The Columbia Undergraduate Science Journal takes great pride in having the honor of
hosting the annual Columbia Spring Research Symposium. This year, the 2021 Sympo-
sium was held virtually for the first time, and we are happy to have celebrated undergrad-
uate research and retained the lively spirit of the event despite the unprecented circum-
stances. Below are the winning presentations selected by our esteemed faculty judges!

Abstract: Shapiro time delay is an effect predicted by Einstein's theory of general relativity where-
by the travel time of light is delayed as light passes by massive objects. Shapiro time delay is
related to the parameterized post-Newtonian formalism parameter y, which quantifies spacetime
curvature produced by a unit mass. Consequently, the measurement of Shapiro time delay can
be used as a method of measuring the accuracy of the theory of general relativity. To date, all
measurements of Shapiro time delay have been conducted in space over astronomical scales.
We propose an experiment that will allow Shapiro time delay measurements to be conducted on
Earth, in which we use a rotating mass unit and a next-generation gravitational wave detector. With
this scheme, we find that Shapiro time delay and y may be measured with sub-percent precision.
This is the most precise scheme proposed for measuring Shapiro time delay on Earth to date.

About the Author: "Andrew is a junior physics major at Columbia University from Yon-
kers, New York. Andrew has performed research with Columbia's Experimental Grav-
ity group for the last two years and his research interests lie in the field of gravitation-
al physics and gravitational wave astronomy. Andrew hopes to obtain a PhD in physics and
become a professional researcher. For fun, Andrew enjoys watching baseball and running.”

The full body of this work can be found on page 39 of this issue of the Columbia Undergraduate
Science Journal.

About the Author: "Victoria Ogunniyi is a third-year undergraduate student majoring in Neuro-
science with a minor in Professional Writing at the University of lllinois at Chicago. After college,
she plans to apply to medical school and pursue a residency in psychiatry. In her free time, she
enjoys improving her fictional writing skills and hopes to one day become a published novelist.”



Abstract: Since 2015, LIGO/Virgo has detected many Binary Black Hole merger Gravitational Wave
signals. Identifying the origins of these is key to discover more about these mergers. Rare host galax-
ies, like AGN, present a favorable environment for these events due to the possible dynamical inter-
actions in their accretion disks. In this project we will probe the statistical relationship between BBH
mergers and AGN hosts by analyzing the overlap in localization, as outlined in Bartos et. al. 2017.
To do that, we developed a python-based framework that can get the volume overlap between AGN
catalogs and LIGO/Virgo 90% probability density volume of BBH mergers. It can be used to estab-
lish the fraction of BBH GW detections that come from AGN and to inform real-time EM follow-up.

About the Author: "My name is Amanda Beck, and | am a Brazilian Junior at Columbia University,
Columbia College, majoring in Astrophysics. | am mainly interested in high energy astrophysics,
and anything that deals with relativity and statistical analysis, as well as STEM education, but
am open to any field of research. | plan on obtaining a PhD in Astronomy or Astrophysics, and
engage in research and teaching. My favorite pastime is reading, specially fantasy or sci-fil"

Abstract: Median Arcuate Ligament Syndrome is a rare, congenital condition where the dia-
phragm sits too low and the median arcuate ligament crushes the celiac artery. Postural Ortho-
static Tachycardia Syndrome often presents as a co-occurring condition. The presentation of
these conditions impacts the solar plexus, celiac ganglion, autonomic nervous system dysregula-
tion, and neuropathy. My research was conducted in order to see if patients with median arcuate
ligament syndrome and orthostatic intolerance as a comorbidity present with higher levels of
clinical depression. Furthermore, if the severity of the chronic condition increased, would clinical
depression increase, as well? This research utilized methods such as peak systolic velocities
from color duplex ultrasound technology, tilt table results to test for orthostatic intolerance, and
the Beck Depression Inventory-Il to seek to understand the connection between median arcuate
ligament syndrome and orthostatic intolerance caused by dysregulation of the autonomic nervous
system, which works in some level of conjugation with the solar plexus, sympathetic nervous
system, dopamine and serotonin pathways, and dopamine receptor agonists and antagonists.

About the Author: "My name is Jessica Eddy. | am from Grand Rapids, Michigan and am currently
studying at the University of Oxford. My current research includes the impact of rare vascular/gas-
trointestinal diseases and the role of endothelial cells in HIV latency. | plan to attend medical school
for a joint MD/PhD and hope to research genetic biomarkers in rare vascular conditions. For fun,
I love dancing and own my own dance studio, running with my puppy, and traveling the world!"
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First place poster from Andrew Sullivan



oy 120% 7 A ponauiy ainscs) eps
e

3] Ul UOHELEA [ENPIAIPUI OJUI MOPUIA SAIELLLIOJ UB SE SUOREJINSO 3jejs-Gunsas uo aimjesay) Gumoib
fousnyosd Z yww diysuoneras sainseaw 933b N0 SjEPIEA 0] PEPaBU SI YIIEasal ;BUMN| YBNoulY
SISWES)| J|RIPAULS|UI-MO| Ut AJuaryoid 21 Ul AuigeuEA Jof junodde Buissaooid umop

~do} U pale0sSse SaNIGE 12w} 123IPUI Aew 'AIoWwal BUBLIOM 0} Pal LB SEY LDIUA ‘30UBJAY0D JU} UJIM UOIBROSSE
annisod ay) pue ‘s3ss3001d dN-WIOKOQ 0} P3N} USR] SBY LI JaMOd BLIIED LA UONE0SSE 3AIE6AU U} JeuiaboL

(811 Buiwses] “sA fousyoid ‘sa sjdwsNe Ysads) ainseaw 7 au) UO pusdap Aew sdiusuonerey ‘ale) buiwies| pue samod
BwWeD Hy UsaMBq dIYSUONE[e 3ANSOd € J0 BUIDUY 9L0Z S, 1B 18 1B1d WOl Jaip SHNSal Ing Aousnyoid J0 sainseaw
omy 0} uoiBa1 Jouajsod 6L au ul semod ewwes pue 7 usanaq diysuonedl aAgebau e Jo Suipuy 3y} PapUB)@ OSIE A
271 U1 39UBLEA 10} JUN0DJE UED SaINSEAW O3 3jEls-Bunsal jeu) Gupuy Ui (6107) ‘B 12 18l pajeaidal Alemdaouod ap

“LFO U} 10U Inq 3130 2y} J0} £2UaPY0Id 7] YSIUEAS JO BARIPBID SEM YIOMBU EUOY [EIP3W BU} Ul 30UBJaY0D BJaUL
30ua13y0d Ajeys-Bupsal ueay :ZoY

£9usyo1d ysiueds J3MO] UM PIIENOSSE Ser Jamod ewweb Jaybiy 1eu} 4aNs ‘sainseaw

3730 PUe LD 2y} yi0q 10} AOuBiyoxd 77 ysiueds Jo aAgoIpaId sem 3orgau [edind0 Jous)sod HY Byl ul semod ewweo
Jamod ajeys-Bunsal ueay :LOY

0} sppe Apnis S|

uoissnasig
050 =d 62 = (5pM L]
ST U] 390819400 Bl L [B1UOI} [BIPAL UIIM 30URIBYOD BIYL - o
8LE-=1'veET- =9 JueoubS
TENdR30 J00a150d Hy Ul 1a/Mod Ewes 20u219407) 933b YM Suone|aLI0Y) - .
ST =z 200 =9 '6v'L=(vp T
14 [PpoUT [lE13A0 160 =d ‘vz = (9} ! = 0z 8
{endio20 sopaisod Hpy upsamod ejay) m
§90 =d 1z =(9vM v o8
jesodwajojuoy 7 upsemod ejay) o
090" =d 4z =(9vV or
|ewoy fepew uf semod ejay -
spuail o5

200 =d ‘ep-=(SpM 37130 uo adueuLopdd
Jendiooo sopsisod Hy uj Jemod ewwes -
JueoyuBIS

18mod 933b yum suonejauio)

st 130

(37130) eseluenxs
enBusaj owod jouedsa |ap ewojdig

100 =d'sy'e-=7'059-= 9

1T =24 100 > =9 1991 =(9v ‘L)
T 3P0 [[E19A0
synsai uoissaibay

Vw3 116550 1100 iy 20w e ey

TeNdPI0 J018150d Hy U] 18Mod BWeD

820 =d ‘gz~ = (0¥M |°
‘(esodwiajoluoy K
PUE [E1UOY [EIPAW A/q BIUSIZYOD BUIED) -
260 =d 9z = (LM |
‘endiao sopaisod Hy
PUE [EJUOJ} [BIPAW AY/q 8IUBIBY0D BLIWIESD)
spusi|

a0ua13y0) 933 YIM suonejaLo) *

g 119

100 >d Zg- = (9pM i*
‘endin0 Joua1s0d 1y Ul 1amod BLILIES) « 119 uo eauRUIOpay
JuBOYIUBIS
13m0d 933b yum suopejaiio) (Lr9) ysey JuawBpnl Aijesnewwers

s)nsay

A1 VVe LS 404 SBpow Uoissaibas aidyinu
oy siopipaid JesulSe_sejeleu0) Juedyubls passiue (q) pue
‘sainseaw Aouenyoid USIUdS PUE (WIOMBU-SSOD PUE -UILIM)
20UaJ8y09 puE Jemod 933D USBNSG SUOHEBLI0D PRIEINJIED (B)
"(6102) 1€ 18 183d U sisAieue ay) buwmoljo) ‘pue ‘spueq Ausnbay
(2H 0y-0¢) ewweb pue ‘(ZH G'6E-EL) €18q ‘(2H 571-8) eudie
'(ZH G /-%) BJBU) BY] JBAO BIUIBYOD PUE JAMO UEBW PSREIXE
3 (6y 99s) sylomgeu ajesedss ul sapnyidwe ajdwes awn
-12d ueaw Joei® 0} P3SN (610Z) 8 18 Jeid wol 1duds y pajdepy

(6102 'Giae 3 '0pebjaQ-Zinany IUIYILUO] -UOI) X0gI00}
12qe70| Buisn SpIEjUE JEIN20 1o} 1031100 0 pauuopad sasfjeue
- juauodwoo Juapuadapul “Guipi0dal Buunp UN0L> SsouBpadwl
—— — s ‘ded .pIEnGaABM 0INSN LNY BPONJ3Ia-CE B UMM UOISS3s
: Siejs-bunsal ainuiw-aay BuUNp Spow DO Ul PapIodal OIF
sisAjeue pue Buissadsoid-aid 533

1ewIo} 20104
- - o -edynw e u sewweib pue Ae;ngecoa Guiqosd (suonsanb
o 05) suonsanb azop/queId-aul-u-iy AU (S00Z ‘INIUOW) 158}
£ousii01d ySiuEdS PIEPUE)S € JO UOISIBA PAUIPOW U0 AJeINI0Y
— (3730) eaaluenxa enbuaj owod jouedss jap ewojdiq

Swayl [EINBWWEIGUN %05 PUE [EJEWWEIS %06
upa ‘(swal 09) JUBWISAIBE (Sd) BINPNAS BSelld PUE (Swap
7)) Wwewaalbe (JN) asesyd unoN ‘(swey 09) Juswaaibe
(AS) @ep-palang (ajqe) @as) ‘SuOMIPUOD @Al [RAIBIUL
SINWIS-18)Ul SWOG). PUB SWOGE UONEIND PIoM U whipesed
uonewesaid fensin [eues pides B Ein pajuasald saousjues
uysieds bz 10} (.PEQ/POOG,) SGunes uo ses0os awud-Q

(Lro) yser wewbpnf Ayjeonewwers
sainseaw Aduaoyoid aBenBue]

ynwns 17 ysiueds

s1api0sip Guiwses) 1o ‘|eaibojoinau

IUIEIYIASA OU ‘UOISIA [BULIOU-0}-D3}O31100/|EULIOU PSPUBL-IYGRY 'SSSSEID AUSIBAILN JBISWSS  PUE g Ul
paljoiua ysiueds Jo siBea) 7 afeipauLauYMeT ‘USIBUT Jo siayeads aneU (vG 12 = W 868 ‘afews) 67) 0G = N
sjuedpped

Spoula

¢Sse} fousnyold ysiueds omy Aq passasse se fouaioyosd

21 10pasd elep 933b alels-6uNSa) Ul 30UBJBY0D RIOMIAU-USIMIB] PUE -UILUA S30(] Z# UONSND U2IRasSaY
¢S4se) fouanlold ysiueds ony Aq passesse se “fouanioid

Z10ipeid elep 933b alels-BulSa) WOy PAjRINOfed Jemod [EAIBAS UBSW S30Q :L4 UORSAND 421easay

siawes| 77 ul Aousyo)d abEnGUE| USIUES J0 SAINSE3LL SN0 O UO 30UBLIOY3A 0 SATIPaId
osie 51 933b ajers-Bunsas Jauau BUDISE (§102) 18 12 1eld SPUSIXa PUE Sajediidal Allenjdaduod Apmis InO

sidwaye yoaads [£10} papipesd Jouaisod HY ul Jamod
R ewwed pue uoibal H ul spueq Aduanbal) SS0IOL 30UBIBY0D -
pue ‘sies bulwes| 71 papipaid
Aufesaie) [es0dwialo)uo1 pue UoiBa) JouaISOd Hy Ul Jemod ejeg
pajeanal saskjeue uoissaibay Age Guiuses|
2140 anmjopasd 8q Aew—inwis Aue yiw pajuasaid Jou si fenpIAIpUL
UE UBYM }SE} [EIBIX AUE JO 8OUBSGE 8U) Ul SINS00 1BU} AUAIDE UIEI] ‘st
12ul— ©33b ajejs-bunsal jey) pul (6102) UOSIBIed PUE HESEWEA ‘1ld
(0202 "B 1@ ss010 “6'3) SaW03}N0 puE sauopalen [EuawdoaASp 7] Ul AIgeuEA
M PaIEOSSE SWSIUEYPAW Burkapun au) ojul SIYGISI [EUOIDE apinoid Aew (933b) Audeibojeydaousoiale
anejjuenb Jo ‘deds ay) wouy Papiodal AQAGOR UIRlq AI0JRJInSO JO SIUSWIAINSEa "SAW0IIN0
GuisEa] Ul AJIGELIEA 0 JUNOWE 3618| B Y JOAB3PUS BUIpUBWISD APANIUGOD B SI Bulwea] (Z7) 36enbUE| pucdas
uononposu|

Kenuop jo Aysieaun ooy 3yl 11N ‘(MS]) 3nyn:

qe] uomsiboy afenSury puosag jo uonrue)

VISHE)

0 pue abenbuen] jo uswpeda(, ‘obeaiy) je stouyy jo Aysienun “ABojoyohsd jo uswpedaq, obeay) je siou

1o Ayssanun ‘saipnig ueije)) pue djuedsiy jo uswpeda( ; o6eoy) e sjouly Jo Ausiaaun ‘abejjo) siouoH

&4 HOYS-uebiop eiey 9 ; anbn ewlly ‘; jeysaul4 aual| z 13qebnqgy pineq ‘, iAuunbo eLopIn

Buiuies| abenbue] puodsas ul AjijigeLieA Jo si10)dipald se suoie||iaso jeinaN

iyi

Second place poster from Victoria Ogunni
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Third place poster from Amanda Beck
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