshops that make technical skills more approachable to newcomers, to community events that 
help students, in particular women, see themselves as part of the engineering field.  

Following graduation, she plans to pursue a career in software engineering alongside a master’s degree in computer science 
specializing in systems, developing the mathematical frameworks and algorithms that shape how large-scale, high-performance 
systems are designed and deployed. Through both research and industry, she hopes to mentor future students who, like her younger 
self, may question whether they belong in computer science. 
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Caden McCollum
Miami University

Robustness and Sensitivity of Photon Blockade to Two-Atom Coupling in a Tavis-Cummings System 
The Jaynes-Cummings model of light-matter interaction has been shown to support both conventional photon blockade (CPB) and 
unconventional photon blockade (UCPB), in which absorption of a photon forbids the absorption of additional photons until system 
relaxation occurs – making it a promising candidate for single-photon production in linear optics quantum computers. In past work, we 
have shown that simulations with a multi-mode cavity cause the set of optimal parameters for single-photon production to deviate from 
their known single-mode form. Seeking to quantify this deviation, we develop an analogous model of single-photon production using 
the two-atom Tavis-Cummings model under two-photon dissipation. Simulations are performed in Python using a numerical master 
equation solver, followed by hyperbolic regression analysis on the system response, for independently-varying atomic coupling strengths. 
We find that CPB persists only when the sum of the phases of the two atoms is at an antinode with respect to the optical cavity mode. This 
is consistent with the CPB optimal condition varying as a function of the known collective interaction strength, providing experimentalists 
with a framework to predict the response of CPB to perturbation. UCPB, on the other hand, persists when both of the atoms are at a cavity 
antinode and exhibits higher maximum purity, suggesting that the UCPB optimal condition is dependent on a distinct, unknown quantity 
which is less sensitive to atom count. It thus appears to be that CPB and UCPB rely on fundamentally distinct characteristic interaction 
strengths which are equivalent in the Jaynes-Cummings model but diverge with increasing system complexity. As a consequence, the 
purity of photons produced under CPB declines more rapidly than UCPB as additional atoms are coupled to the system, suggesting that 
the latter is significantly more robust for the production of single photons in the lab setting. 

About Caden
Caden first began to study physics in late high school, quickly falling in love with its countless applications and its endless questions. Since 
entering college, he has largely studied at the intersection of atomic, molecular, and optical (AMO) physics and quantum information 
science. He specializes in bridging the gap between theoretical knowledge and computational methods, having developed numerical 
simulation tools for the modeling of diatomic molecules, the optimization of experimental laser science procedures, and the derivation 
of quantum mechanical systems. His driving research motivation is to hone our ability to “predict the future” through modeling physical 
systems using emerging quantum-information and machine-learning technologies. 

Having been involved with undergraduate research since 2023, Caden’s work has consisted of computational modeling spanning 
a variety of fields. He has completed two university-funded research internships in modeling quantum systems, one summer of 
work in laser cooling and atom trapping through the Army Education Outreach Program, an additional summer at the United States 
Naval Research Laboratory’s quantum optics division developing software for the simulation of optical lattice dynamics, and an 
NSF REU in computational modeling of Earth’s atmosphere with applications in severe weather prediction. With this versatile range 
of transferable experiences, he intends to pursue a doctorate in physics with a specialization in quantum algorithm design and 
complex systems modeling. 

Caden was named as a Goldwater scholar in 2025 and was selected for his university’s prestigious Provost Student Academic 
Achievement Award. Yet, driven by curiosity and not by accolades, Caden is constantly pushed forward by the very prospect of 
learning about our Universe through the study of physics in all the years to come – and of using scientific knowledge to better lives 
around the world.

____________________________________________________________________________________________________________________________ 

Mason McCormack
University of Chicago

Catching Dust from the Edge of Space: Particle Acquisition from Stratospheric Conditions for Analysis in Laboratory 
(PASCAL)
A long-standing goal of the atmospheric science community is to understand the origin and chemical composition of particles in the 
middle stratosphere. Yet, they have eluded detailed in-situ characterization and few missions have successfully retrieved samples. As 
a result, they remain a significant uncertainty in atmospheric models, where they are crucial in stratospheric structure and mixing. This 
is due to several factors: few balloon-borne missions reaching the required altitude (>30 km), the inability of research aircraft to reach 
the middle stratosphere, the challenges of operating at pressures as low as 5 mb, and a very low concentration of particles (Testa Jr. et 
al. 1990).  
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We present a modular payload to prototype techniques for collecting 50 nm - 5 µm diameter, mid-stratospheric particles from the HASP 
balloon platform for a sample return and subsequent laboratory analysis. We aim to build and test a lightweight payload consisting of a 
Portable Optical Particle Sensor (POPS), various sensors, vacuum pumps and commercial cascade impactors, which will carry carbon 
tape substrates in each impactor stage. Our goal is to validate size-graded sample collection and compare alternate laboratory analysis 
techniques (Scanning Electron Microscopy and Energy-Dispersive X-ray Spectroscopy) to obtain high-quality scientific data and provide 
reliable engineering designs for future instrument development. A successful flight and post-flight analysis will: (1) demonstrate the 
effective use of mini-MOUDI impactors and lightweight pumps at both higher altitudes and lower pressures than previously attempted; 
(2) characterize the size distribution, morphology, elemental and molecular composition of mid-stratospheric particles collected during 
the HASP flight.  
 
High-altitude balloons offer the opportunity to study the unique, stable environment of the mid-stratosphere. While particle sampling 
in the lower stratosphere is dominated by the sulfate aerosols of the Junge layer, the region above 30 km contains a population 
of particles that is usually inaccessible, containing nano- to micrometer- dust of extraterrestrial origins (meteoritic CaO dust and 
carbon spherules), metallics from spacecraft debris, and rocket exhaust (Testa Jr. et al. 1990), (Lasue et al. 2024). The region also 
sees some in-situ secondary aerosol formation from gas-phase species, and may contain smoke or soot particles from extreme 
wildfires or sulfates from volcanoes. 
 
PASCAL will demonstrate a reduced-cost, low-size, weight, and power payload design available for particle collection available for 
atmospheric science groups. This payload will be designed, assembled, and calibrated entirely by undergraduate students at the 
University of Chicago, primarily using commercial off-the-shelf (COTS) components modified for stratospheric use. While our mission 
will only sample at 37km, PASCAL’s design can be further applied for future particle characterization missions at and below 37km, 
therefore contributing to atmospheric characterization well beyond our specific mission. 
 
About Mason
Mason McCormack is a rising senior astrophysics student at the University of Chicago interested in the intersection of planetary science, 
space exploration, and space instrumentation. His research primarily focuses on planetary atmospheres. For the last few years Mason 
has conducted research in observational astronomy to discover and characterize exoplanets, computational modeling to simulate 
physics and chemistry on exoplanet atmospheres, and theoretical astrophysics to investigate formation pathways of giant planets. 
Last summer, Mason was at NASA’s Jet Propulsion Laboratory modeling Jupiter’s polar atmosphere and researching variability in 
temperature, morphology, and composition. This summer, Mason returned to the Jet Propulsion Laboratory where he is working on 
Radio Frequency hardware and signal processing for R&D synthetic aperture radar missions to build next generation radar remote 
sensing instruments for satellite constellations. 
 
In addition to planetary science, Mason is interested in Space Systems design and instrumentation. For the last 3 years, Mason has 
been an engineering lead for a CubeSat, PULSE-A, which is aiming to demonstrate a novel laser communications modulation scheme. 
PULSE-A is part of NASA’s CubeSat Launch Initiative and is planning to launch in late 2027. Mason is also the principal investigator for 
a NASA high-altitude balloon borne particle sample return mission, PASCAL, launching this summer out of NASA’s Columbia Scientific 
Balloon Facility. PASCAL is funded by UChicago’s Climate Systems Engineering initiative and is a part of NASA’s High Altitude Student 
Platform program. 
 
Mason is the president of the UChicago Space Program, a student-led organization with over 200 members that designs, builds, and flies 
real space and near-space hardware, giving undergraduates hands-on experience across the full mission lifecycle. Through divisions 
spanning CubeSats, instrumentation, and rocketry, UCSP bridges science with engineering execution. 
 
Mason plans to apply to PhD programs this fall, focusing on working in planetary science and space missions. Outside of research, 
Mason likes playing volleyball, hiking, gardens, and visiting museums. 

____________________________________________________________________________________________________________________________ 

Cole Miller
University of Cincinnati
University of Utah

Hyperspectral Polarization-Resolved Imaging from Space for Astrophysics and Earth Science 
As opposed to traditional three-band red, green, and blue (RGB) systems, hyperspectral imaging captures light through hundreds 
of wavelength channels. Polarization-resolved imaging records the polarization state of incoming light. The combination of these 
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technologies allows for the extraction of spatial, spectral, and polarization data from an imaging subject. These data carry information 
regarding the structure, properties, and chemical composition of the target. The integration of this technology with machine learning can 
improve imaging, classification, and noise reduction techniques. We investigate these applications for the fields of astrophysics and 
Earth science.  

To create high-resolution, hyperspectral, and polarization-resolved images, we utilize image pairs. The first image is a hyperspectral 
ground-truth data cube. The second image captures high-resolution polarization-resolved data that has been passed through a 
wavelength-dependent scattering mechanism. A machine learning model is then trained with the image pairs to correlate polarization 
and wavelength. This allows for the creation of high-resolution, hyperspectral, polarization-resolved images.  

We apply hyperspectral polarization-resolved imaging to Earth science with automated rock classification. We train a multiclass 
classification machine learning model on over 900 image pairs of various sulfides. The image pairs are collected from a hyperspectral 
camera and a polarimetric camera equipped with a diffractive filter array. The model is then capable of identifying given rock types from 
polarization-resolved imaging. Further work seeks to integrate more types of rocks and modify the technology to work for air-based 
geological surveys. 

We apply these techniques to astrophysics in order to improve observation capabilities, including resistance to diffuse media and higher 
resolution polarimetric data. We investigate the creation of image pairs by taking high-resolution polarimetric data using an image sensor 
with an integrated diffractive element and referencing astronomical catalogs to create hyperspectral or color ground-truth data cubes. 
We aim for the model-reconstructed images to enable the extraction of more detail from observations, especially where polarimetric 
data is relevant. In addition, we evaluate the method of pairing data taken through distorting media such as water with catalog-based 
ground-truth images to train a noise reduction model. 

About Cole
Cole Miller is a senior pursuing a B.S. in astrophysics and an M.S. in electrical engineering at the University of Cincinnati. He is also 
minoring in mathematics and is a member of the University Honors Program. Outside of the classroom, he is a founding member and 
current president of the Cincinnati Stargazers astronomy club. Additionally, he volunteers with the University of Cincinnati Philosophy for 
Children program to deliver interactive science lessons to elementary schoolers. 
 
Cole’s past research involves galactic astronomy and solar astrophysics. During the 2024 UC UPRISE research program, Cole worked to 
catalog ring galaxies with Dr. Melissa Jacquart, resulting in a paper in preparation. During the 2025 Montana State University Solar REU, 
he worked with Dr. Chunming Zhu to analyze solar flare ribbons. By comparing the amount of rebrightening in a large dataset of solar 
flare ribbons to a catalog of coronal mass ejections, Cole and Dr. Zhu discovered a statistical connection linking ribbon rebrightening to 
eruptivity. This work led to a poster presentation at the 2025 American Geophysical Union annual meeting. 

Cole’s current research involves the application of machine learning and polarization-resolved hyperspectral imaging technology to 
astrophysics and Earth science. The research aims to improve the resolution, classification, and noise reduction of imaging subjects. 
This work is conducted with Dr. Rajesh Menon through the 2026 University of Utah Intelligent Systems in Electrical and Computer 
Engineering REU program.  

Driven by a passion for research, Cole plans to either pursue higher education or enter the research industry as a scientist-engineer after 
graduation. He aims to continue working in the field of signal and image processing. 

____________________________________________________________________________________________________________________________ 

Angela Milo
Harvey Mudd College
Princeton University

Selective Sequential Depolymerization of Mixed Plastics Mediated by Photothermal Conversion 
Chemical recycling of plastics into monomers is a promising strategy to achieve a circular economy. However, selective depolymerization 
methods for mixed plastics are still underdeveloped. Herein, we report a selective and sequential depolymerization strategy for mixed 
plastics, including poly(L-lactide) (PLLA), polystyrene (PS), and poly(ethylene terephthalate) (PET), using photothermal conversion. 
We were able to selectively depolymerize PLLA into L-lactide in the presence of PS and PET. Then, PS was selectively depolymerized 
to styrene, followed by the depolymerization of PET into its monomer. Our protocol was carried out in one pot without any additional 
purification of the unreacted plastics at each stage. This method was successfully applied to mixtures of post-consumer waste plastic. 
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About Angela
Angela Milo is a rising junior at Harvey Mudd College studying chemistry. She is motivated by the challenge of developing reactions that 
are efficient and environmentally responsible. At Harvey Mudd, she explored greener solvents for teaching laboratory experiments with 
Professor David Vosburg. In the summer of 2025, she was a Leadership Alliance Summer Undergraduate Research Fellow at Princeton 
University, where she worked on photothermal methods to degrade polymers with Professor Erin Stache. In Professor Nicholas Ball’s 
lab at Pomona College, she studies click reactions to access pharmaceutically relevant structures through sulfur-fluoride exchange 
chemistry. This summer, in Professor Mohammad Movassaghi’s lab, she worked on the total synthesis of epidithiodiketopiperazines, a 
class of biologically active natural products. Her research experience spans organic synthesis, catalysis, and green chemistry. She has 
been recognized as a 2024 American Chemical Society Scholar. On campus, she is involved as a teaching assistant, tutor, and serves 
on student government as sustainability coordinator. Following graduation, Angela plans to pursue a PhD in organic chemistry with a 
focus on sustainable organic synthesis.  

____________________________________________________________________________________________________________________________ 

Matias Moreno
Pennsylvania State University
The Paul Scherrer Institute

Real-Time Structure and Activity of Copper Electrocatalysts for Improved Electrochemical Purification 
Polyethylene is the most widely manufactured synthetic polymer globally, and its large-scale production requires ultra-high purity 
ethylene feedstocks. Trace acetylene impurities at the parts-per-million level poison the Ziegler-Natta catalysts used in polymerization, 
causing significant declines in both process efficiency and product quality. This creates a global dependency on thermocatalytic 
hydrogenation for feedstock purification, an energy-intensive process that demands high temperatures, elevated pressures, surplus 
hydrogen, and suffers from poor selectivity due to over-hydrogenation of ethylene to ethane and rapid catalyst deactivation by coking. 
The development of more accurate and energy-efficient purification methods is therefore critical for reducing the carbon footprint of 
global plastic production and ensuring the long-term viability of the industrial supply chains dependent on these materials. 
 
Electrochemical acetylene hydrogenation (EAH) uses protons from an aqueous electrolyte in place of molecular hydrogen, operates 
at room temperature and ambient pressure, and allows applied potential to govern reaction rates and selectivity directly. On copper 
cathodes, an electron-coupled proton transfer mechanism selectively promotes ethylene desorption over further hydrogenation, and 
recent work on carbon-supported Cu gas diffusion electrodes has demonstrated ethylene Faradaic efficiencies exceeding 80 to 95% at 
industrially relevant current densities. 
 
What remains poorly understood is how Cu catalysts behave under these operating conditions, particularly at high current densities, 
a regime essential for industrial viability. Most mechanistic insight has been inferred indirectly from product distributions and 
electrochemical signatures, leaving questions about active phase formation, catalyst restructuring, and deactivation largely unresolved. 
Synchrotron-based operando X-ray absorption spectroscopy (XAS) provides element-specific, real-time observation of catalyst 
oxidation state and local coordination environment during operation, and applying it at high current densities opens a window into EAH 
behavior that has not previously been examined. 
 
This work integrates operando XAS with real-time product quantification by mass spectrometry and gas chromatography and 
comprehensive electrochemical characterization, establishing direct structure-activity relationships for Cu-based catalysts across a 
range of nanostructures and operating conditions. These results connect atomic-scale catalyst behavior to macroscopic selectivity 
and stability, and provide a basis for the rational design of electrocatalysts for selective semi-hydrogenation at industrially relevant 
current densities. 

About Matias
Growing up as a swimmer, Matias Moreno was always curious about what was happening at the molecular level when his racing suit 
wore down or wicked water away differently after a few uses. That curiosity to connect microscopic behavior to real-world outcomes 
never left him. Over time, that drive found a direction rooted in his Bolivian and Mexican heritage, where he witnessed firsthand the 
limited access to clean, reliable energy in low-income and rural communities, including in his mother’s hometown of La Paz, where 
entire neighborhoods powered by fossil fuels could lose power for hours or days. With undergraduate training in Materials Science, 
Matias now aims to pursue a career in sustainable energy research, developing efficient, durable materials for electrochemical and 
thermoelectric systems through a Ph.D. 
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To address clean energy access from multiple angles, he has pursued research in hydrogen production, hydrogen conversion, and 
thermoelectrics in various labs, each complementary to using Materials Science as the most direct lever to address the energy crisis. 
More broadly, Matias seeks to use his research and lived experiences to bridge the gap between laboratory rigor and the socioeconomic 
realities of energy deployment, ensuring that technical breakthroughs can survive the complex operating environments of the 
communities they are meant to serve. 

Building on this foundation, Matias is spending this summer as a ThinkSwiss Research Ambassador at the Paul Scherrer Institute (PSI) 
in collaboration with ETH Zurich. As a beamline intern conducting in operando studies, he provides definitive validation of clean-energy 
mechanisms that lab-scale models alone cannot achieve. In representing the United States at this high-level exchange, he engages with 
PSI’s unique multi-user environment to access specialized beamlines and expertise unavailable at a single domestic lab. 

Outside of research, Moreno pursues opportunities to lead and create change both locally and globally. Within the Millennium Scholars 
Program, he mentors younger scholars, and their successes, such as landing key internships, reinforce his belief that greater access to 
science is possible with a committed mentor. At the National University of Singapore, he deepened his leadership approach by working 
with Fridge Restock Singapore to address food waste. Back at Penn State, he applies his experiences as an Education Abroad Peer 
Advisor and Research Ambassador to mentor fellow undergraduates and lead SciComm workshops. 

In his spare time, Matias stays grounded through training for marathons, triathlons, surfing, hiking, and photography. As a natural explorer, 
he leans into his identity as a cultural chameleon by navigating new cities and local food scenes. 
His long-term goal is to lead a research group at a national laboratory such as LBNL, focused on developing scalable, affordable energy 
technologies for under-resourced communities. One day, he intends to return to Latin America with both scientific depth and the capacity 
to work alongside those communities, rather than simply for them. With ASF’s network of scientists, Matias intends to strengthen his 
expertise and independence as he pushes the boundaries of innovation to create impactful, sustainable solutions. 

____________________________________________________________________________________________________________________________ 

Neel Moudgal 
University of Michigan

From Molecules to Mirror Life: The Universal Impact of Chirality 
Chirality, the property of mirror asymmetry, is an important geometric property that underlies the overall structure and function of 
biological and chemical systems. All known life is homochiral—that is, built from molecules of a single enantiomeric (mirror image) 
form. As a result, the development of methods to selectively synthesize chiral molecules and the investigation of how chirality 
correlates with a system’s physical and dynamical properties have emerged as vibrant areas of focus. The profound significance 
of chirality in modern science has been recognized by multiple Nobel Prizes in Chemistry, most recently in 2001 and 2021 for 
breakthroughs in asymmetric catalysis. 
 
While traditionally viewed through the lens of small organic molecules, chirality is inherently multiscale. In biological systems, the 
handedness of individual building blocks (e.g. amino acids, monosaccharides) dictates the hierarchical assembly of macroscopic 
structures, cascading from the rigid stereochemistry of monomers to the twisting backbones of DNA and proteins to the architecture 
of entire tissues. Interestingly, chirality is not a property restricted to the organic realm. Inorganic nanostructures, such as metal 
nanoparticles, have been shown to exhibit multiscale chirality translating to strong, tunable responses to circularly polarized light (CPL). 
In addition, their chirality allows them to form strong and selective interactions with biomolecules. 
 
Another foundational, and still unfolding, question in the field of nanoscale chirality concerns the influence of chirality on quantum 
mechanical properties. Emerging research reveals that structural chirality couples to quantum mechanical observables like electron spin. 
This is perhaps best exemplified by the chiral-induced spin selectivity (CISS) effect in which chiral molecules (including biomolecules 
like DNA) are observed to act as highly efficient spin filters with the resultant spin polarization depending on molecular handedness. 
Furthermore, it is not yet fully known how chiral geometry may affect the decoherence of electronic and vibrational states (e.g.chiral 
phonons). Because modern advances in the field of chiral nanomaterials allows for the synthesis of nanoparticles with continuously 
tunable geometries, understanding this relationship may provide novel design rules to extend coherence times in nanoscale systems.  
 
Ultimately, this deep connection between geometry, quantum physics, and biology raises one of the most provocative questions in 
modern science: could a functioning biological system exist with the exact opposite handedness? The pursuit of “mirror life,” organisms 
built entirely from synthetic opposite handed amino acids and sugars, challenges our fundamental assumptions about biochemical 
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constraints. However, because all life evolved in a chiral world, the introduction of mirror organisms also carries the potential to wreak 
havoc if the molecular recognition mechanisms of biology are unable to recognize mirror organisms, allowing them to spread unchecked. 
Preventing such a scenario relies on deeply understanding the physical mechanics of chiral interactions.  
 
Studying chirality provides a unifying framework for understanding how geometry shapes matter across scales. It is thus not merely an 
effort to distinguish left from right; it is a means of uncovering how molecular form gives rise to physical behavior, biological function, and 
ultimately life itself. 

About Neel
Neel Moudgal is an undergraduate at the University of Michigan studying biophysics, mathematics, and statistics. His research focuses 
on theoretical and computational approaches to biophysical chemistry, quantum dynamics, infectious disease, and immunology. His 
recent work includes developing multiscale methods for quantifying chirality, studying quantum decoherence in chiral systems, and 
constructing stochastic models of cytotoxic T-cell responses. He is the 2023 Regeneron Science Talent Search winner and a 2026 
Goldwater Scholar. After completing his undergraduate studies, he hopes to pursue an MD/PhD and a career as a physician-scientist 
bridging theoretical research and clinical medicine. 

____________________________________________________________________________________________________________________________ 

Eirik Mulder
Auburn University

Spatial Analysis and Design of Large Spacecraft Constellations 
Communications and navigation here on Earth are increasingly supported by large constellations of satellites in the 21st century. 
Traditional constellations like GPS and Iridium, along with an influx of massive constellations such as Starlink and Project Kuiper, offer 
wide-ranging capabilities in the near-Earth regime, but such capabilities have not been developed for the larger and more complex region 
of cislunar space. Deploying large cislunar constellations would allow for much more sophisticated tracking of hazardous asteroids, 
communication with future Moon missions, and advanced navigation for low-cost spacecraft. However, design of these constellations 
faces many obstacles, including a highly multi-objective design landscape along with complex, coupled, and nonlinear dynamics. 
This work presents the use of spatial computing, specifically Virtual Reality, as an integral part of the cislunar design toolkit. We 
demonstrate the use of spatial computing to develop and visualize complex 3D constraints and targets for constellations, and the pairing 
of objective-space design with a novel dynamic cooperative coevolutionary method for producing constellations subject to constraints. 
The resulting Pareto-optimal set of candidate constellations can then be analyzed using spatial tools to visualize both the objective-
space results and the 3D satellite motion in a single system. We present a demonstration of the fundamental concept and architecture to 
showcase the capabilities of spatial computing for enhancing expert capabilities at the satellite constellation design task. 

About Eirik
Eirik Mulder is an undergraduate student studying Aerospace Engineering and Computer Science at Auburn University. He is a 2025 
and 2026 Astronaut Scholar, as well as a 2026 Goldwater Scholar, USRA Distinguished Undergraduate, and 2-time NASA Space 
Grant Scholar. His research focuses on multi-body astrodynamics and trajectory design, with an emphasis on applications of extended 
reality technology in the mission design field. He previously worked as a robotics intern at the Los Alamos National Laboratory, and as 
an Astrodynamics Intern at the NASA Marshall Spaceflight Center, researching multi-body solar sail trajectory design and numerical 
optimization. At Auburn he has previously served as the Chief Engineer and Lead Software Engineer for the Auburn University Small 
Satellite Program, and as a Structures Team Lead for the Auburn University Rocketry Association. 

____________________________________________________________________________________________________________________________ 

David Nguyen
Louisianna State University

Optimizing the Superconductive Properties of Zr_2Co Using Y and Nb Doping
Superconductors exhibit zero electrical resistance below their critical temperatures, TC, enabling very efficient power transmission 
without heat dissipation or energy loss. Consequently, discovering new superconductors and optimizing their critical temperatures 
remain an important goal in solid state physics. One established method to increase TC is adjusting the total valence electron 
concentration (VEC) by doping with elements with more valence electrons. In this study, the known superconductor Zr2Co (TC= 6 
K) are synthesized, and the zirconium matrix is substituted with yttrium (Y) and Niobium (Nb)to investigate the effects of doping on 
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the lattice parameter and critical temperature. The alloys were synthesized using arc-melting and characterized using x-ray diffraction 
(XRD) and using the four-probe method in a physical property measurement system (PPMS). This study finds that Y doping has little 
effect for the lattice parameter and the critical temperature, and Nb doping decreased the lattice parameter and increased the critical 
temperature to 6.5 K. The experimental results reveal that Y substitution yields negligible changes to both the lattice parameters and TC. 
Conversely, Nb doping successfully shifts the VEC, inducing a contraction of the lattice parameters and a distinct increase in the critical 
temperature to 6.5 K. 

About David
David Nguyen is a rising senior majoring in Physics at Louisiana State University A&M. Dedicated to learning more about the 
physics in materials, he enrolled in three additional minors: Chemistry, Mathematics, and Material Science and Engineering. 
This interdisciplinary framework allows him to gain deep insight into problems and develop innovative solutions. Currently, as an 
undergraduate researcher in Dr. Young’s Lab, he explores different methods of synthesizing unique alloys and analyzes them to 
discover their physical and electronic properties. 
 
For the past two years, David has conducted material physics research under his advisor, Dr. Young, focusing on the synthesis and 
characterization of substitutional and high-entropy alloys. He synthesizes alloys using arc melting, ball milling, tube furnace annealing, 
and flux growth to form stable phases. Most of these alloys are composed of refractory, base, or rare-earth metals, which he later 
characterizes using an x-ray diffractometer to learn about their crystal structures. These materials are further evaluated using the four-
probe method in a physical property measurement system to analyze electronic transport properties and determine critical temperatures 
at cryogenic levels. Davidpresents his structural and electronic findings as Honors projects and at LSU Discover Day. 
 
Due to the interdisciplinary nature of his work, David collaborates with several other research groups at Louisiana State University A&M. 
He typically assists them by synthesizing alloys for their characterization or by analyzing their data to discover correlations. Through these 
collaborations, he gains a broader perspective on related research areas, helping him refine his own future research topics and address 
critical subjects. 
 
Outside of academics and research, David devotes a significant amount of time volunteering. His work with Project 225 and Louisiana 
Volunteer in Action allows him to partner with community leaders and address local issues. Additionally, as a member of the Gamma 
Beta Phi Honor Society and the Math Club, he participates in campus outreach events to share his research and passion with peers. 
These events help him build personal connections, learn about diverse interests, and foster an appreciation for service. 
 
Upon graduating with his Bachelor of Science in Physics, David aims to enroll in a Ph.D. program in Physics to specialize in solid-state 
physics. His future research plans focus on exploring the electronic properties of high-entropy alloys and seeking new technological 
applications. Afterward, he aspires to work as a research scientist at a national laboratory, where he can continue advancing material 
physics. Additionally, he hopes to spread more public awareness to the general public about material physics, utilizing his work to inspire 
and mentor the next generation of scientists. 

____________________________________________________________________________________________________________________________ 

Samuel Orgeldinger
Colorado School of Mines
NASA

Development of a Cryogenic DESI Mass Spectrometry Method for Detecting Labile Organic Compounds in Planetary 
Analog Samples 
The organic compounds most valuable to astrobiology and sample-return science are often the most difficult to analyze. Volatile and 
thermally labile organics—molecules of particular interest in carbonaceous asteroid materials, such as those returned from Ryugu by 
the Hayabusa2 mission—can degrade or volatilize during conventional room-temperature analysis, biasing measurements toward 
more stable but less scientifically informative compounds. Desorption electrospray ionization mass spectrometry (DESI-MS) provides 
a powerful ambient, minimally destructive technique for spatial chemical mapping; however, standard ambient operation cannot reliably 
preserve these fragile species. Performing DESI-MS at cryogenic temperatures offers a promising solution but introduces a significant 
engineering challenge: atmospheric water vapor rapidly condenses and freezes on the cold sample surface, forming frost that obscures 
the sample and contaminates mass spectrometric measurements. 

This research aims to develop the instrumentation and environmental controls necessary for frost-free cryogenic DESI mass 
spectrometry (cryo-DESI-MS) of planetary analog samples. The primary objective is to design and validate a system capable of 
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maintaining a sufficiently low local dew point around a cryogenically cooled sample stage (Linkam LTS120) to suppress frost formation 
while remaining fully compatible with DESI ionization and mass spectrometer operation. 

The project integrates thermal, fluid, and systems engineering with automated instrumentation. A manual nitrogen purge system was 
designed to create a localized low-humidity environment around the cold stage while minimizing contamination by carefully selecting low-
VOC, low-outgassing materials. Local environmental conditions are monitored using a precision dew-point sensor. Frost-suppression 
requirements were derived from water-vapor saturation physics using the Murphy and Koop parameterization, while a transient Python-
based thermal model of the cold stage was developed to predict cooldown behavior and optimize purge timing. Computational fluid 
dynamics (CFD) simulations were performed to evaluate nitrogen diffuser geometries and optimize purge-gas distribution across the 
sample surface. To ensure engineering decisions remain directly connected to the scientific objectives, the project is guided by a Science 
Traceability Matrix that links each measurement requirement to its corresponding science goal and is supported by a comprehensive 
review of the analytical and cryogenic literature. 

The next phase of the project focuses on experimental validation. Following integration of the nitrogen purge system, thermal model, 
and optimized diffuser geometry. The first objective is to characterize the achievable dew point within the purge enclosure and verify 
that the DESI source is properly aligned with the cryogenic sample stage. Controlled experiments will then quantify the relationship 
between frost formation and DESI-MS analytical performance by analyzing amino acid standards under varying combinations of 
sample temperature and local dew point. Additional ambient-temperature DESI-MS measurements will evaluate whether the nitrogen 
purge system introduces volatile organic contaminants or analytical background that could interfere with detection of target compounds. 
Results from these studies will establish whether the system meets the environmental requirements for cryo-DESI-MS and guide further 
optimization of purge flow rate, diffuser geometry, and operating procedures prior to analysis of planetary analog materials. 

By enabling the analysis of fragile organic compounds that conventional methods cannot preserve, cryo-DESI-MS has the potential 
to significantly expand the chemical information recoverable from precious, mass-limited astromaterials. The instrumentation and 
environmental-control methods developed through this work will support future sample-return investigations and contribute to the 
characterization of organic and prebiotic signatures across the solar system. 

About Sam
Sam Orgeldinger is a senior at the Colorado School of Mines pursuing a Bachelor of Science in Mechanical Engineering with an 
Aerospace Engineering focus, expected to graduate in May 2027. His research spans aerospace engineering, planetary science, and 
in-situ resource utilization (ISRU), driven by a long-term goal of developing technologies that enable sustainable human and robotic 
exploration throughout the solar system. 

Sam currently conducts research at NASA’s Johnson Space Center within the Astromaterials Research and Exploration Science 
(ARES) Division, where he supports the development of a cryogenic desorption electrospray ionization mass spectrometry (cryo-DESI-
MS) method under the direction of principal investigator Dr. Ardith Bravenec. The technique is designed to detect temperature-sensitive 
organic compounds in planetary analog samples and carbonaceous asteroid materials, including samples returned from Ryugu, with 
applications in astrobiology and sample-return science. His contributions include experimental design, thermal and airflow analysis, 
cryogenic instrumentation, and automated data acquisition. 

Sam has built a diverse research portfolio through multiple NASA projects. Previously, he served as an Orion Engineering intern in 
the Pyrotechnics Test group at NASA’s Johnson Space Center, where he earned Test Director I certification and directed pyrotechnic 
qualification and acceptance testing in support of Artemis II and Artemis III. He also developed new test documentation and improved 
vibration-testing procedures to increase operational efficiency. 

His broader research experience includes developing molten regolith electrolysis reactors to extract oxygen and metals from lunar 
regolith, designing tap systems to extract and spool aluminum produced during the process, and conducting vacuum and flame-jet 
impingement testing on sintered lunar regolith simulants for prospective lunar landing pads. 

Beyond research, Sam serves as a peer mentor for first-year engineering students and is president of the Colorado School of Mines 
Triathlon Club, where he has led the club’s continued growth and fostered a supportive, competitive team environment. 

Following graduation, Sam plans to pursue a career or further graduate study in Earth and Space Science, working at the intersection of 
planetary science and engineering to develop the technologies that will enable humanity to live and work beyond Earth. 
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Gabriel Pacheco-Ethridge
Louisiana State University

A Tri-Modal Machine Learning Pipeline for Behavioral Analysis in Dementia-Related Conversational Data 
Interpreting human behavior in natural conversation is a key challenge for assistive and socially interactive intelligent systems, particularly 
in dementia-related contexts where communication patterns may shift subtly across multiple modalities. This work presents a tri-modal 
machine-learning pipeline that integrates synchronized video, audio, and transcript data for multimodal behavioral analysis. Visual 
inputs are processed into facial action units and expression-related dynamics, audio inputs are converted into prosodic descriptors 
including pitch, jitter, and shimmer, and transcript data are embedded to represent linguistic content. These features are temporally 
aligned and assembled into multimodal datasets for downstream classification and analysis. 

The project is designed to move beyond rigid single-modality methods by capturing complementary signals distributed across facial 
behavior, vocal expression, and language. My work has included literature and technology review, annotation workflow design, 
automated feature extraction, multimodal dataset construction, and baseline model implementation and evaluation. Current work 
extends the framework through quickest change detection methods aimed at identifying temporally significant shifts in multimodal 
behavioral signals during natural conversation. 

This research contributes a scalable framework for multimodal behavioral modeling in real-world interaction settings and supports future 
development of human-centered assistive technologies, socially interactive robotic systems, and biomedical AI applications. 

About Gabriel
Gabriel Pacheco-Ethridge is a dual-degree undergraduate at Louisiana State University pursuing B.S. degrees in Mechanical 
Engineering and Physics with a minor in Robotics. His research interests lie at the intersection of robotics, artificial intelligence, and 
human-centered technology, with a particular focus on assistive and biomedical applications. 

At LSU’s iCORE Lab, Gabriel conducts research on multimodal machine learning for behavioral analysis in dementia-related contexts. 
His work has involved building data pipelines that integrate facial behavior, vocal prosody, and language data to investigate how 
intelligent systems can better interpret complex human interactions. Through this research, he has contributed to the development of 
computational tools intended to support future assistive robotic systems and human-centered AI technologies. 

Beyond his primary research, Gabriel has pursued a range of technical projects that reflect his broader interest in intelligent systems 
and experimental engineering. He has worked on robotics projects involving forward and inverse kinematics, path planning, and 
motion control, including the development of a 3D-printed industrial robotic arm inspired by UR5e architecture. He has also explored 
embedded systems and sensing applications through work on wearable and robotic platforms, including a tendon-driven hexapod robot 
and experimental flight-data systems for model rocketry. 

Gabriel has presented his research at the LSU Summer Undergraduate Research Forum and the AAAS S-STEM Scholars Meeting, and 
he has presented at LSU Discovery Day 2026. His honors include recognition as an Astronaut Scholar, Barry Goldwater Scholarship 
nominee, HSF Scholar, CLA Scholar, and ULL Expo Winner. 

In the future, Gabriel plans to pursue a Ph.D. in robotics or a related field and hopes to lead research that advances intelligent machines 
for biomedical and assistive applications. He is motivated by difficult, open-ended problems and by the opportunity to build technologies 
that are both technically innovative and meaningfully useful to people. 

____________________________________________________________________________________________________________________________ 

Turner Person
North Dakota State University

Development of an Automated Hot-Fire Control System for an Optically Clear PMMA/GOx Hybrid Rocket Motor 
A lab-scale PMMA/GOx hybrid rocket motor designed for optical diagnostics and highspeed imaging was upgraded with an automated 
hot-fire control system to improve test repeatability and reliability. Previous operation of the North Dakota State University (NDSUHRM) 
relied on a largely manual ignition sequence, which limited the level of synchronization and repeatability achievable during testing. 
The updated system integrates an Arduino microcontroller with a LabVIEW-based interface to automate solenoid actuation, oxygen 
vallcontrol via stepper motor, spark plug timing, and synchronized sensor data acquisition. Sensor measurements are incorporated into 
the automated sequence to provide coordinated control and performance monitoring throughout the entirety of each hot-fire test. The 
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resulting system improves ignition consistency, timing precision, and repeatability of combustion experiments, providing a more reliable 
platform for future high-speed imaging, tomographic reconstruction, and quantitative optical diagnostics of the rocket’s combustion and 
exhaust flows.    

About Turner
Turner Person is a senior at North Dakota State University studying mechanical engineering and physics. His primary research interest 
is rocket propulsion, with a focus on experimental testing, combustion, and propulsion system development. At NDSU, he has worked 
on an optically clear PMMA and Oxygen hybrid rocket motor, where he has helped develop an automated hot-fire control system and 
improve the test stand for more reliable and repeatable testing. In 2024, he founded and had since led the High-Power Rocketry Team at 
NDSU. Following graduation, he plans to attend graduate school to continue researching rocket propulsion. 

____________________________________________________________________________________________________________________________ 

Mark Platonov
University of Washington

Structural Health Monitoring of Metamaterials 
Metamaterials are engineered structures designed to manipulate wave propagation in ways not found in naturally occurring materials. 
Their ability to exhibit tailored dynamic properties promises aerospace structures that are lighter, stronger, and capable of actively 
controlling vibration; characteristics highly desirable for reusable launch vehicles and next-generation airframes. However, the same 
engineered architectures that enable these capabilities also fundamentally alter the elastic wave fields used for structural inspection. 
Conventional structural health monitoring (SHM) techniques, developed primarily for homogeneous materials, are unable to reliably 
interpret these complex scattering phenomena, limiting the adoption of metamaterials in aerospace applications.

To address this challenge, we formulate damage detection in metamaterials as an inverse problem and solve it directly. Given a known 
excitation and a sparse set of boundary measurements, the proposed framework simultaneously recovers the location and magnitude 
of unknown unit-cell defects by fitting measured scattered waveforms to a physics-based forward model. The forward model is derived 
from a closed-form lattice Green’s function describing elastic wave scattering in periodic media, while the inverse problem is posed 
as a multi-frequency, complex-valued least-squares optimization solved using sequential quadratic programming. Conceptually, the 
approach performs system identification by comparing measured transfer functions throughout the lattice to analytical Green’s function 
predictions, generating a spatial cost surface that reveals likely defect locations.

The results demonstrate both high accuracy and computational efficiency. Across thousands of Monte Carlo trials with randomly injected 
defects, the framework achieves 100% spatial localization accuracy within √2 unit cells. Furthermore, it estimates defect magnitudes 
with greater than 90% accuracy and successfully identifies up to four simultaneous perturbations within a single lattice. The framework 
also derives an optimization-based approach which requires over two orders of magnitude fewer function evaluations (724 versus 
approximately 240,000) while reducing computational runtime by roughly 31% in comparison to the brute force approach. Embedding 
physical principles directly into the inference process also outperforms data-driven alternatives: convolutional neural networks trained 
on approximately 1% of the state space produce diffuse, low-confidence predictions and degrade significantly on out-of-distribution 
defects, whereas the analytical framework remains interpretable, traceable, and scalable.

Together, these results establish a computationally tractable and certifiable pathway toward unit-cell-scale structural health monitoring 
in high-consequence aerospace systems, enabling applications including automated non-destructive evaluation of reusable launch 
vehicles, real-time structural integrity monitoring, and quality assurance for advanced manufacturing. Ongoing work extends the 
framework to continuous beam networks and fully three-dimensional geometries, pursues experimental validation on fabricated 
metamaterials, and will culminate in the public release of the associated algorithms and simulation tools. 

About Mark
Mark Platonov is a fourth-year undergraduate studying Aeronautical and Astronautical Engineering and Applied Mathematics at the 
University of Washington. His research focuses on aerospace systems, structural health monitoring, guidance, navigation, and control, 
and computational methods for inverse problems. 

In the Dynamic Materials and Structures Laboratory, Mark develops physics-based frameworks for defect detection in metamaterials 
using wave propagation and optimization techniques. He has previously held internship positions at NASA’s Marshall Space Flight 
Center and Johnson Space Center, where he supported the Orion program’s guidance, navigation, and control efforts. He currently 
conducts spacecraft navigation research at MIT Lincoln Laboratory and will join SpaceX as an intern in Fall 2026. 

Following graduation, Mark plans to pursue a Ph.D. in Aerospace Engineering focused on computational methods in either structural 
mechanics or guidance, navigation, and control.

____________________________________________________________________________________________________________________________ 
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Gowri Ramaprasad
United States Air Force Academy
Air Force Research Laboratory

Characterizing Reentry Environments Through Optical Emission Spectroscopy 
Atmospheric reentry is one of the most challenging phases of spaceflight due to the extreme aerothermodynamic conditions 
experienced by reentry vehicles returning from space at speeds in excess of Mach 25. During reentry, the bow shock surrounding 
the vehicle compresses and heats the air to temperatures ~15,000 K. This leads to chemical dissociation and ionization, forming 
a thermochemically complex plasma around the vehicle. High-fidelity characterization of the plasma environment can improve 
thermochemical models used in fluid dynamics codes to predict aeroheating and radiative emission signatures, yielding improve reentry 
system design. This research was conducted within the Air Force Research Laboratory (AFRL) Space Warfare Directorate. We focused 
on characterizing air plasma chemistry in the ultraviolet (UV) by using optical emission spectroscopy to assess emissions of excited NO 
and N2 in a controlled laboratory plasma. 

The experiment presented investigates how changes in flow conditions affect the UV emission spectra produced by a dynamic 
plasma. A microwave cavity gas/plasma was used to generate controlled air plasma flows in a vacuum chamber while varying the 
pressure of the chamber. Changing the pressure altered the flow velocity, allowing the relationship between flow conditions and 
molecular emissions to be studied. Since different reentry velocities produce different chemical interactions within the surrounding 
plasma, understanding how flow conditions influence observed spectra can provide valuable insight into the physical processes 
occurring during atmospheric entry. The experimental setup consisted of a plasma tube containing fifteen measurement locations 
along the flow path at ½ in intervals. At each location, UV spectral measurements were collected for six different pressure conditions. 
A Hamamatsu C16767MA-20 was fixed to a fiberport flange of the vacuum chamber, recording spectral emissions of the flow with an 
exposure time of 350 ms. Flow velocity in the chamber is inversely related to pressure, creating a range of conditions representative 
of changing flow behavior within the plasma environment 

To analyze the dynamic thermochemistry in the plasma, the changes in characteristic molecular emissions in the spectra were analyzed. 
The NO A-X (NO-γ) and N₂ C-B bands were identified between 190 – 440 nm. By comparing the changing intensity of these emissions 
with respect to flow velocity and measurement position, the effects of changing flow conditions on molecular excitation and emission 
behavior could be evaluated. In particular, we focus on the NO-γ emission to elucidate Zel’dovich mechanism kinetics which lead to NO 
formation and radiative emission in reentry vehicles. 

The collected spectral data provides insight into the connection between plasma conditions and the resulting molecular emission 
signatures. Understanding these relationships is important for improving the accuracy of computational models used to describe 
reentry environments, where complex interactions between fluid dynamics, thermodynamics, and chemistry occur. Experimental 
measurements such as these help validate and refine models used to assess the thermal loads experienced by spacecraft during high-
speed atmospheric entry. By studying how changes in flow conditions influence molecular emission spectra, this research supports the 
development of improved methods for analyzing and modeling spacecraft reentry environments. 

About Gowri
Gowri Ramaprasad is originally from San Diego, California, and is a cadet at the United States Air Force Academy pursuing a double 
major in Astronautical Engineering and Physics. She has wanted to become an astronaut since she was three years old, and that goal 
continues to motivate her academic, military, and personal pursuits. 

At the Academy, Gowri enjoys studying space systems, physics, and the science behind spaceflight. Her research interests include 
spacecraft reentry, with a focus on plasma and the complex environment surrounding vehicles as they return through Earth’s atmosphere. 
She conducted research with the Air Force Research Laboratory (AFRL), where she explored aspects of spacecraft reentry and the 
role of plasma in understanding the conditions experienced during atmospheric entry. She is especially interested in understanding the 
engineering and physics challenges that make reentry one of the most demanding phases of spaceflight. 

After graduating from the Academy, Gowri hopes to serve as either a pilot or a developmental engineer in the United States Air Force or 
Space Force. She hopes to attend graduate school, continue building her technical expertise, and eventually attend the U.S. Air Force 
Test Pilot School as either a pilot or a Flight Test Engineer. Her long-term goal is to earn a Ph.D. and become an astronaut. 

Outside of academics, Gowri enjoys playing both indoor and beach volleyball, lifting weights, and running. She also enjoys spending 
time at the beach, listening to music, and going on hikes with friends. 

Gowri is grateful for the opportunities she has had to pursue her lifelong interest in space. She looks forward to a career where she can 
contribute to space research and development while continuing to work toward her goal of becoming an astronaut. 
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Fiona Romanoschi
University of Texas at Austin
Oden Institute for Computational Engineering and Sciences

Learning Reduced-Order Dynamics of Pine Island Glacier Using Operator Inference 
The Antarctic Ice Sheet, particularly outlet glaciers such as Pine Island Glacier, plays a critical role in global sea level rise. Monitoring 
ice thickness and velocity is essential for understanding future impacts on global sea levels, oceanic circulation patterns, and climate 
systems. However, high-fidelity simulations of Antarctic ice dynamics are computationally expensive and subject to uncertainties, 
limiting their use in large-scale and long-term analysis. 

My study addresses these challenges by developing a reduced-order model (ROM) to efficiently approximate Pine Island Glacier’s 
dynamics while maintaining predictive accuracy. Using simulation data generated with the Ice Sheet System Model (ISSM), 
incorporating shallow shelf dynamics and nonlinear basal melt forcing, I applied the method of snapshots to construct a reduced space 
via proper orthogonal decomposition (POD). This reduced space was then used in a low-dimensional regression problem to learn a 
reduced-order model consistent with the observed dynamics. The ROM governing equations were obtained by projecting the full-order 
ice dynamics equations onto the reduced space, and the full-order solution was approximated by projecting the reduced-order solution 
back to the original high-dimensional space. 

The reduced-order system was solved as an ordinary differential equation initial value problem using operators learned via the Operator 
Inference (OpInf) framework, implemented with the OpInf library from the Willcox research group. This approach enables non-intrusive 
model construction without requiring access to the underlying simulation code. Predictions were then reprojected into the full-order 
space and compared to ISSM full-order simulations. Relative errors reached approximately 10% in ice thickness and 20% in velocity 
over the prediction horizon, while achieving over 400x computational speedup compared to the full-order model. These errors are 
evaluated relative to high-fidelity ISSM simulations and reflect the challenges of capturing coupled, nonlinear ice dynamics with limited 
training data. Model accuracy is influenced by the limited training horizon and the complexity of basal melt forcing, highlighting the need 
for regularization and careful model selection. 

During training, the ROM accurately reconstructed the observed dynamics within the reduced space, showing its strong performance 
under complex, nonlinear dynamics. These results demonstrate that reduced-order modeling is a promising approach for simulating 
Antarctic outlet glacier dynamics in near real time. Such computational efficiency enables rapid scenario testing and improves our ability 
to model and predict ice dynamics, supporting climate science efforts to assess future sea-level rise and enabling faster evaluation of 
climate-driven scenarios. 

About Fiona
Fiona Romanoschi is an undergraduate at The University of Texas at Austin studying applied mathematics and human-centered data 
science. Her research uses statistics, computation, and applied mathematics to better understand complex systems in the social and 
environmental sciences. Through the NC State DRUMS REU, she studied count-valued time series models for forecasting political 
conflict casualties. At UT Austin’s Oden Institute, she develops reduced-order models using Operator Inference to accelerate simulations 
of Greenland and Pine Island Glacier dynamics. 
 
Outside of research, Fiona enjoys fencing and language learning. She is passionate about building supportive academic communities 
and has pursued this through UT’s Natural Sciences Student Council, departmental work and student communications in Informatics, 
and language and cultural exchange through the National Security Language Initiative for Youth. 
 
During the coming academic year, Fiona hopes to complete her current research projects, continue learning from her research group, 
and take graduate-level coursework in mathematics and statistics. She plans to pursue a Ph.D. in Statistics and eventually work at a 
national research laboratory, using computational methods to study scientific and policy-relevant problems involving uncertainty and 
incomplete information.
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Supriya Roy
University of Arizona

Tailored 3D-printed Microlens Arrays for Increased Illumination Efficiency in Imaging Fiber Bundles 
Coherent fiber bundles (CFBs), combined with micro-optics manufactured by multiphoton 3D-printing, have enabled exhilarating 
advances in ultrathin biomedical endoscopy such as endo-microscopy and po-larimetry. In CFBs, however, a non-light-conducting 
cladding covers large parts of their cross sections to separate the individual cores of the fiber bundle, resulting in the transmission of 
pixelated images through the CFB. The reduced optically sensitive cross section causessignificant losses in the case of ho-mogeneous 
facet illumination. Because increasing the intensity of the illumination source to counteract this issue is not necessarily possible and/or 
effective in an endoscopic setting, the losses de facto decrease the endoscope’s signal-to-noise ratio. 
 
In recent years, microlens arrays have been shown to resolve a similar issue for CMOS sensors by maximizing their illumination yield 
and thus improving image quality. We hypothesize that a similar array of microlenses placed on individual fiber cores likewise optimizes 
optical transmission in CFB-endoscopes. To accommodate the varied distribution of cores in an imaging fiber bundle, we present 
a tailored microlens array design-approach unique to a fiber bundle bycomputationally identifying the core locations and directly 
3D-printing the microlenses onto the fiber cores. 
 
In first tests with single microlens elements printed on a CFB, we experimentally validated that this design has the potential to maximize 
light collection for the imaging fiber bundle, promising improved light efficiency when applied to wide-field endoscopy for medical 
screening applications. Current work involves printing the entire microlens array to demonstrate the viability of this approach. The ability 
to improve endoscopic CFB image quality without indiscriminately increasingillumination has the potential to improve optical data 
transmission and diagnostic capability when used for industrial and/or medical screening applications. 

About Supriya
Supriya Roy is an undergraduate at the University of Arizona, pursuing a B.S. in Optical Sciences and Engineering with a minor in 
Mathematics.  Supriya’s fascination with engineering began when she traveled to the Kennedy Space Center to watch Endeavour’s 
final launch (STS-134) from Cape Canaveral.  She now works in the Biomedical Optics & Optical Measurement Laboratory under her 
mentor Dr. Travis Sawyer, funded by the University of Arizona NASA Space Grant Internship Program, where her research focuses on the 
development of novel tools for digital pathology and microendoscopy. 

Through the Stuttgart University Program for Experiencing Research (SUPER), Supriya worked with the Institute for Applied Optics 
to design a method to increase optical transmission through fiber optic endoscopes by 50-70% using 3D-printed microlenses.  She 
presented this work at the 2026 SPIE Photonics West Conference, funded by an SPIE Student Conference Support Program 
Scholarship, and published her work in the 2026 SPIE Conference proceedings.  She returned to Stuttgart this summer to 3D-print a 
complete microlens array. 

Supriya was also selected to attend the Pembroke Summer Programme at the University of Cambridge last year, where she worked in 
the Cavendish Laboratory Department of Physics to develop a comprehensive image analysis framework using texture feature analysis 
and classification algorithms to improve the accuracy of esophageal cancer detection.  She successfully designed an algorithm to 
differentiate between low- and high-risk disease states exhibiting similar tissue morphology and submitted a dissertation with the results 
of her work.  Supriya returned to Cambridge this summer, funded by an Undergraduate Biology Research Program scholarship, where 
she expanded her analysis to include the full set of available patient data with six total disease states and developed a digital pathology 
framework to supplement visual analysis for esophageal cancer detection.  Her ultimate goal is to integrate this real-time image analysis 
algorithm directly into clinical imaging systems to facilitate the early detection and treatment of gastrointestinal cancer. 

Supriya has served as the University of Arizona’s SPIE Student Optics Chapter as Academic Chair and more recently, Vice-President. 
She worked with faculty and students to organize student presentation sessions and community outreach events such as Laser Fun 
Day.  Supriya was also selected to advise the incoming class of University of Arizona’s NASA Space Grant interns last year and has 
organized various enrichment activities to support these students.  In recognition of her accomplishments, Supriya was named a 2026 
Barry Goldwater Scholar and received the International Society for Optics and Photonics 2026 Women in Optics Scholarship.  Supriya is 
honored to have received the Astronaut Scholarship Foundation Scholarship and intends to pursue a PhD in biomedical optics, with the 
ultimate objective of designing integrated optical systems for clinical use. 
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Ahmed Sharara
University of Minnesota

Neonatal-Like Biomechanical Cues Drive WNT- and CKS1B-Mediated Proliferation of Late-Stage Human Cardiomyocytes  
Cardiovascular disease remains the leading cause of death worldwide. This is in part due to the limited regenerative capacity of the adult 
human myocardium. Cardiomyocytes (CMs) undergo dynamic postnatal structural and functional changes that coincide with a rapid 
loss of proliferative capacity and stiffening of the myocardial matrix. Several studies haveidentified mechanisms that promote CM cell-
cycle re-entry; however, the effects of mechanical cues in promoting these processes in human CMs remain limited. In this study, we 
utilized late-stage (>D60) human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) and investigated the stiffness–
Wnt–CKS1B cascade in promoting CM proliferation. Soft matrix (3 kPa) led to altered CM contractile kinetics, with reduced beat rate, 
increased time to peak, contraction time, relaxation time. These changes were associated with significantly reduced sarcomere length 
and order relative to CMs grown on tissue culture plastic plates. Notably, immunostaining for proliferation markers Ki67 and phospho-
histone H3 (pHH3) revealed a significant increase in 3 kPa conditions, indicating cell-cycle re-entry. Flow cytometry analysis of the cell 
cycle further showed a significant increase in the proportion of CMs in S and G2/M phases in the soft matrix. Mechanistically, scRNA-seq 
datasets from regenerating mouse neonatal heart showed upregulation of WNT signaling and CKS1B (a p27 suppressor) in proliferative 
CM clusters. Their expression paralleled that of distinct cytoskeletal and mechanosensing markers, suggesting that regenerative CMs 
are associated with altered mechanical signaling. To decipher the role of CKS1B in promoting late-stage CM proliferation, we generated 
a DOX-inducible hiPSC line and evaluated its function in combination with the WNT activator CHIR. Valproic acid (VPA) was used 
to relax condensed chromatin. Our analysis showed that co-induction ofWNT signaling and CKS1B led to an increase in proliferative 
CMs. Together, these findings show that neonatal-like matrix stiffness promotes human CM proliferation through coordinated WNT and 
CKS1B signaling pathways. 

About Ahmed
Ahmed Sharara is a rising senior majoring in Biomedical Engineering with an emphasis in biomechanics at the University of Minnesota 
Twin Cities. His research sits at the intersection of cardiac regenerative medicine, mechanobiology, tissue engineering, and 
computational modeling. Throughout his work, Ahmed seeks to understand how mechanical and molecular cues govern heart cell 
behavior, with the long-term goal of developingtechnologies that improve disease modeling, therapeutic discovery, and cardiac repair. 

Ahmed’s research spans a diverse range of translational bioengineering projects. He helped develop a novel strategy to promote the 
maturation of stem-cell-derived cardiomyocytes in 3D engineered heart tissue models, work that contributed to patent recognition and 
reflects his broader interest in building more physiologically relevant models of the human heart. He is also leading research investigating 
how biomechanical cues regulate the dedifferentiation and regenerative potential of adult human cardiomyocytes. After identifying 
signaling pathways that may help unlock regenerative programs in human heart cells, he has worked to test these approaches in 3D 
cardiac organoid models, moving the work toward more complex and clinically relevant systems for cardiac repair. 

In a related area, Ahmed studies hypertrophic cardiomyopathy, a genetic heart disease that can lead to heart failure and sudden cardiac 
death affecting .2-.5% of the global population. Using engineered disease models, traction force microscopy, finite element modeling, 
spatial transcriptomics, proteomics, and advanced imaging, he investigates how mutation-specific mechanical properties drive 
cardiomyocyte dysfunction and influence interactions with other resident cell types. His work aims to uncover how genetic mutations 
reshape both the mechanical and molecular landscape of diseased cardiac tissue, with the long-term goal of informing more patient-
specific therapeutic strategies for HCM. 

Beyond his experimental research, Ahmed has applied finite element modeling and simulation-based optimization to study damage 
mechanisms during the cryopreservation of engineered heart tissues. This work seeks to improve preservation protocols for complex 
biological systems, an important barrier in the storage, transport, and clinical translation of engineered tissues. 

Driven by a long-term commitment to advancing therapies for heart disease, Ahmed approaches biomedical engineering as both a 
scientific and translational discipline. Across his work, he integrates computational biology with advanced wet-work techniques to create 
translational disease models aimed at transforming fundamental discoveries into technologies with meaningful clinical impact. 



61 ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

Sadie Shudde
Tarleton State University

Simulating Mechanisms of Atrial Fibrillation With an Interactive N-body Model 
Background: Atrial fibrillation is the most common and complex sustained cardiac arrhythmia, driven by disorganized electrical 
activation that impairs cardiac function and increases the risk of stroke and heart failure. Catheter ablation is a widely used treatment, but 
its success relies on understanding the mechanisms that initiate and sustain atrial fibrillation, which remain incompletely understood. 
Computational modeling provides a controlled, risk-free environment to study these mechanisms and explore therapeutic strategies 
that are difficult to investigate experimentally. 

Objective: To use our computational model of the human left atrium to reproduce and analyze reentrant mechanisms that contribute to 
atrial arrhythmogenesis and the fibrillatory behavior of atrial fibrillation. 

Methods: We used our left atrial model, in which the myocardium is represented as a network of dynamically coupled nodes and springs 
with tunable electrophysiological properties. Users can adjust conduction velocity and refractory periods, introduce ectopic triggers, 
or perform simulated ablations. Reentrant circuits were generated by locally modifying wavelength, creating functional barriers, or 
leveraging anatomical structures. Spiral waves were initiated using an S1–S2 protocol, resulting in sustained fibrillatory conduction. 
Simulations were executed in near real-time using GPU-acceleration. Both idealized spherical atrial shells and patient-specific 
geometries derived from imaging data were used for validation. 

Results: The model reproduced multiple forms of reentrant excitation observed in atrial arrhythmias. Reentrant circuits and rotors 
emerged, driven by wavefront curvature and user-controlled adjustments to electrophysiological properties. Micro reentrant and macro 
reentrant circuits demonstrated self-sustaining propagation consistent with clinical observations. The combination of these mechanisms 
produced sustained, chaotic activation patterns resembling atrial fibrillation. 

Conclusion: This computational model provides a dynamic visualization and a mechanistic framework for understanding the initiation 
and maintenance of atrial fibrillation. By reproducing key reentrant phenomena, it serves as a platform for testing hypotheses on 
arrhythmia dynamics and evaluating novel therapeutic strategies designed to disrupt reentrant circuits in atrial tissue. 

About Sadie
Sadie Shudde is a Senior at Tarleton State University, double majoring in Mathematics and Computer Science. Originally from Ovalo, 
Texas, Shudde first fell in love with the subject of Mathematics in high school, when a teacher taught her that math is the language in 
which the world is written. That idea has stayed with her, drawing her toward research where mathematics helps not only describe the 
world but improve it.  
 
Shudde is a member of the High-Performance Computer (HPC) Lab in Tarleton State’s Mathematics Department. In the HPC Lab, 
Shudde works with an N-Body model of the left atrium to study atrial arrhythmias, particularly atrial fibrillation. The lab’s research is 
conducted in partnership with University of Houston, Baylor College of Medicine, NVIDIA, and NIH. For her contributions to this work, 
Shudde earned Best Poster at the 2026 MAA Texas Conference.  
 
Beyond her work at Tarleton State, Shudde participated in a Research Experience for Undergraduates (REU) at Kennesaw State 
University, an NSF-funded program in which she worked to improve emotion recognition using sensor-driven AI. Together, these 
experiences reflect a consistent thread in her research interests of using computational and mathematical tools to solve problems that 
will directly benefit people. 
 
Shudde serves as President of the Math Club at Tarleton State, where she works to build a strong community among students studying 
STEM and to make mathematics accessible and engaging for her peers. 
 
As an Astronaut Scholar, Shudde has received support towards tuition, allowing her to continue her research and coursework at 
Tarleton State. After graduation she plans to pursue a PhD in Applied Mathematics, continuing to pursue research with practical, 
real-world applications.
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Ishaan Singh
Purdue University
Manas AI

Pretrained Representations for Molecular Generation 
Modern text-to-image systems such as Stable Diffusion 3 (SD3) owe much of their capability to factorization into three separately 
trained components. A text encoder, pretrained on language alone, turns a prompt into a representation. An image autoencoder 
is pretrained on images alone, compressing a picture into a compact representation, termed the “latent space”, and rendering it 
back out to pixels. Only the third component, a diffusion transformer, sees paired image-caption examples. The division of labor 
is essential for SD3 and related models’ capabilities: language understanding and the fine detail of rendering are each learned 
from the data best suited to them, so the generative model never spends capacity relearning either. 

In drug design, the generative task is to create a ligand for a protein. In the language of SD3, the ligand is the image, and the 
protein is the text prompt. Here, I demonstrate the applicability of an SD3 architecture to drug design. The first component is a 
self-supervised protein encoder. Following I-JEPA, we mask part of a protein and train a network to predict the hidden regions’ 
representations in latent space. This requires no labels and no ligands, yet yields representations that encode protein information 
as evolutionary models such as ESM do. It plays the role of SD3’s frozen text encoder. 

The second component is the ligand-side analog of the image autoencoder. Rather than learning to reproduce ligands, it learns 
to represent ligands by the interactions they could have with surrounding space, creating a physically meaningful latent space 
learned from small molecules alone. The generative model then works entirely within that space, as SD3 does, leaving the 
decoder to render chemistry back out. 

Together, these encoders give each part of the system a single job, learned from the best-suited data for each job. What remains 
is careful design of the generative model itself, and I close with a discussion of the possibilities there. 
 
About Ishaan
Ishaan Singh is an undergraduate at Purdue University’s John Martinson Honors College, pursuing a B.S. in Honors Physics and 
Biochemistry with minors in Mathematics and Electrical & Computer Engineering, graduating in May 2027. 
 
His research sits at the intersection of optics, photonics, and quantitative imaging. Working with Dr. Chi Zhang at Purdue, he has 
developed instrumentation and software for real-time optical control of biochemical processes and for Raman spectroscopy 
and fluorescence-lifetime imaging. With Dr. Jing Liu, he has built computational tools for single-molecule and super-resolution 
microscopy, including simulation and analysis methods for time-gated lifetime imaging. At the Vanderbilt Biophotonics Center, 
he worked on light-sheet microscope characterization and instrument design, and this summer he joined Manas AI to work on 
machine learning for molecular discovery. 
 
His work has produced several publications, including a first-author paper in Chemistry Methods, along with presentations across 
chemistry, physics, and biophotonics. Ishaan is a 2026 Goldwater Scholar and a 2025 Astronaut Scholar. Within Purdue, Ishaan 
received the Chemistry Department Margerum Undergraduate Research Award, has been named the Physics Department’s 
Outstanding Student in his class for each of the last three years, and is a Lilly Scholar. He also teaches, serving as a supplemental 
instruction leader, the lead teaching assistant for differential equations, and an instructor for a virtual science summer camp for 
middle school students. He intends to pursue graduate study to eventually join a startup focused on optical neural networks. 
 
Outside the lab, Ishaan plays pickup basketball with more enthusiasm than skill and plays the cello in orchestras and chamber 
groups with only marginally more skill than he has in basketball. Above all, he is grateful to his parents, whose support has made 
his goals possible. 
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Aleena Sklyar
Tufts University

Controlling Deoxy Sugar Glycosylation with Sulfonates 
With the ongoing rise in antimicrobial resistance to antibiotics and drugs, the need for new therapies continues to increase. Natural 
products can be crucial in carrying out important biological functions with potential therapeutic effects. Many possess oligosaccharide 
chains composed of deoxy sugars, which play important roles in modulating biological activity. Changing the composition of these 
oligosaccharides or the stereochemistry of the glycosidic linkages that connect them can improve the biological activity of the natural 
compound or alter its target. For example, the natural product arugomycinbinds to DNA, while keyicin, which differs only in the composition 
of its deoxy sugars, interferes with bacterial fatty acid biosynthesis without interacting with nucleic acids. These observations have led to 
the concept of glycodiversification, where modifying the sugar composition of natural products can generate compounds with improved 
therapeutic profiles. However, how deoxy sugar composition can control molecular targeting remains poorly understood due to the 
difficulty of producing pure deoxy sugar oligosaccharides. 

One of the greatest challenges in deoxy sugar oligosaccharide synthesis is controlling the stereochemical outcome of glycosylation 
reactions that are used to link monosaccharides into larger chains. Despite years of effort, the factors that lead to selective glycosylation 
reactions remain poorly understood. Although most research has focused on specific sugars, no universal method exists for the 
stereoselective synthesis of all deoxy sugars. Researchers in the Bennett lab have addressed this challenge through the development 
of sulfonate-mediated glycosylation. Previous work has shown that matching the reactivity of the sulfonate leaving group with the 
electrophilic glycosyl donor permits highly selective glycosylation reactions, whereas mismatched reactivities reduce selectivity. This 
research aims to determine the factors controlling selectivity to establish a general method for stereocontrolled glycosylation of deoxy 
sugars and open new paths for drug discovery. 

In order to do this work, it is necessary to establish reactivity trends that can be used to match sulfonate reactivity with the glycosyl 
donors to avoid any mixtures of isomers. Sugar reactivity will be measured using the relative reactivity value (RRV), which quantifies how 
quickly a sugar reacts. Previous work in the Bennett lab demonstrated a correlation between RRV and sulfonate reactivity in common 
monosaccharides. The goal of this research is to establish the same trends with deoxy sugars by examining several sulfonates and their 
effects on glycosylation stereochemistry. After identifying the optimal sulfonate for each sugar, the corresponding RRV values will be 
measured to establish guidelines for selecting sulfonates to activate specific glycosyl donors. 

This research represents an important step toward generalizing natural product glycodiversification. Understanding how selectivity 
of deoxy sugars can be controlled will facilitate the synthesis of complex molecules with enhanced biological activity. This could 
also provide training sets for machine learning models to predict glycosylation outcomes, permitting the reliable construction of 
glycodiversified natural products for future therapeutic development. 

About Aleena
Aleena Sklyar is a rising senior at Tufts University from Brooklyn, New York, pursuing a Bachelor’s degree in Biochemistry with a minor in 
Biotechnology. She also spent a semester abroad at University College London, where she continued her studies through coursework 
in immunology and cell biology and gained exposure to a rigorous international academic environment. Aleena currently works 
throughout the school year at the Bennett Lab in the Tufts University Department of Chemistry, where she is conducting research on the 
organic synthesis of deoxy sugars and controlling the stereoselectivity of the glycosylation of deoxy sugars using sulfonates. She has 
gained valuable experience optimizing reaction conditions, purifying products through column chromatography, analyzing data using 
NMR and mass spectrometry, and communicating and collaborating with fellow researchers in the lab. Aleena participated in the Tufts 
Summer Scholars program, where she pursued a 10-week independent project that continued her research and presented her findings 
to peers at an end-of-summer conference. This summer, she is working at Active Site as a Research Protocol Technician, gaining 
hands-on experience in molecular biology techniques within a research laboratory setting, including cell culture, molecular cloning, 
and transfection. This experience has strengthened her ability to follow detailed protocols and work efficiently. Her experience in wet 
labs has provided her with a solid foundation in both chemical and biological laboratory techniques, including experimental design and 
data interpretation, preparing her for her future career. She plans to pursue a Ph.D. in pharmacology, where she hopes to build a career 
investigating how molecular processes are altered during disease to gain insight into designing natural or synthetic drug compounds 
to treat these diseases. Aleena is particularly interested in neurodegenerative diseases such as Parkinson’s and ALS. She hopes to 
understand the molecular mechanisms underlying these diseases in order to contribute to research and the development of new drugs 
and therapeutic treatments. Outside of the lab, she enjoys sports, volunteering, and working with children. 
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Casia Steinhaus
University of North Dakota 
Princeton Plasma Physics Laboratory

Electron Cyclotron Emission Core Electron Temperature Measurement Scaling in Real-Time for ITER 
Real-time electron cyclotron emission (ECE) diagnostics measurements for ITER must account for relativistic emission effects due 
to high temperature and density plasma. ITER will be the largest tokamak to date. It will operate at consistently high temperatures and 
densities, where relativistic effects will deviate from typical “cold plasma approximations”.  Measurement algorithms must be designed to 
account for relativistic broadening and emission shifting. Core electron temperature is a crucial measurement that provides information 
on the stability of a plasma. Measuring Core electron temperature relies on ECE ordinary mode (O mode) and extraordinary (X-mode) 
emission. O-mode is the ECE propagating with the electric field component parallel to the magnetic field. X-mode is ECE propagating 
with the electric field component perpendicular to the magnetic field. The O-mode has less relative emission than X-mode, but greater 
core access due to fewer propagation limits. Additionally, the X-mode has increased harmonic overlap due to relativistic effects, but 
greater relative emission than O-mode. Scaling O-mode with respect to X-mode will reconstruct the Core electron temperature profile 
despite relativistic effects. Scaling algorithms were implemented and tested to combine the measured O-mode data and X-mode 
data. This lets us take advantage of the stronger signal of X-mode and the accessible range of O-mode. Noise was added using the 
radiometer equation to simulate experimental scenarios. Several algorithms were tested. An acceptable algorithm is within 10% error 
for the simulated real electron temperature value. We choose a scaling method to produce Core electron temperature measurements 
based on performance. We present expected error for that model, and a summary of the effectiveness of attempted models.  

About Casia
Casia Steinhaus is a rising senior at the University of North Dakota (UND) double majoring in Physics and Mathematics. She plans 
to pursue a PhD in Plasma Physics and eventually work at a national lab conducting research in clean energy fusion. Specifically, she 
plans to pursue research in edge localized mode suppression for tokamak fusion reactors. Recently, Casia earned a 2026 Goldwater 
Scholarship and a Science Undergraduate Laboratory Internship (SULI) for the summer of 2026 at the Princeton Plasma Physics 
Laboratory. In her SULI internship, she is conducting research on real-time measurement methods for the Core electron temperature 
of ITER. This year, she also earned a DAAD Professional research internship at GSI Helmholtz in Darmstadt, Germany where she 
will be researching nuclear shell model calculations as input for astrophysical processes this fall. Last summer, Casia earned a DAAD 
RISE internship in Ilmenau, Germany where she worked to optimize machine learning models for materials research. In the summer 
of 2024, Casia was an OSTEM intern at the NASA Goddard Institute for Space Studies where she applied machine learning to remote 
sensing data from the PACE satellite to detect oil spills in the ocean. At UND, Casia has conducted research projects with the Physics 
& Astrophysics, Mathematics, and Mechanical Engineering Departments. Most recently, she worked with the Mechanical Engineering 
Department on a project to improve the calibration of Langmuir probes, which are a measurement tool for plasmas. Casia has also 
earned the National Merit Scholarship, the North Dakota Space Grant Student Research Fellowship, the National Critical Language 
Scholarship, and the Lockheed Martin National STEM Scholarship. Casia also competes in Olympic-style air rifle and smallbore 
rifle and has won the Intercollegiate National Rifle Championships three years in a row and qualified for the Junior Olympic National 
Championships fourteen times across seven years and three events.  

____________________________________________________________________________________________________________________________ 

Peyton Summerhill 
Montana State University

Refinement of Statistical Mechanical Modeling Methods for Gas Adsorption 
Currently, many porous materials are of utmost importance due to their wide variety of applications: from gas sensing, storage, and 
separation, to even catalysis. The capabilities of many such materials can make them prime candidates for critical green technologies, 
including carbon capture, water capture, and energy storage. In the future, any of these technologies could play a pivotal role in 
mitigating the effects of climate change by removing carbon dioxide from the atmosphere, providing clean drinking water from the air, or 
revolutionizing green energy storage with hydrogen or methane, respectively. 

Each of these material behaviors hinges on the adsorption of free gas to some solid porous material, an interaction which can be 
understood both mechanistically and energetically by performing high-quality modeling. During this process, measured adsorption 
uptake data at several temperatures is globally fitted to models derived from first principles. However, two important parameters in these 
models, A (which describes the behavior of the bound adsorbate within its site) and ε (the energy of adsorption), appear to be highly 
correlated and may be conflated with one another during fitting. It is the goal of this project to refine our otherwise reliable modeling 



65 ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

methods by using quantum models (including particle in a box, the harmonic oscillator, and a modified delta function) to specify the 
relationship between the correlated parameters A and ε. 

Thus, we introduce a statistical mechanical derivation of the single-site Langmuir model (the simplest model of adsorption) via several 
binding site models, each given by a different three-dimensional potential well which is defined using textbook quantum models. Every 
potential well type yields an energy equation from quantum mechanics, a unique contribution to the heat capacity of the system, and a 
physical description of the bound adsorbate’s environment. Most importantly, we see that the fitting parameter “A” is derived only from 
the shape of the potential: a separate feature of the potential than ε, indicating that the observed A/ε correlation is statistical rather than 
physically inherent. This study reaffirms the abilities of our modeling methods and unveils the underlying complexities present within 
even the simplest adsorption models.

About Peyton
Peyton Summerhill is a rising senior and undergraduate researcher at Montana State University (MSU), majoring in Chemistry and 
minoring in German Studies. While she has always had a passion for discovery, her research career began when she became involved 
in physical chemistry research at MSU as a high schooler.  

She spent several years designing novel theoretical models to describe cooperative adsorption systems, resulting in a 2025 
publication, and is currently working on characterizing and deriving quantum binding-site models, which are contained within every 
adsorption model. Peyton is fascinated by the relationship between deeply fundamental theory and experimental results, which 
is a key conversation in her projects: she relies on textbook statistical mechanics alongside various materials characterization 
techniques to build and test her models. 

Her first two summers during college found Peyton conducting research at Montana State University, but more recently she completed 
a RISE Germany internship at the Technical University of Dortmund in Germany, where she studied the design and processability of 
porous salt frameworks. These porous crystals are environmentally friendly and recyclable, while remaining tunable and having potential 
applications in gas separations, storage, and more.  

Peyton believes in the importance of science in everyday life and in spreading enthusiasm about research. After her graduation, she 
plans to pursue a PhD in Chemistry and continue onto a career researching materials relevant to climate change mitigation.  

In her free time, Peyton enjoys swimming, mountain biking, skiing, reading, and writing stories. 

____________________________________________________________________________________________________________________________

Cliff Sun
University of Illinois Urbana-Champaign

Superconducting Nanowires for Classical and Quantum Logic 
One-dimensional (1D) superconducting nanowires are emerging as versatile building blocks for superconducting classical and quantum 
computers due to their multi-valued critical current, ability to trap individual vortices, and high kinetic inductance. Such properties enable 
superconducting devices with functionalities beyond conventional Josephson Junction architectures.

In this talk, we will present recent theoretical models of multiple-nanowire devices and discuss their applications as perfect 
superconducting diodes and transmon qubits. For a nanowire device characterized by an approximately linear CPR, we show that 
breaking parity and time-reversal symmetries enables complete supercurrent rectification. For a nanowire device characterized by 
a non-linear CPR, we demonstrate how interference effects between the nanowires can be leveraged to develop charge-insensitive 
qubits with high, tunable anharmonicity. 

About Cliff
Cliff Sun is a rising senior at the University of Illinois Urbana-Champaign (UIUC) studying physics and mathematics with a minor in 
computer science. Broadly speaking, he is interested in the synergy of quantum hardware, quantum algorithms, and systems-level 
design towards building a fault-tolerant quantum computer. He plans to pursue a PhD following graduation.  

Currently, he conducts research at UIUC and the Johns Hopkins University Applied Physics Laboratory (APL). At UIUC, he works 
with Professor Alexey Bezryadin on superconducting nanowire devices, where he has published multiple papers and filed a patent 
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on nanowire-based quantum interference devices, diodes, and qubits. At APL, he works with Chief Scientist Dr. Michael Wall on the 
applications and efficient scaling of holographic quantum circuits and variational quantum tensor network algorithms. 

Outside of research, he previously led a team competing in the NASA Human Lander Challenge, directing the design of a multi-
stage cryogenic propellant transfer strategy whose concepts have since been integrated into existing NASA architecture.  He is also 
an Undergraduate Research Ambassador, where he supports students looking to get involved in research. In his free time, he enjoys 
playing basketball, learning, and listening to new types of music.  
____________________________________________________________________________________________________________________________

Joshua Taggart
University of Central Florida

Robust AlN MEMS Resonators for High Temperature Space Environments
The purpose of this study is to analyze aluminum nitride (AlN) micro-electromechanical systems (MEMS) resonators designed for 
extreme-environment applications. The devices of study are Lamb wave, piezoelectric resonators designed and fabricated using 
conventional semiconductor manufacturing processes and operating around various frequencies in the megahertz range. The 
purpose of this study is to advance understanding of MEMS devices in extreme-temperature and radiated environments for outer-
space applications.  

Devices were tested under vacuum at temperatures ranging from room temperature (~21°C) to 800°C. Under these conditions, the 
device was measured both as a resonator and in an oscillator circuit. Results show that the resonant frequency decreases only slightly 
with increasing temperature and that the insertion loss remains largely stable. In the oscillator circuit, phase noise increases with 
temperature, primarily due to increased thermal noise. Device performance was also experimentally tested and characterized under 
X-ray irradiation. Changes in device characteristics and recovery from radiation exposure are currently under study.  

This study shows how well aluminum nitride lamb wave resonators perform under extreme environmental stresses, both on their own 
and as oscillators. Results show very promising applications for frequency control in outer space using AlN MEMS devices.  

About Joshua
Joshua Taggart is an undergraduate researcher and electrical engineering student at the University of Central Florida, as a member of 
the Burnett Honors College. A first-generation college student, his work centers on microelectromechanical systems (MEMS) for space 
applications, specifically on hardware designed to survive the harshest environments in the solar system. 

As a research assistant in UCF’s Quantum Sensors and Integrated Microsystems Lab, Joshua has completed his Honors Undergraduate 
Thesis on the design and testing of MEMS devices for extreme space environments. His work on a NASA-sponsored project 
investigates the performance of aluminum nitride Lamb wave resonators under the extreme temperatures and radiation of missions like 
the Parker Solar Probe and future Venusexploration. His research poster, “Robust AlN MEMS Resonators for High Temperature Space 
Environments,” earned the Judges Choice Award at the 2026 UCF Student Scholar Symposium. He is currently continuing his study of 
aluminum nitride resonators and analyzing their performance in radiation environments. 

As a hardware/software engineering intern at NASA’s Johnson Space Center, he supported the R5 CubeSat Lab across avionics, 
propulsion, and communications, where his characterization of flight computer GPIO behavior resolved a persistent radio power issue, 
and his Python-based test automation cut propulsion acceptance testing time by 90%. At UCF’s Center for Microgravity Research, he 
proposed and secured a Summer Research Fellowship to create an electrical conductivity instrument for lunar regolith. He designed, 
built, and validated this device, achieving accuracy within ±2% of a much more costly commercial sensor. 

Joshua served as President of the Knights Satellite Club, where he led a club-wide rebranding, expanded outreach, and represented 
UCF at the Small Satellite Education Conference at Kennedy Space Center. He developed the club’s Tethered-Sat platform, a high-
altitude balloon testbed for quick satellite technology testing, and managed communications for the KAOS-1 CubeSat, which ascended 
nearly 120,000 feet to study atmospheric chemistry.  

As a current summer intern at NASA’s Glenn Research Center, Joshua is studying extreme environment silicon carbide pressure 
sensors. He is studying advanced packaging materials and thermocouple integration to push the limits of pressure sensing beyond 
1000 degrees Celsius.  

Joshua plans to earn a Ph.D. in electrical engineering, focusing on robust sensors and electronics for space applications, with the aim of 
working at a NASA research center to support the next era of space exploration. 



67 ASTRONAUT SCHOLARSHIP FOUNDATION | Innovators Symposium & Gala 2026

Fir Rain Takacs
Virginia Polytechnic Institute and State University

Improving Quantum Technology with Doodles 
Quantum technologies have undergone great advancements in areas such as computing, sensing, and communication in the past 
decades. Yet, controlling the evolution of any given system remains challenging due to the inevitable presence of environmental noise. 
Space curve quantum control (SCQC) creates a map between quantum evolution problems and control paths, or “doodles,” in real space. 
This provides an intuitive geometric framework that allows properties of the path to correspond to noise suppression to various orders. 
We investigate whether path “signatures” can be used to reconstruct a control path given certain constraints on the system’s evolution, 
a strategy that---to our knowledge---has not been applied to quantum control. The connection is built on the Magnus expansion. When 
the time evolution operator is expressed with a Magnus series, imposing constraints that cause selected terms to vanish corresponds 
to noise suppression in the interaction picture. Simultaneously, we use the shared algebraic structure of Magnus expansions and path 
signatures to establish a correspondence between the two. With this connection in place, the path signature could be used to reconstruct 
the control path. Furthermore, SCQC allows a system’s driving fields to be extracted from its control path. By using the path signature, 
noise cancellation methods could be designed to higher orders and for more complex systems. 

About Fir
Fir Rain Takacs (they/them) is a Goldwater scholar and theoretical quantum information researcher in Virginia Tech’s (VT) Class of 
2027, where they maintain a 4.0 GPA. Fir is pursuing dual Bachelor of Science degrees in physics and mathematics, with a minor 
in quantum information science and engineering. They specialize in theoretical quantum mechanics and have been engaged in 
research since their first semester at VT. Their current project is a mathematical physics project using space curve quantum control 
with the Economou-Barnes group. This project is developing new geometric methods for controlling quantum systems with greater 
reliability and precision. It does so by mapping the system’s evolution onto curves in real space. Their prior research has included 
two primary projects. Beginning in May 2024, they started their first project with the Economou-Barnes group: a theoretical quantum 
noise spectroscopy project that implemented realistic experimental constraints in theoretical models used to analyze and understand 
noise. This work has been presented at two APS conferences, and a first-author publication is in progress. In the summer of 2025, 
they did a project with the Wu lab at the University of Kansas conducting experimental condensed matter physics research on flexible 
photodetectors. This work has been presented at an invited talk for the VT Physics Department and resulted in a 2026 coauthored 
publication in Advanced Optical Materials. 

In addition to research, Fir is passionate about teaching and sharing physics with others, and as such they’ve been heavily involved in 
physics outreach and teaching. They’ve been an undergraduate teaching assistant (UTA) for several classes at VT, including general 
relativity and quantum mechanics, being the first student to be a UTA for multiple classes. Outside the classroom, they’ve been involved 
in physics outreach for K-12 students through classes and outreach leadership positions in the Society of Physics Students at VT and the 
VT College of Science Student Ambassador Team. Fir has also contributed to the creation of multiple educational resources including 
revising a draft of a quantum information textbook and creating guides for their peers in various physics and mathematics topics. This 
combination of interests in researching quantum mechanics and sharing their love for it with others culminates in their goal of becoming 
a physics professor. After graduate school in physics, Fir hopes to obtain a tenure-track professorial position in theoretical quantum 
information physics. Their ultimate goal is to advance our understanding of the foundations of quantum mechanics---especially in areas 
such as measurement---and teach quantum mechanics to the next generation of scientists.  

____________________________________________________________________________________________________________________________

Raihanna Terrell
Spelman College
Morehouse School of Medicine

Investigating the Association Between ABCA7 Genetic Variants and Alzheimer’s Disease Risk in African Americans Using 
the All of Us Research Program 
Alzheimer’s disease (AD) is the most common cause of dementia and disproportionately affects African American populations, who 
have a higher risk of developing the disease than other racial and ethnic groups. Although the APOE gene is the strongest known genetic 
risk factor for late-onset AD, research has shown that variants in ABCA7 may also play an important role, particularly in individuals of 
African ancestry. However, many genetic studies have focused primarily on populations of European descent, leaving important gaps in 
our understanding of ancestry-specific risk factors. 
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This study aims to investigate the relationship between ABCA7 genetic variants and AD in African American participants using genomic 
and electronic health record data from the All of Us Research Program. We will identify individuals carrying ABCA7 variants and 
compare the frequency of these variants between participants with and without an AD diagnosis. Statistical analyses will be performed 
to determine whether specific ABCA7 variants are associated with an increased risk of AD. 

We hypothesize that African American participants carrying potentially damaging ABCA7 variants will have a higher likelihood of 
developing AD compared with non-carriers. By examining these ancestry-specific genetic differences, this project seeks to improve our 
understanding of AD biology and contribute to more inclusive genetic research. Ultimately, these findings may help support future efforts 
to improve risk prediction and develop more personalized approaches to Alzheimer’s disease prevention and treatment. 

About Raihanna
Raihanna Terrell is a Biology major with a concentration in Neuroscience at Spelman College and is pursuing a Master of Science in 
Neuroscience through the Morehouse School of Medicine B.S./M.S. Neuroscience Program. As an aspiring physician-scientist, she 
is passionate about understanding the biological and social factors that contribute to health disparities and using research to improve 
patient care. 

As a master’s student at the Morehouse School of Medicine, Raihanna is conducting her thesis research under the mentorship of 
Dr. Sharon Owino to examine the relationship between ABCA7 genetic variants and Alzheimer’s disease risk in African American 
populations using the All of Us Research Program. Her research aims to identify ancestry-specific genetic variants associated with 
Alzheimer’s disease and improve our understanding of how genetic diversity contributes to disease susceptibility. Through this work, she 
hopes to advance more inclusive approaches to precision medicine and reduce disparities in neurological disease research. 

Previously, Raihanna participated in the University of Rochester Medical Center’s Summer Undergraduate Research Fellowship 
(SURF), where she currently serves as a research assistant in the SHAYDES Lab at the University of Rochester, contributing to projects 
focused on the mental and sexual health needs of adolescent and young adult cancer survivors. These experiences strengthened her 
interests in neuroscience, genetics, translational research, and health equity while developing her skills in scientific literature review, 
data analysis, and collaborative research.   

Following graduation, she plans to pursue an M.D./Ph.D. at the University of Rochester School of Medicine and Dentistry and build 
a career as a physician-scientist investigating the genetic and environmental factors that contribute to neurological disease while 
providing compassionate, patient-centered care. Through both research and medicine, she hopes to advance health equity and 
improve outcomes for underserved communities. 

____________________________________________________________________________________________________________________________

Jasmine  Trotter
University of Southern California

Development of a Ductile High-Performance Solid Propellant for Complex Grain Geometries
Solid rocket motors are traditionally designed with simple cylindrical grain geometries that provide predictable burn behavior and 
straightforward manufacturing. This research investigates the development of a high-performance solid propellant system capable 
of supporting complex internal grain geometries, specifically finocyl ports, to tailor thrust profiles while maintaining structural integrity 
throughout manufacturing and operation.

The project began by evaluating alternative port geometries and their effects on burn area evolution, chamber pressure, and 
thrust profile using internal ballistic simulations based on the Fast Marching Method. Compared with cylindrical grains, finocyl 
geometries can produce more desirable neutral burn characteristics but introduce significant manufacturing challenges due to 
sharp internal features that concentrate mechanical stresses. Conventional hydroxyl-terminated polybutadiene (HTPB)-based 
propellants formulated with methylene diphenyl diisocyanate (MDI) often exhibit high stiffness and brittleness after cure, making 
them susceptible to cracking during demolding, handling, and thermal cycling. Such defects can substantially alter the burn surface, 
resulting in unpredictable motor performance.

To address these limitations, this work investigates reformulating the binder system using isophorone diisocyanate (IPDI) as an 
alternative curative. Differences in molecular structure, crosslink density, and cure kinetics between MDI and IPDI are evaluated to 
develop a more ductile propellant capable of being vacuum cast into complex molds while preserving sufficient mechanical strength for 
launch environments. In parallel, aluminum loading is optimized to increase theoretical specific impulse (Isp) by enhancing combustion 
temperature and energy release, while balancing the effects on viscosity, processability, and combustion efficiency.
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The resulting propellant formulations are characterized through rheological, mechanical, and processing evaluations to determine their 
suitability for casting intricate grain geometries. Combined with internal ballistic simulations, this work seeks to establish an integrated 
relationship between propellant chemistry, manufacturing constraints, grain geometry, and motor performance. The research provides 
a framework for producing mechanically robust, high-performance solid rocket motors with tailored thrust profiles, advancing the 
capability of student-built and experimental launch vehicles

About Jazzie
Jazzie Trotter is a senior pursuing a Bachelor of Science in Mechanical Engineering. She serves as Propulsion Lead of USC’s Rocket 
Propulsion Laboratory, supporting the development, manufacturing, and testing of solid rocket motors. Jazzie has completed 
aerospace internships with Alaska Aerospace Corporation, Lockheed Martin Aeronautics, and SpaceX. At Alaska Aerospace, 
she designed an integration plan for an Automated Flight Safety System at the Pacific Spaceport Complex, Alaska. During her 
internship with Lockheed Martin’s Flight Test Engineering team, she developed a propulsion data-processing tool to calculate 
aircraft energy expenditure for mission planning. She is currently a propulsion intern at SpaceX, supporting the manufacturing 
of Raptor engine nozzle and chamber assemblies. Beyond engineering, Jazzie re-established the USC chapter of the American 
Institute of Aeronautics and Astronautics (AIAA) after years of inactivity and serves as its President. She also volunteers with the 
USC Viterbi K-12 STEM Center and founded a 501(c)(3) scholarship foundation that provides financial support and mentorship 
opportunities for rural students pursuing STEM in Alaska, her home state. After graduation, she hopes to attend MIT’s Leaders for 
Global Operations program and ultimately become an astronaut. 

____________________________________________________________________________________________________________________________

Joshua Woolf 
Utah State University
ASPIRE

Waste Heat Recovery System for Electric Vehicle Wireless Charger	  
Thermal management of waste heat is an increasingly important topic as EV chargers, data centers, and power electronics continue to 
develop and expand. While rejecting waste heat is a critical function for the electronics industries, capturing waste heat in storage for 
reuse becomes increasingly desirable. Stored low-grade heat can be used in various applications such as preheating fluids for industrial 
applications, HVAC, and domestic water heating among others.  
 
One of the most effective and promising emerging technologies for cooling power electronics is immersion cooling. Through the boiling 
process, two-phase cooling enhances heat transfer with the electronics. In contrast, phase change materials (PCM) provide a passive 
cooling approach while enabling the storage of waste heat. However, PCM typically have poor heat transfer properties. This means 
that PCM need enhancements to effectively transfer heat. This research seeks to combine both technologies into one system, taking 
advantage of immersion cooling’s effective heat transfer and PCM’s effective heat storage. This can greatly reduce thermal management 
energy costs and provide a source of stored thermal energy for reuse.  
 
The system is being developed for ASPIRE research center’s one-megawatt wireless charger. First, a prototype experimental setup 
is designed and created. Immersion cooling is used to cool a heated surface. PCM is used to condense fluid vapor, thus storing the 
waste heat. Experimental data such as temperature, pressure, heat transfer rate and energy stored is collected and used to evaluate 
the effectiveness of the system. The liquid used for the current immersion cooling study is distilled water, and the PCM used is paraffin 
wax. PCM is expected to be the limiting factor for heat transfer performance in the system. So, the experimental setup is designed to 
test different heat exchangers between the immersion cooling fluid and the PCM. The various heat exchangers are designed to show if 
increasing the area for heat transfer in contact with PCM improves the performance of the system.  
 
The initial experimental results intend to show proof of concept for the waste heat recovery system. After experimental data is collected, 
a dynamic model of the experimental setup will be developed using Simulink. The model is then validated using experimental data. 
After that, the model is then scaled up and used to predict the optimal design and effectiveness of the waste heat recovery setup for the 
one-megawatt wireless charger.  

About Josh
Josh Woolf is a rising senior at Utah State University (USU), studying mechanical engineering and international studies. He began 
conducting research during his freshman year when he was accepted into the Grand Challenge Scholar Program to do research related 
to NAE’s grand challenge of making solar energy economical. Since then, Josh has worked with Dr. Hailei Wang in USU’s Energy 
Technology Research & Innovation (eTRI) lab.  
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In the eTRI lab, Josh works with the ASPIRE research center on the thermal management of a one-megawatt EV wireless charger 
through immersion cooling and phase change material (PCM) passive cooling. As part of his work, he assisted in developing a boiling 
curve for an engineered fluid on a ferrite surface and characterizing melting PCM at high heat fluxes. His work on these projects included 
designing and building physical setups for experimental data collection. Josh’s current research focuses on designing and modeling a 
system that combines immersion cooling and PCM for wireless charger thermal management and waste heat recovery. 
 
Josh also enjoys working in USU’s mechanical engineering material science, instrumentation, and thermofluids labs, where he designs 
new instructional experiments for student courses. Some of his favorite projects include building a small 3D printed wind tunnel and a 
piston cylinder lab apparatus for the thermodynamics class. Additionally, he helps his peers with equipment and instrumentation for their 
course, senior design, personal, and research projects. 
 
Josh’s interest in energy stems from his love of people and the outdoors. His goal is to contribute to sustainable energy solutions that 
are viable for people and the planet. He believes that international studies makes him a better engineer and scientist by helping him 
understand diverse populations and their unique needs. He hopes to use his skills in engineering to contribute to a global future of safe, 
secure, reliable, and abundant energy. In his free time, Josh spends time with his wife, family, and friends. He loves reading, playing 
sports, hiking, and spending time outdoors.  
 
After finishing his undergraduate degree, Josh plans to pursue a PhD in mechanical engineering with research related to nuclear power 
and energy systems. He plans to pursue a research career in Utah’s rapidly growing nuclear and energy sector.  

____________________________________________________________________________________________________________________________

Samuel  Woolsey
Georgia Institute of Technology
University of British Columbia

Modeling of Wake Effects in Floating Offshore Wind Farms Using Artificial Neural Networks  
Offshore wind, with its more reliable and higher speed wind resources, presents an opportunity for abundant, low-carbon energy. 
Floating offshore wind farms (FOWFs) are of particular interest, because much of the available seabed for wind energy is deeper than 
60 meters and too deep for current fixed-bottom offshore wind turbines. Despite the benefit of greater wind resources, FOWFs remain 
uncompetitive with onshore wind or fossil fuels due to harsh conditions and maintenance challenges. One approach to make FOWFs 
more cost-effective is to increase power output while decreasing maintenance costs through control systems which minimize the “wake 
effect” of one turbine on another. The wake effect, the phenomenon by which downstream turbines experience lower wind speeds and 
higher turbulence intensity, can reduce power production from individual downstream turbines by up to 60%, while reducing power 
production from an entire wind farm by up to 54% [1]. The ability of floating turbines to reposition using aerodynamic forces creates 
a unique optimization challenge in mitigating this wake effect. In the literature, a variety of model-based control algorithms have been 
shown to mitigate power losses and blade damage associated with turbulent wakes. However, the current analytical and numerical 
modelling of wind farms is not fast enough for real time control and optimization. 

This research develops a method for wake effect modeling of FOWFs using artificial neural networks, allowing real time optimization 
to maximize power and minimize fatigue loading. Two approaches, one using a feed forward network (FFN) and the other a graph 
attention network (GAT), are developed and compared to the FLORIS low-fidelity wake model developed by the National Laboratory 
of the Rockies. Both models are trained using simulation data collected with a version of FLORIS modified to capture the effects of 
repositioning. A FFN is developed to serve as a simple baseline of the potential of machine learning as compared to FLORIS. Model 
parameters such as layer number and size, optimizer, learning rate, training time, and training data are all tuned to improve the 
performance of the model. A GAT is a type of neural network well-suited for graph structured data, such as a wind farm laid onto a 
grid. The GAT is developed as a proposed alternative to the FFN, following the example developed for fixed-bottom turbines described 
in Kadoche et al. [2]. Preliminary results show potential for the GAT approach to match the accuracy of low-fidelity wake models like 
FLORIS with dramatic reductions in query time.

About Sam
Sam Woolsey is a fourth-year undergraduate student from Blacksburg, VA studying mechanical engineering at the Georgia Institute 
of Technology. His most recent undergraduate research focuses on demonstrating surfactants as a drop-in solution to increase heat 
transfer in nonpolar, two-phase flow. Sam is passionate about developing technology for clean, efficient energy generation. He has 
a diverse background in low-carbon energy, including an internship in wind engineering at GE Vernova, an internship in wind farm 
control at the University of British Columbia, and two years leading Georgia Tech Solar Racing, a solar vehicle design team. Sam has 
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also presented his research at the 2025 ASME Summer Heat Transfer Conference. Sam has received two Georgia Tech President’s 
Undergraduate Research Awards and is a 2026 Fulbright Canada-Mitacs Research Scholar. In his spare time, Sam enjoys riding his 
bike and playing the drums. 

____________________________________________________________________________________________________________________________

Sophia Zhou
University of Kentucky

Environmental Influences on Insect Physiology: From Computational Thermal Tolerance to RNAi Efficacy 
Global warming and the increasing frequency of extreme weather events are reshaping insect distributions and accelerating pest 
outbreaks, posing unprecedented challenges to global agriculture. At the same time, RNA interference (RNAi) has emerged as a 
promising, environmentally friendly alternative to conventional chemical insecticides. However, because RNAi depends entirely on the 
target insect’s cellular machinery, its efficacy is highly sensitive to environmental conditions. Understanding how temperature influences 
RNAi performance is therefore essential for developing resilient and sustainable pest management strategies. 

To address this challenge, I integrate computational biology, molecular genetics, and systems biology to establish a multi-scale 
framework linking organismal thermal tolerance with the molecular mechanisms underlying RNAi efficacy. I first optimized DIME 
(Detector of Insect Motion Endpoint), an open-source Python platform that automatically quantifies insect critical thermal maxima 
(CTmax). DIME processes behavioral data 6–9 times faster than manual scoring while maintaining comparable accuracy, providing a 
scalable platform for evaluating thermal stress across diverse arthropod species. Building on this phenotypic framework, I investigated 
how temperature influences RNAi efficacy using the Colorado potato beetle, Leptinotarsa decemlineata, one of the world’s most 
destructive agricultural pests. Bioassays demonstrated that lower temperatures substantially reduced RNAi efficacy. Unexpectedly, this 
decline occurred independently of the expression of core RNAi pathway genes, suggesting that transcriptional abundance alone cannot 
explain the plastic phenotypic response, exposing a critical knowledge gap regarding the downstream biochemical variables driving 
RNAi susceptibility.  To fill the gap, my ongoing and future work transitions from targeted gene panels to holistic multi-omicsapproaches. 
By integrating high-throughput RNA-sequencing with untargeted metabolomics, I am planning to map the systemic interplay between 
temperature-dependent transcriptomic shifts and downstream metabolic profiles. This comprehensive approach allows us to model 
how thermal variation simultaneously alters larval metabolic demands, such as feeding and ingestion rates, and post-translational 
biochemical pathway kinetics, finally uncovering the exact functional drivers of temperature-dependent biotechnology performance.   

By bridging computational thermal biology with functional genomics and systems-level metabolism, my research establishes a predictive 
framework for understanding how environmental conditions influence biotechnology performance in insects. These discoveries will 
improve the reliability of RNAi-based pest management across diverse climates, reduce the risk of climate-driven control failures, and 
support the development of sustainable agricultural technologies that strengthen global food security.

About Sophia
Sophia K. Zhou is an Honors undergraduate at the University of Kentucky (UKY) pursuing a Bachelor of Science in Agricultural and 
Medical Biotechnology with a minor in Mathematics. Her research centers on understanding how environmental stressors shape 
biological systems and influence the performance of emerging biotechnologies. By integrating molecular genetics, developmental and 
evolutionary biology, and computational approaches, she investigates the mechanisms governing organismal resilience to develop 
innovative solutions for agriculture and global food security. 
 
Zhou began her scientific training as a high school junior in Dr. Nick Teets’ Insect Stress Biology Laboratory, where she helped develop 
an open-source, Python-based motion detection platform to quantify insect thermal limits. This work contributed to a co-authored 
publication in the Journal of Experimental Biology and sparked her interest in the molecular mechanisms underlying environmental 
adaptation. Since entering college, her research has evolved from developing computational tools to investigating the molecular basis 
of stress tolerance. Her independent undergraduate research examines how temperature influences the efficacy of RNA interference 
(RNAi) in the Colorado potato beetle, a globally destructive agricultural pest. Motivated by the need to improve RNAi-based biopesticides 
under increasingly volatile climatic conditions, she has expanded her work from targeted RT-qPCR analyses to transcriptome-wide RNA 
sequencing to uncover regulatory networks governing RNAi performance. Her current research focuses on the temperature-dependent 
regulation of RNAi targeting PSMB5, the proteasome subunit associated with the first commercialized sprayable RNAi pesticide. 
 
Zhou’s research accomplishments have been recognized through highly competitive national awards. She was selected as a Barry 
Goldwater Scholar during her sophomore year and an Astronaut Scholar during her junior year. Her external research experience 
includes two appointments at Harvard University. As an undergraduate research fellow, she investigated detoxification pathways and 
host specialization in Drosophila using comparative metabolomics and CRISPR/Cas9 genome editing. She later returned as a Howard 
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Hughes Medical Institute Cech Fellow to investigate the genetic and developmental mechanisms governing hindgut invagination 
and morphogenesis in the field cricket, Gryllus bimaculatus. Expanding her expertise in computational biology, she also served as 
an Artificial Intelligence in Medicine Fellow, developing structure-aware protein language models using contrastive learning to predict 
protein phosphorylation sites and integrating machine learning with experimental biology.  
 
An accomplished presenter, Zhou has delivered numerous research presentations at regional and national conferences. She 
earned first place in the Student Ten-Minute Paper Competition at the Entomological Society of America (North Central Branch) and 
was a member of the first-place team in the UKY Global Health Case Competition. Beyond research, she is committed to scientific 
leadership and community engagement. She serves as an Undergraduate Research Ambassador for the University of Kentucky Office 
of Undergraduate Research and as Co-President of the UKY Chinese Club. Since 2019, she has also designed curricula and taught 
visual arts for the Chinese School of the Kentucky Chinese American Association, combining her lifelong interests in art, education, and 
nature. Zhou plans to pursue a Ph.D. and lead an interdisciplinary research program focused on uncovering the regulatory architecture 
of stress adaptation to develop sustainable technologies that strengthen global food security. 

Not Presenting During Technical Conference __________________________________________

Cristian Barinaga
Purdue University

About Cristian
Cristian Barinaga is a fourth-year Electrical Engineering student at Purdue University. He is Cuban-American, he was born in Belgium, 
and he grew up in Houston, Texas. A tinkerer and inventor from a young age, Cristian gravitated toward batteries, motors, and chips, 
connecting them however possible. 

His first invention, in 7th grade, was a medical device using vibration motors to stimulate skin around a puncture site, distracting the 
user from needle pain. He presented it at TMCx. Having found his passion for inventing, he started his first business before high school: 
The Bottle Tote, a 3D-printed stretchable ring with a carabiner clip that slid onto plastic water bottles, making them easier to carry and 
encouraging reuse and recycling. 

Cristian attended Strake Jesuit College Preparatory, during which he found and explored his love for engineering, taking courses in 
microcontroller applications and programming. Prior to his senior year of high school, he interned at Johns Hopkins University Applied 
Physics Laboratory, modeling two-dimensional passive radar and gaining hands-on software-defined radio experience. Cristian 
graduated as valedictorian of his class, and received the Stamps Scholarship to attend Purdue University. 

His first college internship was with the US Navy, where he extended his signal processing experience and built automated testing 
infrastructure for jamming a dynamic list of threats. Since then, Cristian has pivoted into big tech, aiming for edge-AI hardware. He 
spent last summer building NVIDIA’s internal AI dashboard infrastructure and is finishing another internship there on the CPU memory 
subsystem, analyzing regressions and documenting a chiplet containing over 10 million submodules. 

At Purdue, Cristian is heavily involved in biomedical and electrical engineering research. He is published in Advanced Science for using 
computer vision to accelerate bio-polymer characterization and testing, and in Annals of Biomedical Engineering for the firmware and 
circuit design of a novel aneurysm occlusion device using a phase-change material. He first-authored a conference paper on building a 
neural network directly into analog hardware, validating on-device inference and learning, and traveled to Colombia to present the work. 

Cristian’s journey is distinguished by its international emphasis. A wildlife photographer, he spent his second-year spring semester 
studying abroad in Southern Argentina and Antarctica photographing penguin species, using the opportunity to study polar food web 
stability, extrapolating his results to neural network compression — work he is preparing for publication. 

Most recently, he studied abroad this past spring in Madrid, Spain, where he worked in a nanophotonic characterization and design 
lab, developing an MZI-based circuit design, layout synthesis, and frequency-response tool for a group preparing a photonic integrated 
circuit for 6G deployment in Europe. 

Completing his final undergraduate year, Cristian hopes to begin a master’s at Cambridge University in the Physics-Inspired (PI) 
Computing group, specializing in neuromorphic computing with a path toward a Ph.D. Cristian wants to continue to grow his international 
research network and drive impactful projects in the edge-AI space, bringing novel computing methodologies to meet off-network 
computing needs. 
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Julia Coric
Washington University in St. Louis 

About Julia
Julia Coric is a rising senior at Washington University in St. Louis pursuing a Bachelor of Arts in Chemistry with a concentration in 
Biochemistry and a minor in Spanish. She is fascinated by the intersection of biochemistry and musculoskeletal research, particularly 
how molecular discoveries can be translated into therapies that help people maintain mobility throughout their lives. Her long-term 
goal is to investigate the biological mechanisms underlying musculoskeletal disease and tissue regeneration, ultimately contributing to 
therapies that preserve mobility and improve quality of life. 
 
Julia’s passion for research grew during the summer of 2025, when she joined Dr. Kaelyn Sumigray’s laboratory at Yale School of 
Medicine. There, she studied how stem cell differentiation contributes to the development of the small intestinal epithelium using 
genetically modified mouse models. She now conducts research in Dr. Alexander Knights’ Joint Crosstalk Laboratory at Washington 
University, where she investigates cellular signaling pathways involved in osteoarthritis. Her current work explores how the mechanical 
properties of a cell’s environment influence Wnt signaling in synovial fibroblasts, offering insight into how joint tissues respond to injury 
and degeneration.  
 
Outside the laboratory, Julia values opportunities to build community and help others stay engaged, active, and connected. One of 
the most meaningful parts of her college experience has been serving as a coach with WashU’s Bear Cubs Running Team, where she 
spends each week running, playing games, and participating in team activities alongside neurodivergent children. For nearly two years, 
she has mentored the same second-grade athlete, watching him grow in confidence and develop a love of movement. Her passion for 
building relationships across communities has led her to volunteer in the pediatric units at Yale New Haven Hospital and to work as a 
medical scribe at Casa de Salud, a clinic serving the refugee and immigrant communities of St. Louis. These experiences have given her 
the opportunity to use her Spanish in meaningful ways while connecting with patients from a wide range of backgrounds. Together, these 
experiences have reinforced her belief that science has its greatest impact when paired with empathy, collaboration, and a genuine 
investment in the communities it serves. 
 
Julia is also a member of the Washington University women’s track and field team, where she has contributed to multiple NCAA Division 
III championship teams. Her experiences as a student-athlete have shaped the way she approaches challenges, teaching her the 
importance of perseverance, collaboration, and continual growth. 
 
Growing up in a Croatian family, Julia was inspired by stories of resilience and sacrifice that instilled in her a deep appreciation for 
education and a determination to make the most of every opportunity she has been given. She hopes to spend her career advancing 
scientific discovery while mentoring future scientists and contributing to a research community where curiosity, generosity, and shared 
knowledge drive innovation. Julia is honored to join the Astronaut Scholarship Foundation community and looks forward to learning from 
a network of scholars dedicated to expanding the frontiers of science. 

____________________________________________________________________________________________________________________________

Kyle Coutray
University of Central Florida

About Kyle
Kyle Coutray is a student researcher, engineer, and aspiring neuroengineer focused on building technology that helps restore human 
ability and improve patient care. He is pursuing dual degrees in Computer Engineering and Biomedical Sciences at the University of 
Central Florida’s Burnett Honors College, where he is also part of the Medicine-Engineering Dual Degree program. 
 
Kyle’s work sits at the intersection of neuroscience, engineering, and medicine. He has developed brain-computer interface and virtual 
reality systems that use brain signals, eye tracking, and movement data to create new ways for people to interact with technology. His 
research has led to first-author publications on neuroscience software and hands-free interaction in virtual reality. 
 
Professionally, Kyle has worked across medical technology, embedded systems, and advanced hardware development. At 
Paradromics, he helps build automated testing systems for implantable brain-computer interface technology. Previously, he contributed 
to neuroscience research at Vanderbilt University and UCF, as well as electrical engineering work at Lockheed Martin. 
 
Through his work, Kyle is driven by a central goal: to help move neurotechnology from research prototypes into reliable tools that can 
make a real difference in people’s lives. 
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Carys Daly
Florida Institute of Technology

About Carys
Carys Daly is a dynamic rising senior at Florida Institute of Technology with a strong record of academic excellence, leadership, technical 
achievement, and service. She is majoring in Mechanical Engineering with a concentration in Energy Systems and has maintained 
Dean’s List standing throughout her college career. Carys is a recipient of the Astronaut Scholarship, the ASME Mary Theresa Druin 
Scholarship, the Florida Academic Scholarship, and the Panther Fund Academic Scholarship. She is a member of Tau Beta Pi, Phi Eta 
Sigma, and Gamma Sigma Alpha honor societies, holds a National Association of Rocketry Level 1 Certification, and has earned the 
Global Seal of Biliteracy in Spanish. 

Beyond the classroom, Carys serves as President of Florida Tech’s American Society of Mechanical Engineers (ASME) chapter after 
serving as Vice President and Secretary. Carys helped coordinate the return of Florida Tech student research presentations at the 
International Mechanical Engineering Congress & Exposition (IMECE) after a multi-year absence, and under her leadership tenure, 
chapter engagement has increased significantly. Carys serves as Philanthropy Chairwoman and New Member Education Assistant for 
Gamma Phi Beta, leading service initiatives and mentoring fellow students. 

Carys’s technical experience includes developing a graduate-level MATLAB and Simulink model of a DC motor system, applying 
engineering principles to real-world accessibility modifications for her father during a serious medical crisis, and developing practical 
problem-solving, project management, and leadership skills through hands-on technical work as an Audio-Visual Technician at Florida 
Tech’s Gleason Performing Arts Center. 

Following graduation, Carys will serve as a Surface Warfare Officer through the Naval Nuclear Propulsion Officer Candidate (NUPOC) 
Program. Upon completion of Officer Candidate School and an initial fleet assignment, she will undergo advanced nuclear engineering 
training before qualifying as an Engineering Officer of the Watch aboard a nuclear-powered aircraft carrier. Through her commitment to 
engineering, leadership, excellence, and service, Carys aims to apply technical expertise to mission-critical challenges while leading 
others in high-stakes environments.

____________________________________________________________________________________________________________________________

Noor Harwell
Howard University

About Noor
Noor Harwell’s path to mathematics started in an unexpected place: her final month of high school, watching a guest speaker 
explain how differential equations could optimize HIV treatment dosages. That talk revealed to her that mathematics could be a tool 
for equitable healthcare, not just an abstract exercise on a whiteboard. This realization has shaped her academic and professional 
trajectory ever since. 

Now a junior applied mathematics major at Howard University, Noor is drawn to mathematical and computational methods that address 
real-world challenges, with particular interest in using biomathematics to address health disparities in marginalized communities. Last 
semester, she participated in a directed research course with Dr. Yeona Kang, learning to interpret mathematical models of dynamic 
brain PET images and to translate these models into Python code. This project deepened her conviction that mathematics can turn 
clinical data into real insight. 

That conviction also drew her to Argonne National Laboratory in summer 2025, where she spent ten weeks under the mentorship of Dr. 
Archit Vasan, using discrete diffusion and protein-language models to predict protein-ligand interactions with the goal of advancing AI-
driven drug discovery. The project was her first hands-on encounter with machine learning, and it sparked both a deeper curiosity about 
the math underneath these models and a strong sense of the ethical responsibility that comes with building them. 

This summer, Noor is applying that same analytical instinct to a new domain, interning at LACERA, the Los Angeles County Employees 
Retirement Association. She discovered this path through Girls Who Invest, a program that introduces women, who might not otherwise 
have known about the field or had access to its opportunities, to the investment management industry. Noor is excited to apply her 
curiosity, research spirit, and knack with numbers toward investment decisions that help ensure long-term financial security for the 
public servants who depend on the pension fund. 
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Across every field she enters, Noor is guided by the same belief: that mathematical methods can be a powerful tool for tackling real-world 
challenges. Her long-term goal is to contribute to quantitative research that improves public health and wellbeing, joining organizations 
invested in the common good. 

____________________________________________________________________________________________________________________________

William Stratton Knuth
The Citadel

About Stratton
William “Stratton” Knuth is a rising senior cadet at The Citadel, The Military College of South Carolina. Stratton strives for excelling the 
Mathematics department at The Citadel, being the Math Club’s President and tutoring students in all math courses, with emphasis 
in Calculus 1. He has done research in number theory, leading to published contributions in peer-reviewed journals, with upcoming 
aspirations in pure math. He also aspires in many other topics, such as, Spanish, Fine Arts, AI and Machine Learning, and Surveying. 
Stratton is also a part of The Citadel’s Sigma Delta Pi, Running Club, and Triathlon Club, with aspirations to run his first triathlon in the 
upcoming school year. 

____________________________________________________________________________________________________________________________

Sara McGinnis
Miami University

About Sara
Sara McGinnis is a Physics major with an Environmental Science co-major and a minor in Spanish at Miami University. Throughout 
her undergraduate career, she has pursued various research opportunities across several areas of physics including quantum optics, 
quantum materials, and remote sensing for oceanographic applications.  
 
During her time in quantum optics, she worked on a project aiming to achieve efficient Brownian ratcheting in an arbitrary direction. 
She also worked on the development of a portable, inexpensive Raspberry Pi-Based IR Viewer for classroom use where she helped to 
assess the usability of the device in order to improve accessibility for first-time researchers.  
 
Sara began her research in quantum materials working with Ta thin-films where she helped study the effects of changes in interface, 
surface, and material quality on quality factors of superconducting resonators by characterizing Ta(111) thin-films with AFM to establish 
morphology–thickness relationships. Later on, she began her work with the Bi4Se3 system where she contributed to the identification 
and characterization of higher-order topological (HOT) states in Bi₄Se₃ and demonstrating their robustness under ambient conditions. 
Building on this work, she began to lead her own project investigating the effects of breaking time-reversal symmetry via magnetic 
alloying on higher-order topological states of Bi4Se3 with potential applications in spintronics and quantum sensing.  
 
In her remote sensing work, she worked at the University of Hawai`i at Mānoa where she assessed the accuracy of shark-borne 
temperature and depth transmitters by comparing measurements collected by tagged tiger sharks with ocean model output and Argo 
float data. 
 
Outside of research, Sara enjoys a variety of artistic outlets including painting and drawing. She also enjoys a wide range of sports 
including soccer, tennis, swimming, and volleyball. At Miami University, she is a peer mentor in the Physics department and a student 
ambassador for the College of Arts and Science. She is also involved in Society of Physics Students, Toastmaster International-Miami 
Chapter, and intramural soccer.   
 
Through her research experiences, Sara has developed a strong interest in the various applications of quantum sensing, particularly for 
environmental monitoring. In the upcoming academic year, she plans to continue her work with the Bi4Se3 system. After completing her 
undergraduate degree, she plans to earn a Ph.D. in Physics with a focus on quantum sensing. 
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Anisha Menezes
Texas A&M University

About Anisha
Anisha Menezes is a rising junior at Texas A&M University, where she is pursuing a B.S. in Computer Science with minors in 
Cybersecurity and Music. Her research focuses on developing artificial intelligence systems that enable proactive cyber defense by 
anticipating emerging threats rather than reacting to past attacks. As a first-year undergraduate, Anisha worked on a research project 
on the impact of generative AI on phishing attacks under the mentorship of Professor Shreyas Kumar. The project resulted in the peer-
reviewed publication What The Phish! Effects of AI on Phishing Attacks and Defense. She later co-authored Impact of AI in Social Media: 
Addressing Cyber Crimes and Gender Dynamics, expanding her research to examine the role of AI in online safety and cybercrime. 

Beyond her own research, Anisha is passionate about building research communities. She is a founding member and mentor in 
AGGIES Research Lab, where she mentors more than 50 undergraduate researchers, and she founded the Aggie Undergraduate 
Research Association (AURA) to connect students with faculty mentors and provide early exposure to research across disciplines. She 
also serves as a research assistant in the Social Media and Resilient Teens (SMART) Program, contributing to a longitudinal study on 
adolescent mental health through qualitative research and data infrastructure development. 

Outside the classroom, Anisha directs the Ingeniare STEM Symphony and Chorus as principal bassoonist and conductor. She also 
serves with Aggie Anchors as a certified Mental Health First Aid instructor, promoting mental health awareness across the Texas A&M 
community. Following graduation, Anisha plans to pursue a Ph.D. in cybersecurity and conduct research at an industrial research 
laboratory or federally funded research and development center, advancing AI-driven technologies that strengthen national security and 
protect critical infrastructure.

____________________________________________________________________________________________________________________________

Tyrah Weems
Morgan State University

About Tyrah
Tyrah Elaine Ramsey Weems is a biology major, chemistry minor at Morgan State University (MSU), where she maintains a 3.99 GPA as 
a Martin D. Jenkins Scholar in the Clara I. Adams Honors College and competes asan NCAA Division I student-athlete on the women’s 
volleyball team. An aspiring physician-scientist, she is passionate about advancing translational biomedical research, improving patient 
care, and addressing healthdisparities through scientific discovery, clinical service, and leadership. 

Tyrah has developed a strong research foundation through experiences at the University of Maryland School of Medicine and the Johns 
Hopkins University School of Medicine (JHUSOM). As a two-time JHUSOM Basic Science Institute Summer Undergraduate Research 
Intern and Vivien Thomas Scholars Initiative Summer Fellow, she has conducted independent research in both the Department of 
Neurology and the Bloomberg School of Public Health’s Department of Biochemistry and Molecular Biology. Her first independent 
research project focused on developing novel non-contrast MRI techniques to detect neurological disease by measuring blood-brain 
barrier permeability in chronic HIV patients. Her current independent research investigates age-associated alterations in mitochondrial 
dynamics during metastatic melanoma progression, examining the balance between FIS1-mediated mitochondrial fission and 
MFN2-mediated mitochondrial fusion to identify potential therapeutic targets for advanced melanoma. She has presented her work 
through numerous scientific posters and oral presentations while gaining experience inmolecular biology, genomics, bioinformatics, 
and translational research. 

Beyond research, Tyrah serves as an Adult Emergency Department Volunteer and Volunteer Trainer at Johns Hopkins Hospital, where 
she works alongside multidisciplinary healthcare teams at a Level I trauma center while gaining valuable clinical experience. She has 
also accumulated more than 120 hours of operating room shadowing across multiple surgical specialties and healthcare systems, 
strengthening her commitment to a career in medicine. Additionally, she holds certifications in CPR, phlebotomy, and emergency 
medical technician (EMT) skills and is fluent in both English and Spanish. 

A dedicated leader and mentor, Tyrah has served as President of Morgan State University’s Student-Athlete Advisory Committee 
(SAAC), First Vice President of the National Society of Black Women in Medicine(NSBWM), Treasurer of the Alpha Delta Chapter 
of Alpha Kappa Alpha Sorority, Incorporated, and a Peer BEARS Mentor supporting first-year biology and pre-professional students. 
She is also the chartering president of Morgan State University’s chapter of the Minority Association of Pre-Medical Students (MAPS) 
under the Student National Medical Association (SNMA), establishing the university’s first official and permanent partnership 
between Morgan State pre-medical students and Johns Hopkins medical students. 
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As both a scholar and Division I student-athlete, Tyrah is passionate about redefining what it means to excel beyond athletics. She 
believes student-athletes should be empowered to pursue ambitious careers, research, leadership, and service alongside their athletic 
commitments, challenging the expectation that they be defined solely by their sport. Her most recent accomplishments include 
selection as a 2026 Astronaut Scholar, a 2026Arthur Ashe Jr. Female Athlete of the Year Sports Scholar Award semifinalist, and three-
time MEAC All-Academic Team awardee. Through her work, Tyrah strives to inspire future scholars and student-athletes to pursue 
excellence without limits.  

____________________________________________________________________________________________________________________________

India White 
Mississippi State University

About India
India Alexandria White is a rising senior majoring in Biomedical Engineering at Mississippi State University. Originally from Saltillo, 
Mississippi, her childhood love for science and engineering transformed into a lifelong passion when she discovered that STEM could 
be applied to medicine to provide a deeper level of service to patients in need. After witnessing the heartbreaking limitations of modern 
medicine through the cancer-related tragedies that have touched her family throughout her life, she became determined to develop the 
cures and treatments that could prevent families from experiencing similar loss. 

This mission, coupled with the unwavering support of her family, most notably her parents, motivated India to begin building the 
foundation for a career in research at an early age. During high school, she attended the Mississippi School for Mathematics and 
Science, where she sought out research opportunities, beginning with the A.R.I.S.E. program at the University of Mississippi. Through 
this experience, she gained a strong foundation in current cancer treatment strategies while developing an appreciation for the need to 
advance less toxic and less invasive therapeutic approaches, such as immunotherapies. 

As an undergraduate, India has expanded her research experience across a broad range of biomedical engineering and cancer biology 
projects at several well-established institutions. Her work has included biomaterials for tissue engineering and orthopedic medical 
device development at Mississippi State University, as well as and translational cancer research focused on aggressive cancers such 
as triple-negative breast cancer at The University of Alabama at Birmingham and renal medullary carcinoma at The University of Texas 
MD Anderson Cancer Center. 

Her research efforts have resulted in three poster presentations and three manuscripts currently in preparation. They have also earned 
her additional prestigious honors alongside the Astronaut Scholarship, including the Barry Goldwater Scholarship. Beyond supporting 
her continued education and research, these awards reaffirm the value of the work she is pursuing and encourage her to continue 
striving toward meaningful scientific discoveries. 

After earning her bachelor’s degree, India plans to pursue a Ph.D. in cancer biology, where she hopes to continue conducting research 
on targeted cancer therapies in partnership with leading research hospitals. Her ultimate goal is to become the principal investigator of 
her own laboratory, focused on advancing targeted combination therapies for Triple-Negative Breast Cancer. Through this work, she 
hopes to ensure that fewer families endure the cancer-related devastation that shaped her own path into cancer research. 

____________________________________________________________________________________________________________________________

Anna Williams
Colorado School of Mines

About Anna
Anna Williams is a rising senior at the Colorado School of Mines, where she is majoring in geophysical engineering. Driven by a deep-
rooted curiosity about the Earth, Anna seeks to understand the complex processesshaping our environment through her academics, 
research, and community involvement. She is particularly interested in air-sea interactions, focusing on how exchanges of heat, 
moisture, and momentum at the ocean-atmosphere interface govern global weather systems and drive extreme weather events. 
 
Throughout her undergraduate degree, Anna has been heavily engaged with research. Under the mentorship of Dr. Bia Villas Bôas in 
the Mines Oceanography research group, she investigates the drivers of spatial and temporal variability in hurricane wave fields. Her 
work integrates data from in-situ observations, satellite remote sensing, and model outputs, providing a thorough description of the 
sea state. She has presented her work at the 2025 American Geophysical Union Fall Meeting and at her university’s undergraduate 
research symposia. 
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Anna’s research directly supports the Study on Air-Sea Coupling with Waves, Turbulence, and Clouds at High Winds (SASCWATCH), a 
large field campaign aiming to improve hurricane intensity forecasts by constraining air-sea fluxes. 
 
In addition to research, Anna is deeply interested in providing opportunities for her community to engage positively with the environment. 
As president of Plant Futures, she connects students to the local ecology through workshops, farm visits, and the campus community 
garden. Additionally, she works with a tight-knit group of students on a community dinner initiative that repurposes recovered food to 
tackle food insecurity, food waste, andsocial isolation. 
 
Upon graduating with her bachelor’s degree, Anna plans to pursue graduate school to continue her research on air-sea interaction in 
hurricanes. Ultimately, she aims to organize and coordinate high-impact field campaignsthat drive scientific advancement and improve 
extreme weather predictability. 

____________________________________________________________________________________________________________________________

Andy Zhang
Drexel University

About Andy
Andy Zhang is a Mechanical Engineering student at Drexel University with a strong interest in robotics, product development, and hands-
on mechanical design. He has always been drawn to building things, especiallysystems that move, adapt, and solve real problems in the 
physical world. Over time, that interest has grown into a focus on rugged robotics, field-ready hardware, and mechanical systems that 
can perform reliably indemanding environments. 

A major part of Andy’s engineering journey has been his work with Raptor Defense Company, a startup he helped build around unmanned 
ground vehicles. Through Raptor, he has worked on designing and prototyping robotic platforms intended for challenging terrain 
and mission-focused applications. This work has pushed him to learn far beyond the classroom, from frame design and suspension 
geometry to sheet metal brackets, fastener selection, manufacturability, and structural tradeoffs. It has also taught him the importance 
of balancing creativity with practical constraints like weight, durability, cost, serviceability, and ease of manufacturing. 

Creativity plays a major role in how Andy approaches engineering. Outside of his technical work, he is passionate about art, drawing, 
boxing, fitness, and cooking. He enjoys the crossover between art and engineering, especially how artistic principles can improve the 
way ideas are communicated and products are designed. Skills from drawing help him create cleaner, more readable sketches, while 
an eye for form and proportioninfluences how he thinks about the aesthetics of a product. To him, good engineering is not only about 
function, but also about clarity, usability, and how a design feels to the person using it. 

Andy’s personal interests also shape the way he works. Boxing and fitness have taught him discipline, consistency, and the value of 
pushing through discomfort, while cooking gives him another outlet for experimentationand creativity. He enjoys the process of iteration. 
Testing ideas, making adjustments, and improving the final result gives a sense of fulfillment. 

As Andy continues growing as an engineer, he hopes to keep building technology that is practical, reliable, and impactful. His goal is to 
bring together technical skill, creativity, and hands-on problem solving to design products that are both useful and thoughtfully made. 
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Every mission starts with someone willing to reach further than the last. For nearly 30 years, 
Griffin Communications Group has helped the space and defense industries do exactly that — 
turn bold ideas into brands people trust.
 
We’re honored to support the Astronaut Scholarship Foundation and the innovators of 
tomorrow presenting the groundbreaking research shaping what’s next.

CHAMPIONING THOSE WHO REACH FOR THE STARS

TO OUR NEWEST PARTNER UNIVERSITIES,
  WELCOME TO THE ASF FAMILY!
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THANK YOU
UNIVERSITY PARTNERS

We are proud to partner with 55 universities across the United States. 
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Contribute
ASF is a 501(c)3 non-profit organization. To continue our mission, we rely on generous 
donations from our supporters. All contributions are 100% tax-deductible and support the 
next generation of American scientists, technicians, engineers, and mathematicians.

Attend or Sponsor an Event
ASF hosts events throughout the year and across the country to honor Astronaut 
Scholars and Astronauts. For more information on our upcoming events, visit: www.
astronautscholarship.org/events. 

Become a Mentor
Share your time and insight as a mentor to assist and propel these scholars in the right 
direction to fully recognize and utilize their world-changing potential.

Sponsor a Scholar
Choose an ASF partnering university and sponsor a scholarship in your name, the name of 
your business or organization, or in honor/memory of someone special.

Corporate Partnerships
Align your brand with the most prestigious STEM scholarship awarded to the best and 
brightest university juniors and seniors throughout the United States.

Shop With a Purpose
Explore the ASF Online Store to find one-of-a-kind autographed and commemorative 
items.

Stay Connected
Visit our website at www.astronautscholarship.org and follow us on Facebook, Instagram 
and LinkedIn to stay up to date with our latest news.

Support ASF Today

GET INVOLVED
Ways to Support the
Astronaut Scholarship Foundation



THANK YOU SPONSORS

Donate Today

To aid the United States in its world leadership in technology and innovation by supporting the very best and brightest 
scholars in science, technology, engineering and mathematics (STEM) while commemorating the legacy of 
America’s pioneering astronauts

 In accordance with federal law and U.S. Department of Treasury policy, this institution is prohibited from 
discriminating on the basis of race, color, national origin, sex, age, or disability. To file a complaint of discrimination, 
write to the Director, Office of Equal Opportunity and Diversity, 1750 Pennsylvania Avenue, NW, Washington, DC 
20220. The Department of Treasury is an equal opportunity provider and employer.

To make a donation or discuss sponsorship 
opportunities, contact the Astronaut 
Scholarship Foundation at 407-362-7900 or 
visit www.astronautscholarship.org.
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Jeanie Engle


