





A chiral molecule cannot be
superimposed over its mirror image.

Enantiomers are chiral molecules that
are mirror images of each other.



https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(Vollhardt_and_Schore)/05._Stereoisomers/5.1%3A_Chiral__Molecules

In chiral environments, the chirality of
the enantiomers will affect their
interactions.



https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(Vollhardt_and_Schore)/05._Stereoisomers/5.1%3A_Chiral__Molecules
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Only one DNA enantiomer exists in all life on Earth!
. This phenomenon is called homochirality.
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Primary Cosmic Rays

Cosmic Ray Showers

At Earth's surface, muons dominate! |  ___.Y--
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https://home.cern/
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DNA Damage

Muon radiation primarily damages DNA
through ionization.

Indirect Damage vs Direct Damage
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Hypothesis

Cosmic ray muons cause
DNA mutations which
played a significant role in
the evolution of life.

The spin polarization

introduces a chiral environmen
that isrelevant to chiral

chemical reactions.

The spin polarization of cosmic
ray muons is directly
responsible for the chiral
choice observed in DNA today.

de Groen, P. C. (2022) Globus, N., Fedynitch, A, & Bland Globus, N., & Blandford, R. D. (2020)

D. (2021)







@ATLAS

EXPERIMENT
http://atlus.ch

Run: 204153
Event: 35369265
2012-05-30 20:31:28 CEST

= Gonzalez Renteria, C. (n.d.). Geant4: A Beginner's Guide [POF file]. https://indico physics.lblgov/



https://indico.physics.lbl.gov/event/581/contributions/1401/attachments/1284/1424/Geant4_CesarGR.pdf

Geant4-DNA

Extension of the Geant4 toolkit.
Models for lower energies.
Includes chemistry models.

High accuracy, slow performance.

Unfortunately, no muons.

Stepan, V. (n.d.). Geant4-OM chemistry stage [Image]. Geant4-DNA. https://geant4-dna in2p3fr


https://geant4-dna.in2p3.fr/
https://geant4-dna.in2p3.fr/
https://geant4-dna.in2p3.fr/




eans using equivalent Sy.

Simulated Electrons

pe = Bymc
MeV
pe = (0.61) (0.511 = ) * C

pe=10.31——
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Average Radiochemical Yields During Chemistry Stage
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Figure 1: Radiochemical yields of water radiolysis products, for a 0.31 MeV/c uniformly
distributed electron beam through a water cube of side length 1 um.



Implement DNA geometries into the simulation
and calculate the indirect and direct DNA
damage.

Probe a broad spectrum of beam energies.

Experiment at the Paul Scherrer Institute in
September!




tronomy and Space Sciences, 9,

Joumal Letters, 8951), L11.

In of biological homochirality. arXiv

[Figure]. In Cytogenetic biodosimetry in
ry. Radiation Emergency Medicine, 11(2)




SIM NS

FOUNDATION

Acknowledgments

Noémie Globus and Roger Blandford,
for their exceptional and unwavering mentorship

Richard Anantua,
for his guidance and mentorship throughout the
SCEECS Research Scholars Program

Makoto Asai,
for his guidance this summer with the use of
Geant4-DN A

Caitlyn Nojiri and Eleanor Blandford,
my fellow group members from this summer

Bishoy Dongwi and Win Lin,
for their mentorship and training in Geant4

SCEECS Collaboration and Simons Foundation,
for this research opportunity and summer
research funding

Stony Brook Simons STEM Scholars Program,
for their additional financial support and
guidance in my pursuit of a research career
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Does anyone have any questions?
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http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
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