Overview and Prospects of COSINE-100U
: Upgrade Nal(Tl) Dark Matter Search in Yemilab
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COSINE-100 experiment

Search for DM-Nal(TI)

scattering scintillation!
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eDirect dark matter search experiment, based on Nal(TI) crystals

*| ocated in Yangyang Underground Laboratory (Y2L), Korea (Depth : ~ 700m)
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COSINE-100 experiment

————— 17—
i Livetime: 6.12 years (95.65%)

- 1 Good Data: 5.84 years (91.39%)
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eDirect dark matter search experiment, based on Nal(TI) crystals
*| ocated in Yangyang Underground Laboratory (Y2L), Korea (Depth : ~ 700m)
* Finished with ~6 year data taking (October 2016 ~ March 2023)
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COSINE-100 experiment

Detector details : Nal(Tl) crystals

® 8 Low background Nal(Tl) crystals (106 kg mass)

® Two 3-inch PMTs (R12669SEL) are attached to each crystal

IDM 2026

U/Th/K levels are less than DAMA, but total alphas (~219Pb) are higher than DAMA.
Total background is 2-3 times that of DAMA.

High light yield (15 p.e./keV) compared to DAMA (10 p.e./keV)

Nal(TI)
Crystal

3-inch PMT Nal(Tl) detector

8 low-background crystals
Copper encapsulation
Two 3-inch PMTs

Eur. Phys. J. C. 78 490 (2018)
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COSINE-100 experiment

Detector details : Liquid Scintillators (LS)

Liquid Scintillator

® 8 Crystals immersed into LS passive veto 5_ﬁ,i?,ogﬁ\n'??gg??ffforLfsff)Je‘iZ?tor

® |Ssignal collected with 18 PMTs

® Gives an efficient method tor background rejection,

with time-coincident cut with LS signal.

Nal(TI)
Crystal

3-inch PMT Nal(Tl) detector

8 low-background crystals
Copper encapsulation

Two 3-inch PMTs
Eur. Phys. J. C. 78 490 (2018)
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COSINE-100 experiment

Detector details : Shield & 4n Muon veto

JCAP 02, 013 (2021) , JINST 13 T02007 (2018) Liquid Scintillator
2200-L LAB-based LS for veto

411 Muon Counter 5-inch PMT(R877)s for LS detector

37 plastic scintillator panels
2-inch PMT(H7195)s for muon counter

3 cm copper

2200 L LS

.
N

Nal(Tl) crystals

Nal(TI)
Crystal

' o i b DAL Nal(Tl) detector

- 8 low-back d tals
Shields ow-background crys

_ Copper encapsulation
3-cm thick copper box Two 3-inch PMTs
20-cm thick lead shielding
Eur. Phys. J. C. 78 490 (2018)
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WIMP-nucleon Sl cross section (pb)

Updates in IDM 2026 (JY Kim, This sessﬂion)

WIMP spectral analysis
Phys. Rev. Lett. 135, 231001 (2025)
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DM Modulation search
Sci. Adv. 11 eadv6503 (2025)
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Physics Results from COSINE-100

DM -electron scattering
Phys. Rev. D 113, 072012 (2026)

Low-mass WIMP search
arXiv:2603.22411 (2026)
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IDM 2026 (WK Kim, Tomorrow sessidn)

Bosonic super WIMPs
Phys. Rev. D 108 (2023) L041301
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https://arxiv.org/abs/2603.22411

COSINE-100

Effective at WIMP-proton SD

COSINE-100 3-year WIMP-proton SD channel
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e COSINE-100 : effective at low-mass SD detection

- High sensitivity to low-mass SD from WIMP-Na

Interaction (Na: proton odd , low-mass target)

- Migdal effect enables sub-GeV channel.
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COSINE-100U
More Effective at WIMP-proton SD ?

COSINE-100 3-year WIMP-proton SD channel
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Possibility for 4
lowest sensitivity J

—h
<

COSINE-100 3-year

Upgrade to better sensitivity

PICO-6

WIMP-proton SD cross section (pb)

--=0=== COSINE-100 3-year (Migdal)

—
<
N

has been required !

10°

—

WIMP Mass(MeV/c?)

IDM 2026 9 Gyunho Yu



COSINE-100U

1. New experimental site : Yemilab

Front. Phys. 12:1323991. (2024) Nature News
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e New underground laboratory has been recently launched in Korea.

(Jeongseon county)

e 700m (Y2L) - 1100m (Yemilab)
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https://www.frontiersin.org/articles/10.3389/fphy.2024.1323991/full
https://www.nature.com/articles/d41586-024-01347-3

COSINE-100U

1. New experimental site : Yemilab

Front. Phys. 12:1323991. (2024)
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Nature News
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e New underground laboratory has been recently launched in Korea.

(Jeongseon county)

e 700m (Y2L) - 1100m (Yemilab)

5 times smaller muon flux
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https://www.frontiersin.org/articles/10.3389/fphy.2024.1323991/full
https://www.nature.com/articles/d41586-024-01347-3

COSINE-100U
2. Higher light yield : New encapsulatlon design

Quartz
Current encapsulation design
Quartzglass  Opticalpad  Nal(Tl) crygiak=~
LE
Optical grease N 'l ltiplier
T PMT

IDM 2026 12 Gyunho Yu



COSINE-100U
2. Higher light yield : New encapsulation design

Quartz
Current encapsulation design
Quartzglass  Optical pad  Nal(Tl) crystak=
™
Optical grease
o ° }
New encapsulation design -

Optical Pad PTFE inner structure

No quartz light guide

. efficient light collection

Photomultiplier  Nal(Tl) crystal Brassbolt

Optical pad

IDM 2026 13 Gyunho Yu



COSINE-100U
2. Higher light yield : New encapsulation design

~10 % mass loss

Original Cut edge Direct PMT

attachment E .
ncapsulation

IDM 2026 14 Gyunho Yu



COSINE-100U

2. Higher light yield : New encapsulation design

Crystal # | Size (inches) Light Yield (p.e./keV)

1 50 X 7.0 149 + 1.5 24.5 1+ 0.9
2 4.2 X 11.0 14.6 + 1.5 249 + 0.5
3 42 X 11.0 155 +£ 1.6 27.7 £ 0.5
4 5.0 X 15.3 149 + 1.5 22.6 1.5
5 5.0 X 15.2 7.3 £ 0.7 17.8 £ 0.5
6 4.8 X 11.8 14.6 + 1.5 209+ 0.6
7 4.8 X 11.8 140 £ 1.4 22.51 0.6
8 5.0 X 15.5 3.5 + 0.3 15.8+ 0.3

~ COSINE-100 COSINE-100U

IDM 2026

Light Yield (p.e./keV)
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Overall ~60 % enhancement
in Light yield
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COSINE-100U
3. Reduced background

COSINE-100 3-year background modeling 202 y

84%
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o 210Pp at the surface of the crystal makes partial energy deposition

e |n COSINE-100, surface 2'0Pb is one of the dominant background in WIMP RO

e surface 210Pb « Surface alpha

IDM 2026 16 Gyunho Yu



COSINE-100U
3. Reduced background

Alpha spectrum of COSINE-100 vs COSINE-100U
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e \With the new encapsulation, reduced surface alpha rate observed

e Can expect a lowered background rate in WIMP RO
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COSINE-100U initial data example

Lowerd

surface 21°Pb }

IDM 2026
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COSINE-100U

3. Reduced background

Crystal 2

jel- === COSINE-100

= COSINE-100U

o e b b Lo Lo Lo L

10 20 30 40 50 &0 70
Energy [keV]

Commun. Phys. 8, 135 (2025)

20.0 F —— COSINE-100
175 L —— COSINE-100U
- ---- COSINE-100 PMT
'§ 15.0 - ———. COSINE-100U PMT
_92 12.5 F
~
D 100}
~
hd,
275
3 5o
5.
O
2.5 F
= o o= __o-ZZSzIIT-
f No-quartz 10 20 30 40
PMT effect Energy [keV]

Expectation in Geant4 Simulation

e > 30 keV : Increased from no-quartz effect (consistent with simulation)

e <20 keV : lowered from reduced surface 210Pb

e Lowerd background rate in WIMP ROI

18
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COSINE-100U

4. Low temperature operation

Nal(TIl) LY’s temperature dependency NPE Measurement in -35 °C
Eur. Phys. J. C 72, 2061 (2012) Astropart. Phys. 141 (2022) 102709
1 *** I t't i 80—
s
! 2
0.8 | c
2 . | S o
> | £ i l @
§’o.6 )} ftt I S
5 - - ' 8 s
o . ' =
0.4+ . - I S
- | pd
| IR
0 6 5IO 1 (IJO 1 I50 260 2I50 3I00 0 “

temperature [K]

Number of Photoelectrons

It is known to have higher ~5% increased

Light yield in ~ -30 °C
Light yield measured

IDM 2026 19 Gyunho Yu



COSINE-100U

4. Low temperature operation

Alpha spectrum using 219Po in -35 °C
Astropart. Phys. 141 (2022) 102709

Fridge room ! o g Quenching factor also
> / }‘ % | can be improved
§ 0.01— | + % .' { .‘.
30 T ~9 % higher alpha-QF
1A SR has been measured
lusttts douindincd s g’ Py ot s s 600
Energy (keV)
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COSINE-100U

4. Low temperature operation : Stability check

Room temperature stablllty check in Air (~ 4 Months)

25 -

- Constant fit y = p0

Light yield (PEs/keV)

Y et
. =l
e
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k4

IR Fa
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1 | ! | 1 | 1 | 1 | 1 | ! | 1 | !
2024.12.19 2025.01.02 2025.01.16 2025.01.30 2025.02.13 2025.02.27 2025.03.13 2025.03.27 2025.04.10
Date

-33 °C stablllty check in LS (~ 5 Months)  uinsT 21 (2026) T03010

26 -

- Constant fit y = p0
25 __. .................................. Lightyield=23-1 ..... i"o.O(PESikQV) ...................................................................................................................................................................................................................................................................................................................................

24:_ .................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

22:_ .................................................................................................................................................

o Stable operahon at -30 °C has been tested

20 : L | L 1 | ! 1 L | 1|
2025.07.11 2025.08.10 2025. 09 09 2025. 10 09 2025. 11 .08 2025.12.08

Date

Light yield (PEs/keV)
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COSINE-100U

Installation detail

Detector room Cooper box & LS PM nstall side lead shield

IDM 2026 22 Gyunho Yu



COSINE-100U

Installation detail

Fill Liquid Scintillator Cover the top lead

IDM 2026 23 Gyunho Yu



COSINE-100U

Installation detail

T | s T s
[ [ [ ea | ws | an | s | as | aa

Installation

28t July 202 25th Sep 2025

28th May 2025

Wrapping the shield to Install Plastic scintillator
prevent air contamination for muon veto

Start physics run !

IDM 2026 24 Gyunho Yu



Installation

Calibration @ R.T.
Physics run @ R.T.

—— DAQ On
—— Good + Calibration
-== 100%

Livetime (days)

IDM 2026

COSINE-100U

1st data taking finished

e | s T
[ es [ [ aw [ o [ ww | e [z |

o o o =
I o (o4 o

Efficiency (%)

o
N

good

Run Fraction
off

test

Started physics run Sep. 2025

51.4d
(22.0%)

e ~100 days data in room-temperature

67.3 d
(28.8%)

tfinished, and analysis going on

calibration

bad
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WIMP-proton SD cross section (pb)

COSINE-100U

Expected sensitivity in SD model

COSINE-100U sensitivity

: 1-year operation & 0.35 keV threshold

\\ CRESST-III Li

SD WIMP search.

Collar

—— - COSINE-100 (Migdal) —— - COSINE-100

— - COSINE-100U 1o (Migdal) - COSINE-100U 1o

e Can cover world-best sensitivity in MeV scale

e Details of COSINE-100U can be found in
Commun. Phys. 8, 135 (2025)

1073

COSINE-100U 20 (Migdal)

COSINE-100U 20

PICO-60

IDM 2026
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COSINE-100U

Lowering temperature

T s s
[ [ [ ea | ws | an | s | as | aa

Calibration @ L.T.

Physics run @ L.T.

Temperature o) -
o 8
< 10°[
c
O 10—
©
— Crystal temp NS
»
5| _
@ 10°F
o -
o -
8 10° —
0.0 °C c —
S
S 10—
-10.0 °C QC,_’- | —— - COSINE-100 (Migdal) —— - COSINE-100
M i ' M = 10— -cosmeou 1o (Migdal) - COSINE-100U 1o
”200 OC . o S W TS e e e T TR ; Sall
[ COSINE-100U 20 (Migdal) COSINE-100U 20
10_3 [ Ll Ll

04/07 04/11 04/15 04/19 04/23 04/27 05/01 05/05 05/09 05/13 05/17 05/21 05/25

' WII\/:gMaSS (MeV/c?)
e |n April 2026, we started to lower the temperature down to -25 °C
e Even lower sensitivity can be possible with low-temperature operation
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Summary

e COSINE-100 has moved to it's upgrade experiment, COSINE-100U

e Upgradesin COSINE-100U

1. New underground laboratory : Yemiliab
2. Higher light yield with new encapsulation
3. Lower background rate in WIMP RO

4. Low temperature operation condition

e ~100 days of room-temperature data is collected so far.

e World best SD WIMP-proton scattering sensitivity is expected.

IDM 2026 28 Gyunho Yu
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COSINE-100U

Lowered background
COSINE-100U initial data Expectation in Simulation

Crystal 1 Crystal 2 Crystal 3 Crystal 4

. Commun. Phys. 8, 135 (2025)
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COSINE-100 experiment

15 institutes ~60 DM-ICE -
members

Korea Invisible
Mass Search Experiment

| L7
| | N
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COSINE-100 Motivation : DAMA/LIBRA's claim

Gran Sasso
' National A = 0.0096 = 0.0008 counts/day/kg/keV,

. Laboratory | pAMA/LIBRA Modulation signal ¢ = 145 5 days

b )
ra P.Belli, EPS-HEP Conference (2021) I'=0.2987+0.0008 yr)

2-6 keV
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Time (day)

PMT h

sDAMA/LIBRA : Nal(Tl) based direct dark matter search in Gran Sasso

eClaimed to find annual modulation, compatible with the nature of DM candidate
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COSINE-100U

Reduced low-energy & surface 210Pb

Surface alpha rate in COSINE-100 — COSINE-100U
urtace alpha rate In ~ Alpha spectrum of COSINE-100 vs COSINE-100U

2 —
Crystal # LowkE Alpha (nBg/cm?) 10 - COSINE-100
> L
1 33.07 £ 3.70 38.31 £ 5.98 8 [ T VN
‘ BT 6 e~ i GO (S g A e s S e e ; E
4 Q _
2 §| 39.61+3.76 20.07 + 410 3 < -
; » oL -1
’\ | é 10 é. .
3 §| 71734506 20.91 + 4.18 £ L n el
' g 10_2_ B
4 §| 24274231 14.95 + 2.78 © F
5 - 10.71 + 2.34 0 =1%o 2000 3000 4000
e Energy [keV]
6 120.9 + 5.90 14.05 + 3.07
e With the new encapsulation, reduced surface alpha rate observed
7 95.35 + 5.24 19.41 +3.60 |
T———————"1 e Can expect the lowered background rate in WIMP RO
8 — 16.32 + 2.89
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Beyond COSINE-100U
Development for ultra-pure Nal(Tl)

New crystal development Simulation of background in new crystal

EPJC 80 (2020) 814
CA. Shin ot o, INST 15, COT001 @020 : DAMA/LIBRA
A Shin et at, ’ Internal
K.A. Shin et al., Front. Phys. 11, 1142849 (2023) background level
TE= [ ocemogenic
'§ - 1] External
D [ m , NN
x - Y . A0 s 0 ol A -~ Y % Y % Y% W Y Y
> R A eyl & N
2 B G N
L10 R
=10 '
S
jRctcciaean!
107, 10 20 30 40 50
Energy (keV)
R&D for big & pure crystals are ongoing Ultra pure background in expectea
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Beyond COSINE-100U
COSINE-200 & 1T sensitivity

Sensitivity for COSINE-200 & 1T

—
)
o

EEE

SRS ST SUONE S SO0 U OPUUUOOOTI W PUSOO UUOO SUUNE SO SO0 S 0 OO SO SO SO
107 E e RV R S
X WAL Collar

. . . . . ~ . . .
RS SRRt b SRRt~ AR R S i it b L bbb bl
: ¥ o Ve : : : Ll N : : :

10% e Mg i T N e

AL S S i SR N ISR R B R RN, N - e 200 kg and 1T experiment with improved

S 0 A R b S N L i light-yield can be possible.

1 . | = COSINE-100 === COSINE-100 Migdal
|- | —— COSINE-100U COSINE-100U Migdal |i . £ i N\ . Now b

| —— COSINE-200 - - = COSINE-200 Migdal |} i N

WIMP-proton SD cross section (pb)
o

| —— COSINE-IT === COSINE-IT Migdal i sy N

—
<
I

102 10°
WIMP Mass(MeV/c?)

IDM 2026 35 Gyunho Yu



WIMP Annual modulation

Ll N ] A |l N L N I

L Standard Halo Model A
June 1

. L " ! . 1 N 1 A 1 M 1 .‘ - [~==
0 100 200 300 400 200 600 700 June Dec
Velocity [km/s]

Rate of WIMP elastic scattering

@ R
P %
ROCNT'U)(N'—)( f( )d\/
m,), v
LI’I’lllfl J

*|n Standard Halo Model (SHM), WIMP wind velocity modulates in the Earth frame.

eModulating velocity - Modulating WIMP scattering rate
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Contradictions from other experiments

Particle Data Group : Review of Particle Physics (2024)

Already excluded by
many experiments

-

9
W
o

-

9
1N
o

10744

Maybe, Nal(TI)
detector Is something
special for DM
Interaction?

-

9
1N
(0)]

SI WIMP-nucleon cross section [cm?]
o
5

-

9
(9
o

100 101 102 1C
WIMP Mass [GeV/c?]
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https://pdg.lbl.gov/2024/web/viewer.html?file=../reviews/rpp2024-rev-dark-matter.pdf

Nal(Tl) DM searches in the world

i COSINE (Y2L)

9 ¥ PICO-LON

(Kamioka)

ANAIS (Canfranc) Q Q

e,

DAMA (LNGS)

SABRE (LNGS)
COSINUS (LNGS)

| Latests results with |

DAMA/LIBRA

ANAIS-112 SABRE(Stawell)

string 79

COSINE-100 |

DM lce (South Pole)

¢
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COSINE-100 experiment

Data taking

Data Monitoring>200 parameters

Real-time monitoring for stable data taking

DAQ system:

igh voltage, P

MT current ..

Environment parameters : Temperature, Humidity ..

DAQ rate
80 Hz

60 Hz

40 Hz

0 Hz
3/11 3/14 3/17
== FADC rate == M64ADC rate

o et Lo ol VARTSPISPTIN RN AL T ——

emperature : 242 = 0.1°C

Neutron Rate

B I IR A A P T e R Y RS

IDM 2026

O oAty

-« Irigger Rate ‘

TPSUNPY O S PRHY SPr S YRR

at crystal ™~

fﬁu;&mf’v’l?%u”%&fym"ﬁé s

39

26

— Crystal
V\K‘ ,{\-, A AL
il U, . --'., -
| === Room
| b) Humidity
Room
B — LS Top
c) Rédon
— Room
- d) Cosmic-Ray Muon
- Tt
cg P +t+T 4
T T

300

400

Days Since Jan. 1, 2016

500 600 700 800 900

Phys. Rev. Lett. 123, 031302 (2019)
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COSINE-100 + ANAIS-112

Simultaneous fit of each 3-year data
Phys. Rev. Lett. 135, 121002 (2025)

Background subtracted residuals

Modulation (cpd/kg/keV)

Modulation amplitude summary

$

3.7 0

R 3

L
-

2.6 0

[1-6] keV

[2-6j keV

DAMA/LIBRA
Least-Squares
Simple
MCMC

30

20

1o

¢
o
o
°
1]
[ ]

* MCMC & Least-square :simultaneous fit

* Simple :average of each fit

Used first 3-years of COSINE-100 & ANAIS-112 — disfavors DAMA 30

E 015" _ COSINE-100 (a) Single Hit [1-6] keV
g 0107 —ANAIF-’ 12 |
0.05F | I
:i: 0.00- 1] J[' 'H' %"{’.,IHH.. H4|| #M‘J['#Hl#k 'l[lh rﬁw mﬁ t{" |
Bl LA
Qd_()“mz_(l)o 200 600 800 1000 1200 1400 1600
E 015 (b) Single Hit [2-6] keV
E’ 0.10 +
o) 1 | T
5 zzz m t |H| .IIH..'#‘_:“ hl R fid .thlﬂﬂ | wﬂﬂ# .Wﬂ ! g
5_0.05 H{ H i J{ &](WT” ]lH T}(T H}[ I TTF | ﬁ
2 _0.10- I
~ 200 400 600 800 1000 1200 1400 1600
Days since Jan. 1, 2016
IDM 2026
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Average of each COSINE-100 & ANAIS-112 6-year result — disfavors DAMA 46

IDM 2026

COSINE-100 + ANAIS-112

Average of each 6-year modulation fit
Phys. Rev. Lett. 135, 121002 (2025)

Modulation (cpd/kg/keV)

Combined COSINE-100 & ANAIS-112

DAMA/LIBRA
COSINE-100 6y
ANAIS-112 6y

Combined 6y

DO
4 o

] 30
- 20

la.686 | 13.53¢6 1o

IIQOOO

[1-6] keV  [2-6] keV
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Model-dependent analysis
Spectral analysis in 3-year data : S| model AcceptcCli

— 10°
4 — —+- Data — Best fit --- DAMA signal —
_ K] Internal [_]Cosmogenic []Surface - == COSINE-100 3-year
3 [ B External ]+ 1o + 20 107 16 band
” X" 2 o band

_____ - DAMA/LIBRA

Counts/keV/kg/day
N
-7 1 I

COSINE-100 (1.7-year)

/

WIMP-nucleon Sl cross section (pb)
o

10_65—

@ - -

2 1A e B

N e —— 107" =

oL -

== 0.9 = B
cZ — 51 . - . . 1'0 : . ' : 15 10—8 E | | Lo | | | N
10 107 10°

Energy [keV]

WIMP Mass (GeV/c?)

Bayesian test of WIMP spectrum using MCMC fit.
Full exclusion of DAMA/LIBRA 30 region
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https://arxiv.org/abs/2501.13665

Possible DAMA explanation
Bias from DAMA's method ?

DAMA/LIBRA's analysis method

® No LS Veto

® No Muon Veto

Event Rate (dru)

® DAMA parameter for event selection

® 500 ns waveform integration window.

:l 1 1 1 1 1 l : 1 1 1 l 1 1 1 : l 1 1 1 1 1 : 1
200 400 600 800 1000 1200 1400

® Yearly averaged background rate model Days from January %, 2016

Possible bias from rate model

suggested at JHEP 20, 137 (2020)
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Possible DAMA explanation
Bias from DAMA’'s method ?

DAMA/LIBRA's analysis method

® No LS Veto

® No Muon Veto

® DAMA parameter for event selection

® 500 ns wavefo

® Yearly averag

IDM 2026

rm integration window.

ed background rate model

Rate

Residual

4.2
4.1

3.9
3.8
3.7
3.6
3.5
0.2

0.1

-0.1

-0.2

Single exponential

Scientific Reports 13, 4676 (2023)
Yearly Averaged (DAMA model)

l

(a) Single-hit at 1-6 keV

h
‘ ¢
1444
’ ,‘
)| 11!

: (bﬁSingle-hit at 1:6 keV

2 RIS . E+
l: ‘.“ l :
: ‘ ~h ".l..,..

o ,,

1 il 1 |
' Sept. 16 - Aug. 17" Sept. 17 - Aug. 18 Sept. 18 - Aug. 19!

ic) Residual rate at 1-6 kéV

- Amp: 0.005+0.006

(d) Residual rate a; 1-6 keV

ﬂ * r_-i * {{ ]

Amp: -0.044x0.006

COSINE-100 data applying DAMA method gives clear modulation

(~70, opposite phase)
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DAMA/LIBRA's analysis method

® No LS Veto

® No Muon Veto

® DAMA parameter for event selection
® 500 ns waveform integration window.

¢ Yearly averaged background rate model

Possible DAMA explanation
Bias from DAMA's method ?

Scientific Reports 13, 4676 (2023)

Rate (counts/keV/kg/day)

Residual (counts/keV/kg/day)

2000 Time dependent (Days)

Pseudo data

-0.0098 = 0.0008

DAMA/LIBRA

0.0105 £ 0.0011

Pseudo data analysis based on DAMA’s background rate & COSINE-100 background

composition shows similar modulation amplitude (opposite phase)

IDM 2026
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Search for low-mass WIMP
Spectral analysis in 3-year data : SD mode| MRS

10% i

\ CRESST-III Li

—
o
~

M T T 7 'c_ls A II/'I A
|

Na(Z=11)&I1(Z=53)
*Proton-odd targets

Collar

—
o
O,

—sensitive in SD model

*| ow-mass target (Na)

—sensitive in low-mass WIMP
COSINE-100 3-year

COSINE-100 3-year (Migdal)
(Secondary radiation of recoil )

Searching for Migdal effect of WIMP
—Down to sub-GeV WIMP

—i
<

s weem = COSINE-100U 1-year expectation

WIMP-proton SD cross section (pb)
o

—— + — COSINE-100U 1-year expectation (Migdal) PICO-60

L
10°
WIMP Mass (MeV/c?)

Competitive results in low-mass WIMP search
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https://arxiv.org/abs/2501.13665

WIMP Search with Nal(Tl)

Crystal Target

e High luminescence efficiency (~104 p.e./ MeV )
e Fasyto grow & Cheap

e Can be produced in large size

— |ncrease statistics
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WIMP Search with Nal(Tl)

Crystal Target

e High luminescence efficiency (~104 p.e./ MeV )
e Fasyto grow & Cheap

e Can be produced in large size

— |ncrease statistics
PMT '

. X
e Advantages at WIMP detection \
. . (Sp) (Sn)
— Can search both Sl / SD interaction channel. 1277
: . : : . Experiment
— High sensitivity to SD interaction : 100% proton-odd nuclei 5 . A 0.300 0.075
Nijmegen II 0.354 0.064
0”” = (—)Grp( 7 )[(Sp)ap + (Sn)an]” (S,) (Sp)
n 23
Na
(S,) : average proton spin contribution Experiment
| Calculation 0.2477 0.0198
a, :WIMP-proton coupling OGM 0.1566 0.0
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Canonical WIMP scattering concept

Differential rate of WIMP scattering

(V) | J(v, 1) : time-dependent velocity distribution (SHM)

— 5 U(Q)PX / d3,U f(V7 t) | p, - local DM density = 0.3 GeV/cm?
Umin

E. . : Nuclear recoil energy

Scattering WIMP Velocity requirement term p : Reduced mass

Cross-section

WIMP scattering total cross section : dependency on target material

J(Q) — O'OFZ(Q) — O-SIng(Q) _I_ USDFgD(q) F(q) : nucleus form factor

- 4
Spmmdepegento-SI — ;/J’z [pr + (A _ Z)fn]2 J, or f,: proton or neutron coupling constant

a, : axial four-fermion WIMP-nucleon couplings

- 32 J+1
PAPEneent o8P = ()G (S5 ) (Sp)ap + (Sn)anl®

T (S,) : average proton spin contribution
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