Background modeling for the
COSINE-100 dark matter experiment

Eunju Jeon
IBS CUP
April 25, 2024

VIEnna Workshop on Simulations 2024 @Vienna



Residuals, cpd/kg/keV

COSINE project (since 2015)

« DAMA/LIBRA experiment is to search for the DM annual modulation signature
with an array of Nal(Tl) crystals = They claimed an observation of the dark matter
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 However, other experiments with different targets or techniques exclude the
region of parameters singled out by DAMA/LIBRA

* To be checked with independent measurements using the same Nal(Tl) crystals
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Global efforts and COSINE collaboratl

with Nal(TIl) crystals
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COSINE experiments
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- Background level is 2-3 times higher than DAMA/LIBRA . Background level < 1 dru i
- Extremly pure crystal development - we decided to do . Energy threshlod < 0.3 keV I

our own development for the entire process 1025 - A 2 " 20
- achieved 1keV energy threshold - < 0.75keV Energy (keV)
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COSINE-100 (2016~2023)

* YangYang underground
laboratory (Y2L)

o Started physics operation in
September 2016

plastic scintillator

 Ended physics run March 2023

 Decommissioning for upgrade
and moving to Yemilab

20cm Lead(bottom)

Eunju Jeon, IBS CUP VIEnna workshop on Simulations 2024 @Vienna, 25-27 Apr 2024 5



- COSINE-100

.
S L

<

0.8\

COSINE-100U MRS -

o - 0.6:—
-35°C operation ;040403601 |
Astropart. Phys. 141, 102709 (2022) *..<

T M

* Light yield increased by more than 30% 0900 00 I I 0 g
with the upgraded Nal(Tl) encapsulation | ( b

* Alpha quenching increased by ~10% | ‘l‘

 n/y discrimination improved N

Energy (keV)
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Background of Nal(Tl) crystal developed with Alpha Spectra

» Saint-Gobain has lost the technology for producing low-background Nal(Tl) crystals

 ANAIS, DM-Ice, KIMS, and Alpha Spectra Company have been conducting R&D on Nal(Tl) since 2013

 We modeled the background spectrum of Nal(Tl) crystal used in the test arrangement
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Background modeling for COSINE-100

using 59.5 days data

- Active background rejection with
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Cosmogenic radioisotopes

- We measured the activities of the cosmogenic isotope produced in Nal(Tl) using the time-

dependent decrease of peaks

- We estimated production rates for the cosmogenic isotopes and compared them with other
experimental data and calculations using ACTIVIA and MENDL-2

Astropart. Phys. 115 (2020) 102390
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Background modeling using 1.7 years of COSINE-100 data
with 1 keV energy threshold
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Background modeling updates for 2.8 years of data with 0.7 keV th.

* Nonproportionality applied

Alpha spectrum modeling
Astropart. Phys. 158 (2024) 102945
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Intrinsic e™ ---- apparent y
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Comparison of simulation results applied by the empirical curve and using
embedded in Geant4
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Summary

« COSINE-100 is an experiment designed to test the validity of the DAMA/
LIBRA’s claim for the WIMP dark matter with the standard halo model

* |t is Important to have a quantitative understanding of the backgrounds, even
though they do not approach the level of DAMA/LIBRA

* We built the background modeling and enhanced it to accurately interpret the
background spectrum while lowering the energy threshold

 We are implementing nPR in the Geant4 simulation for more accurate
modeling of backgrounds, improving sensitivities for low-mass dark matter
searches at Yemilab
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