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COSINE-100 experiment (2016~2023)
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Model-dependent tests of DAMA/LIBRA

Background modeling
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Model independent annual modulation searches could not resolve DAMA/LIBRA yet
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WIMP dark matter interpretation
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1.7 years data analysis Phys. Rev. Lett. 123, 031302 (2019)

3 years data analysis

Full 6.4 years data are available

Phys. Rev. D 106, 052005 (2022)

10°

Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS)



Improvement of Nal(Tl) detector understanding
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F 350 —+ Data | _ 114
3 F e g
< a0 125 2 —}— pata (2.7 yr)
3 2 1} I
E> E _ mlm.re i 5 C3 —}— internal Pb210 [© 10 I 4 3 Y E
Zg 25 127mr g ° 10— interal Th228 ?_: : & - k
§ E —— "gn E \ nai-surf Pb210 -g,
2;7 —— Fit o ;_ ' \E( teflon Pb210 i 0.9 - ‘
= E S teflon-surf Pb210 2 4
1-5; E e \ L | TotalMc & }/" ——— Best Fit -+ Sample Crystal L Crystal 4
1i—+ 10 ?’WMWWM \ \\"mf”?*"*\’g%m " £ 0.8 y 68% C.L. Crystal 2 Crystal 6
055 e i W\’ b x*ldof = 28.32 / (48-12) 4 Crystal 3 4 Crystal 7
.o — 10%
F E \ | T T T T T T T T T 1
o F L *} L 0 10 20 30 40 50 60 70 80 90 100
T D I T I D D B B 1070601805060 5000003800 'Az;oomm'ud”‘“mmo Energy (keV)
0 10 20 30 40 50 60 70 80 90 100 PR——
Energy (keV)

PRC 110, 014614 (2024)

Background components Detector responses .| | v .. | . ..
g 30— I :S::HOiO_Z ;{evlslt O This work - Revisit
§ 25— i + ;#_
20—
.E) il ﬁ‘_‘}:&‘ _‘?A.%?P
L L L § 10— +:$:+ _%_
Low energy scintillation responses R e

TO0

ASP 130, 102581 (2021 RS
= . N ( ) NIMA 1065, 169489 (2024) Energy (keVnr)

£ (b)

(@)

A
S
3

Energy: 4.18 keV

@

=}

S
T

MLP score

n
I3
3

Amplitude [ADC Count]
= N
=] S
S 3
T T
Amplitude [ADC Count]

=)
=1

SN -
2000 4000 6000 8000 2000 4000 6000 8000
Time [ns] Time [ns]

s
°

30 300F

(©) (d)

Energy: 4.11 keV

, 400+
=03 200}~

100[- 20
L A
L hali

. n T i)
Q 0 2000 4000 6000 8000 2000 4000 6000 8000
Time [ns] Time [ns]

Amplitude [ADC Count]
Amplitude [ADC Count]

. -4
8 10
Energy [keV]

Energy [keVee]

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 4



Improvement of Nal(Tl) detector understanding

Background components
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Low energy scintillation responses

Improved understanding of Nal(Tl) backgrounds in extended energy range 0.7 — 4000 keV
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Time-dependent background models

Sci. Rep. 13, 4676 (2023)
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COSINE-100 full dataset

Livetime (years)
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Importance : Apple-to-apple comparison with DAMA/LIBRA
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Comparison with DAMA : Energy calibration

Linear calibration to 59.54 keV : keV,
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Modulation fit
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Modulation fit

Modulation signals

10 time-dependent components

COSINE-100 full dataset
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Amplitude
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COSINE-100 full dataset fits

Phase floated 2-dimensional fit for COSINE-100 full dataset
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Model-dependent searches
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Low-mass dark matter search with COSINE-100
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Moving forward to COSINE-100U
« Upgrade detector assembly for high light yield

Crystal machine Dehver to glove box

Above ground measuremen

NIMA 981 (2020) 164556
arXiv:2404.03691
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COSINE-100U : Detector upgrade
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COSINE-100U : Yemilab installation
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Astropart. Phys. 141, 102709 (2022) |

We plan to start physics operation soon
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Sensitivity of COSINE-100U

WIMP-Proton spin-dependent interaction
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Summary

« COSINE-100 ruled out DAMA/LIBRA with significance above
3 sigma in model-independent analysis

« COSINE-100U is well progressed to start physics run

s World competitive sensitivities for low-mass dark matter in the WIMP-
proton spin-dependent interaction
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COSINE collaboration

15 institutes
~60 members

R+ DM-ICE =

Koven .
Mans Search Experiment
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