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COSINE collaboration
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COSINE-100 experiment (2016~2023)

YangYang underground laboratory (Y2L)
Started physics operation since September/2016
* Ended physics run March/2023

« Decommissioning for upgrade and moving to Yemilab

* Plan to restart COSINE-100 upgrade by end of 2023 at Yemilab
Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 5
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« Stable operation Since Sep. 2016 for about 6.4 years
« ~95 % physics data
« ~94 % good quality data (6.0 years data)

3/14, 2023
(End of COSINE-100)

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



Counts /keV/kg/day
S 3

Counts /keV/kg/day

_‘—l-
- o P

—‘—L
& S
N oW

—h
()

Detector background understanding

Background modeling

1.7 years data

(6-3000 keV)
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Dark matter search with spectral shape fit
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Dark matter search with spectral shape fit
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Model-independent annual modulation search

Time dependent background modeling Single exponential -~ )
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Single exponential model (reference)
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DAMA/LIBRA'’s method (induced modulation)

DAMA/LIBRA’s method
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On going efforts : low energy detector responses

Nonproportionality of NaI(Tl) for y or x-ray
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Ongoing efforts : modeling update

Non-Proportionality update example
Eur. Phys. J. C. 81 837 (2021)
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Dark sector signals from
0.7 keV — 4000 keV can
be studied !!

* Precise calibration considering non-proportional detector response

 Alpha / LS spectrum modeling for better background understanding
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Data/Fit

WIMP-127] inelastic interaction

» Signal : 57.6 keV gamma + nuclear recoil
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Bosonic super-WIMP (BSW)

» Bosonic dark matter with mass 10 keV — 1 MeV
Expected Signal (690 keV BSW) " Data fit
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Boosted dark matter with extended energy (~10 MeV)

Inelastic interaction Elastic interaction
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« Search for energy 1 MeV — 10 MeV
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Solar bosonic dark matter annual modulation

« 3Sun is the strong source of gamma

*» Conversion to dark sector bosonic particle is possible
Flux modulationJ u(%/ue to distance variation

January
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\ \
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3 years data for the modulation search

Solar Axion Limits KK Solar Axion Limits

Solar Dark Photon Limits

10-1°

)
-~
]
2 102
3 P N
e S
© p
£ ) é g :
'§ XENON10O
= 10 ‘
10733 1 — COSINE 100 - Modulation Analysis
——— XMASS Umis
LUX NEWS Umits
107234 — NesealT SE Lmits ) aa Benchmark Modol
— £.100- 10
COTIE100 - Moduhiin Melyss 107 To= 1o o= 1o 10%° 10t 102 10 10 10%
10° 10t 10° 10t Axion Mass (keV) no (m=3)

102
DP mass (eV)

Phys. Rev. D 107, 122004 (2023)

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



Number of events

COSINE room at Yemilab is under preparation

« Detector room is ready as of May/2023 at Yemilab

Astropart. Phys. 141, 102709 (2022)

Yemilab map

59.54 keV gamma ~ 210pg alpha
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« Moving from Yangyang to Yemilab is ongoing now
* Plan to start COSINE-100U by end of 2023

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 18



COSINE-100U : Detector upgrade
COSINE-100 upgrade for high light yield

Remove the copper case Crystal machigne‘ .

Deliver to glove box

T S

Polishing

Above ground measurement ] ) .
Direct attachment of 3” PMT

Cover design NIMA 981 (2020) 164556

A ~50% increase light output with
similar method

Hyun SuLee,  Center for underground Fhysics (CUP),  Institute for Basic Science (IBS) 19




Charge distribution of Am-241
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COSINE-100U
. Light yield with 59.54 keV gamma

Stability of ~ 1 month (Above-ground)
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COSINE-100U

14.9 +/- 0.5 NPE/keV = 21.6 +/- 0.6 NPE/keV
45% increased light yield !!!
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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

factory ~70kg
powder load

(Maximum production rate ~ 100 kg/month)
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Front. Phys 11 (2023) 1142765
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LB A proof of principle for low background Nal

Hyun Su Lee, Large crystal growing is goingon 21



Low-mass sensitivities for spin-dependent limit

WIMP-proton spin-dependent

Low mass search with Migdal
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22 NPE/keV, 1 year operation (100% efficiency), 5 NPE threshold

* A world best sensitive detector for low-mass WIMP-proton spin-
dependent interaction

* Feasibility test for the COSINE-200 & 1T experiments

Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS)
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Summary

World-wide efforts to understand DAMAJ/LIBRA’s signature
are actively ongoing

COSINE-100 results are generally inconsistent with
DAMA/LIBRA assuming WIMP dark matter with the standard
halo model

COSINE-100 searched various dark matter candidates in
wide energy ranges

COSINE-100U and COSINE-200 have world competitive
sensitivities for low-mass dark matter searches

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