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Nal crystal for particle detection

Pro =TT @
« High light output S RN
% 40,000 photons/MeV

% >60,000 photons/MeV?

« Easy to grow
% Cheap

Properties From Saint-Gobain
’:’ Large SIZG Density [g/cm?] 3.67
 The most widely used scintillator Metting point [K] 24
. . . Thermal expansion coefficient [C'] 47.4 x 106
* Mixture of low and high atomic numbers | - oo
Con Hardness (Mho) 2
Hygroscopic yes
* Huge hyg rOSCOpIC materlals Wavelength of emission max [nm] 415
« Contamination of natural Potassium Reftactive ndex @ omksionmax. 185
‘:‘ _ 3keV X—ray from 40K irir:an./ decay time [ns] 250
. - . . [;%ottglneslfkeVy] 38
¢ NO gOOd Identlflcatlon Of nUCIear reCOII Temperature coefficient of light yield -0.3%C"
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Annual modulation signal from DAMA
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Global Nal(Tl) efforts

COSINUS
@ LNGS
DAMA
@LNGS o, KIMS/COSINE |  nNature 564, 83-86 (2018)
SABRE @ Yangyang | Phys. Rev.Lett. 123, 031302 (2019)
@ LNGS In Data-taking,
%

k.

By / PICO-LON

ANAIS .
@K k
@Canfranc amioka

S d ABRE
i , In Data-taking S Stawell
oY ANAIS results. @ awe

2°"1‘:" . -8n bax Phys. Rev. Lett. 123, 031301 (2019)
om ancsent lea *

40 cm meutron shielding

1T
DM-Ice @ South Pole
l == I
* b M
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Why it is so hard to reproduce DAMA?

e, NAIAD . DM-lce B ANAIS-o prototype
:::ﬁzsi_tropart. Phys. 19, 691 (2o¢)3)§2o :'amd:om‘”m 3 n DS atter fler 4
A £ ABRD 95, 032006 (2017) | £ Eventsafes it 4
3 £ coo00005583388888883888888 g'o S = T) 10 - (P1s>0.4)
Z DAMA g 5 AT o PJC 74, 3150 (2014)
B Hilger. VIMS s =5 </ Saint Gobain
.[ Bicron, Hilger, g s y
ol e . / _bpAmA
10 _2(; """"" S TR "R TRy E’l"o- 3 10 15 20 25 :;o *K 2 4 6 8 10
Visible energy, keV Energy (keV) E"ergy (kCV)
DAMA/LIBRA ~ 1 counts/kg/keV/day (=1 dru)
* No other experiments achieve the low-background rate of Nal(TI)
« Saint-Gobain lost the technique for low-background Nal(TI) crystals
** Confidential contraction between DAMA and Saint-Gobain was finished
already
Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 7



COSINUS

« Simultaneous measurement of photon and phonon using
pure Nal crystals (low temperature detector)

. . . P
¢ Nuclear recoil can be well identified by
t bath =~ 10 mK 5.9 keV from 5 Fe

Recoil energy (keV)

Crystal from SCICCAS, china 3x8 detector
COSINUS in LNGS was approved in 2021

Detector installation at LNGS was started

Plan to start physics operation by end of 2023

K. Schaeffner @ IDM2022
Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 8




COSINUS @ LNGS

Control Building

[IME LINE — COSINUS T ¢ reuycr aur

Wat(ir tank

control building 0 First dark matter result
electrical infrastructure

cleanroom commissioning

cryostat commissioning 2021 | 2022 | 2023 | 2024 |
Facil Ity Construction of facility ) 4
+

DISI(STe1 (o @M Final Detector Design 0 >.8 dets)

Measurement ) 100kgd)> 4 :
K. Schaeffner @ IDM2022
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PICO-LON

« Development of low-background Nal(Tl) crystals in Japan
Non-purified Nal
o s e Tastita ‘

A. Kozlov @ VCI 2019
A Nal(Tl) ingot
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Ingot26 Ingot7 I Ingof'73
(2015) (2018) (2018)

Crystal size P ORI X
natK (ppb) 2630 <20
232Th (ppt) 0.4+0.5 1.7£0.2
238 (ppt) 4.7+0.3 9.7+0.8
21%Pb (uBa/kg) 29.4+6. 1500
6
Pb resin
Purification + N
Cation crystallizati
methods exchange on XZZ

resin

PICO-LON : Background

Alpha energy

COUNTES a1 0 bo
-
s

events / (1 day e kg e keV

10

K. Fushimi @ TAUP2021
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Live Time = 1.99981 days; Run3001 to Run3002

#94

- arXiv:2112.10116

|

1 I 111 | 111l | 1 11 1 | 1
60 80 100 120 140
Energy (keV)

II|
40

202172022 Construction of large volume NaI(Tl).
Test experiment starts from 2022.

3" $x3" 3" ¢$x3" 3" $x3”
<30 <20 <20
1.8+0.2 0.3%£0.5 <6
9.4+0.8 |.0£0.4 2
1300 | <5.7 <5
Re- Re-
Re- crystallizati  Crystallizati
crystallizati onX2 °“:_< 2
onX 3 e .
Resins Resins
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Dual site experiment:

SABRE

A. Mariani @ IDM2022

- SABRE North at Laboratori Nazionali del Gran Sasso (LNGS), in Italy;
- SABRE South at Stawell Underground Physics Laboratory (SUPL), in Australia

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali del Gran Sasso

Several industrial partners involved:

¢ ultra-high purity Nal powder (Astro Grade) with nK levels consistently lower than 10 ppb and 1 ppt upper limit
on U/Th content, in collaboration with Sigma Aldrich, now Merck;

¢ clean growth procedure using the vertical Bridgman-Stockbarger technique, where the powder is placed inside a
sealed ampoule, in collaboration with Radiation Monitoring Devices, Inc. (RMD).

Nal-31
before cut and polishing

Final mass:
~3 kg

natk content
(ICP-MS):
17.7 = 1.1 ppb

Nal-33
after cut and polishing

Final mass:
~3.4 kg

natK content
| (ICP-MS):
4.6 = 0.2 ppb

» lowest

potassium level
ever achieved

Already characterized @LNGS

Nal-35
encapsulated

Final mass:
~4.4 kg

Nal-37
after cut and polishing

Final mass:
~4.5 kg

natK content
(ICP-MS):
7.8 = 0.5 ppb

PRELI MINARY

In measurement @LNGS

To be characterized @LNGS in |4
the next few months

IBS)
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Rate [cpd/kg/keV]

SABRE PoP-dry
N . SABRE SOUTH
e Commissioned in March 2021, took data @LNGS until -

June 2022.
* The goal was to measure the background level in the
ROI without an active veto.

9.6 m? EJ200 scintillators for
muon detection and rejection

Feedthrough Shielding to reduce
plate external background:
-8 cm of steel
OFHC Cu -10 cm of PE
enclosure -8 cm of steel

Teflon internal
structure

7 Nal(TI) crystals in Cu enclosures
(each with 2 low radioactivity PMT¢
7.6 cm R11065

Hamamatsu PMTs

3 -18 R5912 PMTs for veto
Nal(Tl)
crystal

Crystal procurement ongoing i
with SICCAS and RMD

Veto vessel filled with 10T
of LAB from JUNO doped
with PPO (3.5 g/L) and
Bis-MSB (15 mg/L)

=% r ‘ .
A. Mariani @ IDM2022

Reflective lumirror coating

8k o ANAIS-112
— iNal-33 is the best crystal ever | x cosine-100
7 produced after. DAMA/LIBRA SABRE Nal-33
o in terms of radio-purity X DAMAILIBRA phase-1
! A DAMA/LIBRA phase 2 | C - - -
- . [ ]
3 - ommissioning
_ Coarasa, I. et al., Eur Phys J.C, 79: 233 2019.

5 i +---Adhikari P. et al., Eur. Phys. J. C, 78:490, 2018."
Bernabel R et al., Nuclear Instruments and Methods in Physics
Research A, 592:297- 315, 2008.

T
e

until 2023

4 R Bernabﬂ R et al., Nucl. Phys. Atom. Energy, 19:307-325, 2018.-
= 8 o -
[ ) S SN - URROMRNS SURNSUUE SRS SRS SIS SUSSUE SR SO
: * Plan to start data
2F .
E taking at late
o A‘“A““ A‘AA“AMAAAAAAMA“‘A“‘
0|||||||||\r||||||||||||\r|||||||||||| 2023

2 4 6 8 10 12 14 16 18
Energy [keV]
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Nal(

l) development with Alpha Spectra (AS)

« Joints R&D between three (ANAIS, DM-Ice, and KIMS)
collaborations and Alpha Spectra company since 2013

KIMS-Nal
10° —}— data —— totalMC ~  —ee-- PMTs, 22U (group 1)
—— Nal-005,*K  —— Nal-005, 2Pb surface =~ —— PMTs, ?®Ra (group 4)
Nal-005,2Na —— Nal-005, '°Pb bulk PMTs, %*Ra (group 7)
—— Nal-005, ?Te  ----- PMTs, ¥k PMTs, 2*Th (group 8)
----- Nal-005, @I —— Nal-005, "®"Te ----- Nal-005, ®"Te

Counts/day/keV/kg
R

T

[T 11

1__

"Illlll | IIlIIII| 11

—
10-‘3—____=.--- <
o2l B l |
= ,'.1
[ : ' |
10—3 _I_I_I_Lil.“ | LR AR ¥ e Il 1 l*ll ﬂ
1 10 107 10°

Energy (keV)

Astropart. Phys. 62, 249 (2015)

EPJC 76, 185 (2016)
EPJC 77, 437 (2017)

NIMA 103, 851 (2017)

High light yield ~ 15 PE/keV

counts / keV / kg/ day

-
o
)

ANAIS

-
o—l

7

data D2 a
—— sim with hypotheses :
—— sim with hypotheses+surface “"Pb |

vvvvvvvvvvvvv

40 50 60 70 80 90 100
Energy (keV)

NIMA, 742, 197 (2014)
JCAP 1502, 046 (2015)
EPJC 76, 429 (2016)

0 10 20 30

Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS) 14



Nal(

l) development with Alpha Spectra (AS)

« Joints R&D between three (ANAIS, DM-Ice, and KIMS)

Counts/day/keV/kg

collaborations and Alpha Spectra company since 2013

KIMS-Nal High light yield ~ 15 PE/keV ANAIS
"'l"'I"'I"'I'"I"'_'+'_'&at;"""""_ 61 S R S L L S S S B
10 — Nal005, *K N ——data D2
——— Nal-00s, “*Pbsurface | ] 5 | ——sim with hypotheses 1
o :::ﬁ: :ﬁz ] —— sim with hypotheses+surface *“Pb
8 —— PMTs, 22;*"Ra (group 4) t
------ PMTs, “K 4
—— total MC

PJC 77,437 (2017) -

M

counts / keV / kg/ day
N w
T—
A/
\_

- [Tt
2 1 ————— %M‘f’" -
B L 0 | 1A
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Energy (keV) Energy (keV)
m==) COSINE-100 mmm) ANAIS-112

2-4 times larger than DAMA
Reduced %K but, still contribute significantly

210Pp is the most significant contribution

Cosmogenic activation is unexpected problem from AS
* AS is located in Grand Junction, Colorado (~1,000 m altitude)

N4 & EPJC 76, 429 (2016)
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ANAIS-112 (Since Aug/2017)

5 sob 100%
©  400F
2 o 524.44 kg xy @ June 7, 2022
" -
200
ook M.L. Sarsa @ IDM=2022
E Background
0 — B0 f000 1800 >
Days from 3 August 2017 E, =
. 2 F YA\ Simulation
Cut- based event selection Efficiency i N
\
= 10 > 1E ———— i \
g’ 9 Fumr:khn Physical Journa 1.C.7942019).228.05 § 0_92 / . 10" - Data
X E > o
=< 8 5 0.8E v s
> 7h = 0.7 // —detector0 ] -
| ©o E —detector 1| N
= 6 - 0.6 detector 2 500 1000 1500 2000
S E% 0.5:_”__// - detector3 | energy (keV)
o OFY i/ -~ dotoctora | PRD 103, 102005 (2021
© 4; “E // —— detector 5§ > .
(e E 0.3.% — detector 6 ... ; [ \
3: E / — detector 7 g
2; 0-2-_:" -~ detector8 | %
1f 01 &
0E— i 01 2 3 4 5 6
2 4 energy (keV)

energ))/ (kth),0
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ANAIS-112 (3 years result)

Expected sensitivity

313 kg year data
a3 — 4l-  [26]keV
Time de g0 e, <1 I
| pendent backgrouqd g T Zx//.
modeling based on cosmogenic s* .. . 2 /(
, D 20 frreslbing gyl ttemeeenten, |/ ', [— ANAIS-112 expected sensitivity |
understanding 1 S O O B i e T /7 T oL sge
.......... SO —y
Unmatched background ~» . O 3y f
(PMT noise?) may be days after 3rd August 2007 3
2
assumed constant (Eq5, 6) -
- 1 s
Eq.4 R(t) = Ry + R exp(—t/1) + S cos(w(t + ¢)) [3 nuisance par: Ry, R, T | / Y

Eq.5 R(t) =Ry + R{PDFyig + Sy cos(w(t + ¢)) [2 nuisance par: Ry, Ry] ’ 1 ’ ’ * regl time (y§s
P . S 3 years data ~ 2.6 0 away
-6 R'(t) = Ry + RiPDFpy + S cos(w(t + c,b)) [18 nuisance par: R, R}] from DAMA/LIBRA
. x-/NDF nuisance S
Energy region Model null hyp params cpd/ke/keV p-value mod p-value null
eq. 4 1327107 3 -0.0045+0.0044 0.051 0.051
[1-6] keV eq. 5 143.1/ 108 2 -0.0036+0.0044 0.012 0.013
eq. 6 1076/ 972 I8 -0.0034+0.0042 0.011 0.011
eq. 4 115.7 7 107 3 -0.0008+0.0039 0.25 0.27
[2-6] keV eq. 5 120.8 7 108 2 0.0004+0.0039 0.17 0.19
eq. 6 1018/ 972 I8 0.0003+0.0037 0.14 0.15

PRD 103, 102005 (2021)
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ANAIS-112 (3 years data revisiting)

Boosted Decision Tree (BDT)-based machine learning pp 1. Sarsa @ IDM2022

energy (keV)

—~ A — BDTcal
%10— BDT neu
;% 8: — ANAIS-112 cuts
< O
= B+
q) -
2 6:”'-'-___+
8 F .
)
s &
o

O s 2 25 3 35

~ b

energy (keV

- e e
s

* Phy

PRD result

0.02

energy (keV)

0.015

0.005

-0.005

(cpd/kg/keV)

-0.01

Lt

modulation amplitude

-0.015

-0.02

modulation amplitude

(cpd/kg/keV)

1__ o ——_——
osf - _—
5 L= =
.50.6_—_ _—
O B
Foab ~
= —— BDT cal
0.2F BDT neu
- —— ANAIS-112 cuts
O_ Lo bl v by s T T
1 1.5 2 2.5 3 3.5 4
energy (keV)
Ololzewsn with BDT
0.015
0.01 ¥ . —i— DAMA/LIBRA result
0.005
—o— ANAIS-112 best fit
0 -
-0.005

o AR TR
[1-6] keV [2-6] keV \? -

Incompatible with DAMA at 3.80 (4.20) in 1-6 (2-6) keV region




- COSINE-100 collaboration
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YangYang(YZL) Underground Laboratory
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i Y21
S
L0 UPE R AT YUT YUS
o

K Mig ﬁl&E (Dark Matter Search)
‘Aﬁi’&ﬁ Dotible Beta Decay Experlment)
Minimum depth : 700 m / Access to the lab by car (~2km) 20



COSINE-100 detector configuration

Nucl. Instrum. Meth. A 1006 165431 (2021)
Nucl. Instrum. Meth. A 851 103 (2017)

JCAP 02 013 (2021) JINST 13 T02007 (2018)

4t Muon Counter

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

m
JINST 13 T06005 (2018) gt B

Neutron Monitoring
Fast neutron detector
(Liquid scintillator)

Thermal neutron detector
(®*He gas detector)

Liquid Scintillator
2200-L LAB-based LS for veto
5-inch PMT(R877)s for LS detector

Nal(Tl) erystals

Eur. Phys. J. C. 81 837 (2021)
Eur. Phys. J. C. 78 490 (2018)

. - Nal(Tl) detector
8 low-background crystals
Each crystal is encapsulated in copper
Two 3-inch PMTs for each crystal

B\
Shields

3-cm thick copper box

20-cm thick lead shielding (R12669SEL)

Eur. Phys. J. C. 78 107 (2018)

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 21



COSINE-100 data exposure 9

COSINE-100 Accumulated Data

- COSINE-100 Preliminary NS BU— AU S S S
_ Total Livetime :2073.1 days ( 95. O..‘?/o) ......... SET445V ............ E )1r0rr
1600 ..... Good Data :2037.1 days (93.3- %) .................................. R . ..........

| | | | | ‘ |
/31,05h 12/31,11h 12/31,17h 12/31,23h 12/31,05h 12/31,10h 12/31, 16h
2016 2017 2018 2019 2020 2021 2022
« Stable operation Since Sep. 2016 for about 6 years
« ~95 % physics data
+ ~93 % good quality data (~5.6 years data)

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

Event selection o

« Two-fold trigger can reach to 0.15 keV trigger threshold
 PMT-induced noise significantly contribute for <2 keV
* Improved BDT applied to reduce analysis threshold to 1 keV

“ Event shape-based likelihood parameters

Crystal 6 EnergyvsBDT  Astropart. Phys. 130, 102581 (2021) Event selection efficiency
§4:§ : 'fs v 1'-'u.-c "g-f: o Scintillation Events ™ oo 8 o B g b8
< S : PMT Noise Events ’

:cj 4_#....-. i -’%’: Lt '-*'i" (Type I+l '
g a5 i 41—, D Type-ll PMT Noise Events 2 ’
. : g
& g ot
25 & w‘- LElCJ ¢  B/y Events for a GOSINE Crystal
PYS WL H I i = } By Eventsfor a Test Crystal
SE_ SR R 2 05l §  Nuclear-recoll Events for a Test Crystal
............. wn -
| | |
1 2 3 % 5
Energy (keVee)
85% efficiency @ 1-1.25 keV
DAMA/LIBRA ~ 70%
ANAIS (BDT) ~ 35-55%
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DM searches with energy spectra

Background modeling

1.7 years data

(6-3000 keV)

Single-hit Events
— Data — Total MC
— External — Cosmogenic

Internal
Surface
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T

(1-3000 keV)
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A
EPJC 81, 837 (2(%32

Multiple-hit Events
— Data — Total MC
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Surface
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Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS)
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DM searches with energy spectra

1.7 years data

Background modeling
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DM searches with energy spectra

Background modeling 1.7 years data
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« Migdal effect

Low-mass search with Migdal effect
PRD 105, 042006 (2022)

10°

*¢» Nuclear recoil = Boost of electrons
— Secondary radiation

“* Because of nuclear recaoil
quenching, large visible energy

WIMP-nucleon Sl Cross Section (pb)
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Other searches
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Inelastic boosted dark matter
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Annual modulation of muon rate
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Annual modulation (3 years data)

Time dependent background modeling
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DAMA/LIBRA’s method

Event selection (single parameter)
JHEP 20, 137 (2020)

No Ilq uid scintillator veto Idea of time-dependent background as
N() M uon veto an explanation of DAMA signals

600 ns Integration window DAMA/LIBRA claimed that there is

Time-dependent background model  no time-dependent background in
<% Yearly average to obtain residual rate their data

Applying DAMA/LIBRA’s method to the COSINE-100 data

L [ ,
Single exponential model (reference) DAMA/LIBRA’s method
: | | :
Chi2=85.06574 Crystal 4 iSept. 16 - Aug. 17 (1" year) :Sept. 17 - Aug. 18 (2" year) | Sept. 18 - Aug. 19 (3" year)
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Results from the COSINE-100 data

o)

Single exponential model (reference)

Residual Rate (cpd/kg/keV) Event Rate (cpd/kg/keV) Residual Rate (cpd/kg/keV) Event Rate (cpd/kg/keV)

DAMA/LIBRA’s method
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(a) Single-hit at 1-6 keV
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(e) Single-hit at 2-6 keV
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: (f) Single-hit at 2-6 kev:

Nt g : : -
E R g : 5
5 A S

-0.2 p=—
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Very strong (~70) negatlve modulatlon (opposite phase) from the
COSINE-100 data using DAMA/LIBRA’s method
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Event rate (counts/day/keV/kg)

Residual rate (counts/day/keV/kg)

Pseudo data for the DAMA/LIBRA

Assuming same background composition between COSINE-100 and DAMA
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Low-background Nal(Tl) developments X

Goal : Background less than DAMA/LIBRA (1 counts/kg/keV/day)

** Needs a factor two or more improvement 1dru

*» Powder purification/crystal growing/detector assembly will be done at IBS, Korea
COSINE-100 background Powder purification performance

g ar Single-hit Events K.A. Shin et al., J. Rad. Nucl. Chem. 317, 1329 (2018)

g e T g‘;‘:::;mc  ema K.A. Shin et al., JINST 15, C07031 (2020)

% % . K (ppb) Pb (ppb) | U (ppb) Th (ppb)

g 2% Initial Nal 248 19.0 <0.01 <0.01

© : DAMA /LIBRA - Purified Nal | <16 04 <0.01 <0.01
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5 10 15 20
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Our grown crystals o
| Crystal ingots
R F\_ 1 A Powder |5 - <20 <20
- s - | Aug/2018 | 684 3.8+/-0.3 26+/-7 <6
- - | | Sept/2019 |8 0.01+/-0.02  11+/-4 7+/-2
R i ‘ DAMA <20 0.01~0.03 8.7~124 2~31
Crystal machining Expected background
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World best quality Nal crysta
EPJC 80 (2020) 814

107, 10 20 30 40 50
Energy (keV)

A proof of principle for low background Nal
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Novel technique of crystal encapsulation

o

NIMA 981 (2020) 164556 15 NPE/keV

(} (NPE=number of
__»nr- photoelectrons)

N

COSINE-100 Encapsulation Silicon Gel

l D
[ ) k\'\ - _/’r

NEON Encapsulation

~23 NPE/keV

* Direct attachment of Nal(Tl) to PMTs

« ~50 % increased light yield was observed
“* Lower energy threshold!!

« This technique can be applied for COSINE-200 detector assembly

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 34



Low energy threshold of Nal(Tl)

Two-fold trigger is applied (trigger threshold : 2 NPE)
PMT-induced noise makes difficulty to use low energy events

* 1 keV (15 NPE) threshold was achieved with multivariable technique
* 0.5 keV (7 NPE) threshold can be achieved with improved BDT
WIMP search data Categorizing noise type and develop new likelihood parameters
gg.;_._. . AT Multiple Energy ——
3 _ Preliminary
:, . 2Na) 3 é_}.(eV (49K)
: T et 0of8 e ot e
Astropart. Phys 130, 102581 (2021) R S R N O st b by

Energy [keV]

- NPE threshold !!

Initiate Deep Machine learning

Prediction Distribution in Energy 1.0 keV - 1.25 keV

Final goal for < 5NPE threshold!!
y
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Low temperature (-30°C) response

PMT measurement

Accumulated waveform of 21Am Events
Am-241 measurement | Po-210 alpha

G —-22°C L 22c ~ 9% increased alpha in additipn

E \ —-35°C " —_35°C 0.02— I | i
A g o~ 5% increased light yield | &

3 - I @
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C | n 5

B £ :" 8 0.01—
101 = i i

E 20— II’

. 0%500 _1000 755 - 2000 ol
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Astropart. Phys. 141, 102709 (2022)
SiPM measurement

1.5
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¢+ windowless e . . .
B | ~ 5-15% increased light yield at -30°C
& T
Z SR
L cm . —0—
n- - . > '—?— :
Z e
oo COSINE-200 can be operated at -30°C
1(;0 1;0 2(I)0 2510 3(I)0 . oae . .
Temperature (K) Yemilab facility is under construction

JINST 17, Po2027 (2022)
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COSINE-200 for low-mass dark matter ¢

« Unambiguous conclusion on the DAMA/LIBRA
COSINE-200 sensitivities
WIMP-proton spin-dependent Low mass search with Migdal

10°
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—— KIMS Csl o
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* A world best sensitive detector for low-mass WIMP-proton spin-
dependent interaction

» Feasibility test of the COSINE-1T experiment

Hyun SuLee,  Center for Underground Physics (CUP), Institute for Basic Science (IBS) 37




Summary & Conclusion

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

Ongoing Nal(Tl) experiments brought more than 3 sigma
tension with DAMA/LIBRA signals

Precise time-dependent background understanding is
crucial for annual modulation searches

Nal(Tl) detectors have a great potential for low-mass dark
matter searches

% Sodium and lodine are proton odd elements

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