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Residuals (cpd/kg/keV)

DAMA/LIBRA

Dark matter discovery (more than 25
years old story)?

Annual modulation signature of relic
dark matter

250 kg Nal(TI) crystal array at
Gransasso (ltaly)
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Residuals (cpd/kg/keV)
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E (keV)
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However...
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World-wide efforts on Nal(Tl)
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COSINE collaboration

15 institutes
~60 members

R+ DM-ICE =

Koven .
Mans Search Experiment
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—— | |
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Livetime (years)

COSINE-100 experiment (2016~2023)
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Background understanding

Background modeling 1.7 years data

(6-3000 keV)

Single-hit Events

EPJC 81, 837 (2021)

— Data — Total MC Internal
— External — Cosmogenic Surface

(1-3000 keV) Multiple-hit Events

— Data — Total MC Internal
— External — Cosmogenic Surface
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WIMP-nucleon spin-independent
cross-section (cm?)

Ruled out DAMA/LIBRA by COSINE-100

Model-dependent comparison
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COSINE-100 data ruled out DAMA/LIBRA’s 3 sigma contours for the canonical
WIMP dark matter model
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Annual modulation searches
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Improvement of Nal(Tl) detector understanding

ASP 115, 102390 (2020)  asp 158, 102945 (2024)
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Improvement of Nal(Tl) detector understanding

115, 102390 (2020)
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Improvement of Nal(Tl) detector understanding

115, 102390 (2020)

EPJC 84, 484 (2024)
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Improvement of Nal(Tl) detector understanding

Background components

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)

(a) Single-hit at 1-6 keV 1 (b) Single-hit at 136 keV . .
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Time-dependent background models

Sci. Rep. 13, 4676 (2023)

42—

(a) Single-hit at 1-6 keV

42—

(b)S ngle-hit t1-6kV
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Caveat : Understanding of time-dependent background IS

crucial for the annual modulation analysis

COSINE-100 is a unique experiment achieving precise

background understanding of Nal(Tl) crystals

— Fla iy tegg RO1 _
19pp — 1aiag, =xa  + paa PRD 106, 052005 (2022) (3 years modulation search)
 — Full model : eight exponential components
o s o e TS % Full Model Single Exponential
Sl A N /o = 100 1007 -0.009 dru
g [’\L N/ h g ~ 1o bias '
g 10240 —f HJ,/«- = &
- 1| A Wof AT T‘\ e B 50 1 50 1
10441 | ]_‘, ~ *ll_ | N Z _ . '
< 0.02 0.00 0.02 0.02 0.00 0.02
I | S — U/ | Bias [dru] Bias [dru]
PP e DAMA/LIBRA : 0.010 + 0.001 dru
Hyun Su Lee,  Center for Underground Physics (CUP), Institute for Basic Science (IBS) 17



COSINE-100 full dataset

Livetime (years)

— - Physics run data: 6.12 years (95.65%) e’&%--""""”:}
1 Good data: 5.84 years (91.39%) ‘59* P
[ Calibration R

|
2017 2018 2019 2020 2021 2022 2023

Year

Importance : Apple-to-apple comparison with DAMA/LIBRA

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS)
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Comparison with DAMA : Energy calibration

Electron-recoil energy calibration

o DAMA/LIBRA
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Comparison with DAMA : Energy calibration

Electron-recoil energy calibration
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Comparison with DAMA : Energy calibration

Linear calibration to 59.54 keV : keV,,
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Modulation fit

—— Total Model —— °H 127mTe  —— 113gp
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Modulation signals 10 time-dependent components
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Modulation fit

Modulation signals

10 time-dependent components

COSINE-100 full dataset

DRU = countslkglkeVlday

6.7~20 keV,,

Crystal 2 : Cr:ystal 3
| : it : : | Data --- Tel27m
M’LW# HMMM ‘Hh' h' | ""."""WNL 'u.'.l,h!o,mﬁ*l."' ——— Bkgd + Modulation  ---- Tel2lm
: : : -~ flat Sn113
: Pb210 bulk ---- Cd109
R SR S S S O S SR SO S S ---- Pb210 surface Na22
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o oM [ S e S e [N e et et e e s
2017 2019 2021 2023 2017 2019 2021 2023 2017 2019 2021 2023
No modulation signal observed !!
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V)

Measurement Distribution Posterior Distribution

COSINE-100 full dataset fits

6.7-20 keVy,
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COSINE-100 full dataset disfavors DAMA/LIBRA in

both electron recoil and nuclear recaoil
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Amplitude
(counts/day/kg/keVee)

COSINE-100 full dataset fits
Phase floated 2-dimensional fit for COSINE-100 full dataset
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COSINE-100 full dataset fits
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ANAIS-112 (6 years data)

M. Martinez S-IFT workshop o
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Residuals (counts/day/kg/keV)
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Combined analysis between COSINE and ANAIS

Hollick@ IDM2024 ANAIS-112: PRD 103, 102005 (2021)
Combining published data (~ 3 years) ¢oSINE-100: PRD 106, 052005 (2022)

+ cosine data
+ anais data
combined data

Energy | Combined Amplitude DAMA
1{e] (dru) -- MCMC Exclusion

Ll A I 1;#1“{' LT 1-6keV  -0.0003 +0.0028 3.6

2-6 keV 0.0023 +0.0029 2.60

0 250 500 750 1000 1250 1500 1750
Days since Jan. 1, 2016

Combining 6 years modulation sensitivity

~ 0.015 e,
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= 0.0007 }I I ® Prelim Combined 6y 5.00 IN 2'6 keV

2 o005 —

g RN R Energy ROI | *COSINE 6-year (dru) | *ANAIS 6-year (dru) | Combine Simple

g 0 | 1-6 keV 0.0017 + 0.0029 0.0007 +0.0025  0.0011 + 0.0019
O 6 keV 0.0053 + 0.0031 0.0030+0.0025  0.0039 + 0.0019
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Counts

Data/Background

Model-dependent searches

COSINE-100 3 years data

Example of WIMP presence test in Mx = 12.92 GeV/c2 SD model
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COSINE-100 full dataset disfavors DAMA/LIBRA in
model-dependent search
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World best limit from COSINE-100

Na (Z=11)and | (Z=53)

% Good for spin-dependent WIMP-

oroton interactions WIMP-proton spin-dependent interaction

* S (Z ) 14), Ge (Z ) 32), Ar (Z - 18)’ g 1013:: —— COSINE-100 3-year  s=sess COSINE-100 3-year (Migdal)
Xe (Z = 54) s
“ Good for low-mass (sodium) S
é . ;\ i PICO-60
Reduced threshold? é L A

< Current threshold : 8 NPE (0.7 keV) & R

% COSINE-100 goal : 5 NPE (0.5keV) & 1o~ \
QWaveform simulation = COSINE-100 3 years data —
QImproving machine learning = ' 8 NPE threshold |

102 10°

LUEmploy deep learning WIMP Mass(MeV/c)

NPE = number of photoelectrons
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Moving forward to COSINE-100U

COSINE-100 encapsulation (Company)
Quartz glass  Optical pad  Nal(Tl) crystal

)

Photomultiplier
~35% increased light yield

LN,

Opticél Gel

Ig c) Assembled detector

COSINE-100U encapsulation NIMA 981 (2020) 164556
JINST 19 (2024) P10020
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Moving forward to COSINE-100U
« Upgrade detector assembly for high light yield

Crystal machine

| 5
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COSINE-100 C2

COSINE-100U : Detector upgrade

. Light yield @ 59.54 keV

arXiv:2409.15748

241Am 59.54 keV
~40% light yield increase!!!
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Hyun Su Lee,

Center for Underground Physics (CUP),
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COSINE-100U : Detector upgrade

. . . ‘L .
nght y ; Light yields
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Installation at Yemilab will soon be done
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COSINE-100U : Yemilab installation

1

- : I"“;"‘v T ’ ’.~ w
e i N

-30°C improvement : Astropart. Phys. 141, 102709 (2022) &

« We will start COSINE-100U soon
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Sensitivity of COSINE-100U

WIMP-Proton spin-dependent interaction
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COSINE-200 crystal development

owder purification performance
K.A. Shin et al., J. Rad. Nucl. Chem. 317, 1329 (2018)

K.A. Shin et al., JINST 15, Co7031 (2020)

K.A. Shin et al., Front. Phys. 11, 1142849 (2023)

K (ppb) Pb (ppb) | U (ppb) Th (ppb)
Initial Nal 248 19.0 <0.01 <0.01
Purified Nal | <16 0.4 <0.01 <0.01

We produced ~ 400 kg low-background Nal powder

Purification. . duct; ) .
factofy ~~0 kg (Maximum production rate ~ 100 kg/month)

powder load CI'yStal lng‘

7--DAMA/LIBR/
I oemogenc

External

-

S
\\\\\
s

—h
S

Counts/keV/kg/day

PJC 80 (2020) 8
Front. Phys 11 (2023) 1142765

Energy (keV)

LB A proof of principle for low background Nal

Hyun Su Lee, Large crystal growing is goingon 37



Summary

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

* Preliminary combined analysis with ANAIS-112 reach to 5
sigma level exclusion

« COSINE-100U will have world competitive sensitivities for
low-mass dark matter searches

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 38





