6.4 years full dataset for model-independent test
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Resolving the DAMA/LIBRA Anomaly with the Full COSINE-100
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Annual Modulation by DAMA

v Dark matter signal rate is

Residuals (cpd/kg/keV)
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Time to Test DAMA’s Claim!

expected to show the annual "
modulation. ‘
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reproduced the signal, but with
other materials and analysis
methods.
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v' 106 kg of Nal(Tl) crystals was
installed at Y2L.

Yangyang Underground Laboratory
v Surrounded by the active and

passive veto systems.

v 6.4 years operation (Oct 2016 ~
Mar 2023)

v’ Detector is upgraded for
COSINE-100U at Yemilab

Liquid Scintillator

Copper Box
(3cm)

Lead(20cm)

Model-dependent test for DAMA/LIBRA
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~0.7 keV .
v Low energy threshold with a

high efficiency.

~50% at 1keV
v’ Crystal responses to photon

and neutron were measured.

----- Livetime: 6.12 years (95.65%) D

Rt
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v' Improved detector
understanding

NCSR Demokritos, Athens, Greece

v Blind analysis was performed.

Dataset

Hyunsu Lee

Center for Underground Physics, Institute for Basic Science
On behalf of the COSINE-100 Collaboration

Compatible Calibration

DAMA signal can be...
[ Electron Recoil keV,, J { Nuclear Recoil keV,, ]

v" Correct using each quenching
~ factor.

v' Applied linear calibration
passing through 59.5 keV.

v' Same method as DAMA.
v’ 1-3 keV,,, 1-6 keV,, and
2-6 keV,, were studied.

v Search in the NR energy.

v' 6.7-20 keV,, was studied
~ which is 2-6 keV in DAMA.
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Unbiased Statistical Model

v' COSINE-100 is the only Nal experiment understanding the
radioactive isotope contamination in detail.
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v Every radioactive isotope was considered to avoid any statistical
bias.
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v’ Posterior distribution of the modulation amplitude 4 was
extracted using the Markov chain Monte Carlo method.

~ . o o d . ~
Eik — Ri(tK)AtmiAEé‘i(llcwetlme)El-(selecuon), N I’IV POIS(Eik)
time-bin

v Radioactive terms were constrained

assumption

by the background model.
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total 17,000 simulations
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When the phase is fixed at June 2M9...

[ Electron Recoil Test ] [ Nuclear Recoil Test ]

6.7'20 keVn r

31250
i

[ COSINE-100
=+ DAMA

DAMA

COSINE-100
|:| simulation with
DAMA signal

Measurement Distribution Posterior Distribution

-0.020 -0.010 0.000 0.010 0.020 0.030 0.040 -0.010 -0.005 0.000 0.005 0.010 0.015 0.020
Amplitude (counts/day/kg/keVee) ' Amplitude (counts/day/kg/3.3 keVy,)

v2/df=28.03/11 (p=0.32%)

¢ COSINE-100 Single-hit
4 COSINE-100 Multiple-hit

Amplitude
(counts/day/ka/3.3 keVyy)

6 8 10 12 14 . . 20 26.7 333 40 46.7 53.3 60 66.7

Electron Recoil Energy (keVee) Nuclear Recoil Energy (keVnr)

@ COSINE-100
+ DAVA

©
o
-—
o

(counts/day/kg/3.3keVy,)

150 200 i 150 200
Phase (day) : Phase (day)

: : . 0.6 0.8 1.0 . . i . . : 0.6 0.8 1.0 . .
Probability Density (keVee kg) : Probability Density (3.3 keV, kg)

6.7'20 keVnr

4+ Data —-—- COSINE-100

Residual

2017 2018 2019 2020 2021 2022 2023 : 2017 2018 2019 2020 2021 2022 2023
Year Year

The DAMA signal was not reproduced in the
COSINE-100 full dataset, showing a

(same target and same analysis)
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