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Motivation
DAMA/LIBRA Experiment

1073 = 1
1077 B\ Phys. Rev. D 98, 030001 (2018) 4 10"

* No experiments have succeeded in direct detection - .px- |\ 7
of dark matter (DM), except DAMA/LIBRA. g Q g s &

A N < E=
§10_42 \W SuperCDMS (2014) 107 §
(9] - [}
c107™ N— a0 g 107 8
§1044 LUX (2013,20 4»\1\(»‘,4» \M‘T(:\I\\m.?£?_\_t\\ AP- mll.(/ E 10—8 §
210 = 107 é
=10 S v e 1002
- 10—47 XENONIT (2017) 5 : P‘M,IH(‘ 10—11;
V’10_48 @ % mSUSY constraint 10712§
107% = : 1073
- 111 II 1 1 1 1 11 II| 1 1 1 1 1 II| 1 1 1 1 1 1 11 -
1055;110‘1 1 2 3456 10 20 30 102 2x102 1030 "
WIMP Mass [GeV]
Blois 2022: Exploring the Dark Universe Dark Matter search with COSINE-100 — Y.J. Ko@IBS



Motivation
DAMA/LIBRA Experiment
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- The results are compatible with the nature of DM candidates.
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Motivation
DAMA/LIBRA Experiment

- No experiments have succeeded in direct detection cjaEXS | S fen 228 00012009 Ao,
of dark matter (DM), except DAMA/LIBRA. O oo o 8
« DAMA/LIBRA experiment g
- Search for annual modulation signature by DM %103: wj‘é
"o e
- Claim an observation of the DM at 120 C.L 10
(2_6 keV, 2.1 7_ton.yr) 5107 1 2 3 456 V\}ﬁ\APM%a(Zs?GOeV] 10 2x10 10
- The results are compatible with the nature of DM candidates.
(4 = 0.0096 + 0.0008 counts/day/kg/keV, ¢ = 145 + 5 days, 7= 0.9987 + 0.0008 yr)
%. 0.06 E ]?AM[?/LIBIf{A-pHEaseI (;1.04 t&s)nxyr? —2->6 kev 6— %I)AM;;ULIB;RA-thaseZQ(I.U ?onxyf) —>
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N T Tygg st T A
Fook ¥ e Nucl. Phys. At. Energy 19, 307-325 (2018)
: 4000 5000 6000 7000 8;(;:;1e (day)
* Only observe in DAMA/LIBRA
- Nal(Tl) crystal is special for DM interaction?
- There are many efforts to test DAMA/LIBRA’s signal, using Nal(Tl) crystal.
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COSINE-100

Collaboration

» DM-Ice and KIMS joint effort to search for DMACE +

dark matter interactions

- ~50 collaborators in 17 institutes

- To verify the DAMA/LIBRA’s claim via the same
target material
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COSINE-100

Experimental Site

é'/
 DM-Ice and KIMS joint effort to search for DMACE +
dark matter interactions KRISS
- ~50 collaborators in 17 institutes e
. . : T ) = REDY g‘-‘\"
- To verify the DAMA/LIBRA’s claim via the same W </ & UST &
target material Gi S Gusconn Yale
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COSINE-100

Detector Configuration

* 8 low-background Nal(Tl) crystals w/ 106 kg in total

- U/Th/K levels are less than DAMA, but total o (~219Pb) are higher than DAMA.
- Total background is 2-3 times that of DAMA.
- Higher light yield (15 p.e/keV) than DAMA (5-10 p.e/keV)

e Each crystal is encapsulated in copper
* Two 3” PMTs (R12669SEL) are attached to each crystal.

Nal(T1)

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

Eur. Phys. J. C. 78, 490 (2018

Nal(Tl) detector

8 low-background crystals

Copper encapsulation
Two 3” PMTs
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COSINE-100

Detector Configuration

Nucl. Instrum. Meth. A 851, 103 (2017)
Nucl. Instrum. Meth. A 106, 165431 (2021)

* Liquid scintillator as an active veto Liquid Scintillator

- 2200-L LAB-based LS & 5” PMTs (R877) 2200-L LAB-based LS for veto
5” PMTs for LS detector

- Designed to accommodate twice as many crystals
» Upgradable to COSINE-200

Eur: Phys. J. C. 78, 107 (2018)
Eur. Phys. J. C. 78, 490 (2018

3rinch PMT Nal(Tl) detector

P e Shield o\ 8 low-background crystals
assive Ields Copper encapsulation

3-cm thick copper box Two 3” PMTs

Eur. Phys. J. C. 78, 107 (2018)
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COSINE-100

Detector Configuration

Nucl. Instrum. Meth. A 851, 103 (2017)
JINST 13, T02007 (2018), JCAP 02, 013 (2021)

Nucl. Instrum. Meth. A 106, 165431 (2021)

41 Muon Counter Liquid Scintillator

37 plastic scintillator panels 2200-L LAB-based LS for veto
2” PMTs (H7195) for muon counter 5” PMTs for LS detector

LPastic scintillators

JINST 13, T06005 (2018)

20 cm lead
3 cm copper

Neutron Monitoring
Fast neutron detector

(Liquid scintillator)

2200 L LS

Nal(TI) crystals

_ _
.

Thermal neutron detector
(3He gas detector)

Eur: Phys. J. C. 78, 107 (2018)
Eur. Phys. J. C. 78, 490 (2018

3rinch PMT Nal(Tl) detector

) \ {
Passive Shield O\ 8 low-background crystals
assive Ields Copper encapsulation

3-cm thick copper box Two 3” PMTs

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

20-cm thick lead shielding
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COSINE-100

Operation & Monitoring

Phys. Rev. Lett. 123, 031302 (2019)

* Monitoring system has >200 parameters. oo o Temperatwre
- DAQ system: trigger rate, electronics status 00243?}‘5:1“"—“—” D = —
- Environmental parameters are stable. 2 | | | een
- Neutron rates are also monitored. _°r Y Humiity -
T ol

60— c) Radon

— Room

Temperature: 24.2 + 0.1°C at crystal
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COSINE-100

Operation & Monitoring

Phys. Rev. Lett. 123, 031302 (2019)

* Monitoring system has >200 parameters. o6 a) Temperature oo
- DAQ system: trigger rate, electronics status 0024:;?2::::1:—::%;__
- Environmental parameters are stable. 2 o o
- Neutron rates are also monitored. en o) Hamidty oo
Stable running from Sep. 30, 2016 (5.6 years) ol o
- DAQ efficiency ~95% (calibration runs, power outage) oo omadon Creom
- Exposure time: ~1900 days }i,
ol cosmeworsmeay | e @ Gosmic-Ray tuen
Total Livetime : ‘9338da¥s<?f.‘..?..‘.’./ﬁ?...; ................................. - il §3250+++ PR ann
5 ool S+

300 400 500 600 700 800 _ 900
Days Since Jan. 1, 2016

: Jul. 18 2018
= | |
92/31, 05h 12/31, 11h  12/31,17h  12/31,23h 12/31,05h 12/31, 10h
2016 2017 2018 2019 2020 2021

Blois 2022: Exploring the Dark Universe 12 Dark Matter search with COSINE-100 — Y.J. Ko@IBS



SET1 Data Analysis E:ﬁgg:;ﬁ::ﬁﬁﬁfffﬁ:ﬁ:ﬁié:fﬁﬁﬁﬁﬁﬁﬁ:?ﬁ?f?’ﬁ’:??ﬁff???@ﬁ:fﬁ """""
WIMP Search 00 b ST 070 P .

SETH1 400 ............................ .................................
(59.5 days) : f : e

e First physics analysis WE ................ ............................... .................................

|
- WIMP extraction analysis: S| WIMP & SHM 92/31, 05n  12/31.11h  12/31,17h 12/31,
- Excluding DAMA/LIBRA w/ the same target material 2016 2017 2018 2019

-

<
[
(e8]

< = ————— NAIAD (2000-2003)
g C meeseas DAMA-Na Savage et al (30, 2009)
- F sassssass DAMA-| Savage et al (30, 2009)
10°30 [ COSINE-100 90% expected (1o)

] COSINE-100 90% expected (20)
—g— COSINE-100 observed limit (90% C.L., 2018)
Exposure: 6303.9 kg day

"y -t
o Qe
|
IS
b S

—_

<
I
N

Nature 564, 83 (2018)

S| WIMP-nucleon cross section

10—43 Lol 1 Lol

10 10° ] 0® 10*
WIMP Mass (GeV/c?)
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SET1 Data Analysis §1§§3‘SET3<>

WIMP Search 600 - SET2 (e —

SETH1 400 ............................ .................................
(59.5 days) : : : :

e First phySiCS ana|ysis w ................ ............................... .................................

|
- WIMP extraction analysis: S| WIMP & SHM 92/31, 05n  12/31.11h  12/31,17h  12/31,
- Excluding DAMA/LIBRA w/ the same target material 2016 2017 2018 2019

 Various model & quenching factor (QF)

-38
(\10 = —————  NAIAD (2000-2003)
- SI & SD WIMP S r  memesese DAMA-Na Savage et al (30, 2009)
o L e DAMA-I Savage et al (30, 2009)

COSINE-100 90% expected (10)
] COSINE-100 90% expected (20)
—g— COSINE-100 observed limit (90% C.L., 2018)
Exposure: 6303.9 kg day

—

o
&
©

- Assuming different QF — cannot exclude DAMA/LIBRA

—_

<
N
o

SD WIMP JCAP 06, 048 (2019)

—_

<
I
N

= DAMA/LIBRA = DAMA/LIBRA

=== COSINE-100 == COSINE-100

Nature 564, 83 (2018)

S| WIMP-nucleon cross section
Q
iy

New QFs O 10—43 Lol 1 Lol 1 1 |||||||:3 1 T N N B B

10 102 10 10*
< WIMP Mass (GeV/c?)

New QFs

SD WIMP-proton Cross Section [pb]
SD WIMP-neutron Cross Section [pb]

- (b) DAMA QFs ~*+_

......

" WIMP Mass [GeV/c?] " WIMP Mass [GeV/c?] Sl Wl M P

o107 10
2 ( ) 2
—_ —_ c a c
g F g F g 8
c —— DAMA/LIBRA = =—— DAMA/LIBRA 3 3
S S 7] (%]
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] 8 L. e Q $] —aen . o
C C
5 .- 5 5 DAMA QFs 5
s N s . 9] 5 ..
2 . N o ke . New QFs 2‘ nC_L DAMA QFs "“=«.  (
2 * New QFs 2 = T s s .
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< s F 0 TTTmmemeeal L s E — E ~~
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SET1 Data Analysis ;ﬁﬁg_sm‘>

WIMP Search 600 = SET2 (0 —

SET1 400 ............................ .................................
(59.5 days) : : : 5

- First physics analysis wﬁ ................ ............................... .................................

|
- WIMP extraction analysis: S| WIMP & SHM P2/31,05h 12/31,11h _12/31.17h _12/31,
- Excluding DAMA/LIBRA w/ the same target material 2016 2017 2018 2019

« Various model & quenching factor (QF)

EFT operators __JCAP 11, 008 (2019)

- SI & SD WIMP : ZZ5 ; ZiEE, 3 - ==
- Assuming different QF — cannot exclude DAMA/LIBRA ! ] | |
» Effective field theory (EFT) operators o=~y
- Cannot cover DAMA/LIBRA for several operators ; - g
X

SD WIMP JCAP 06, 048 (2019)

= DAMA/LIBRA = DAMA/LIBRA

=== COSINE-100 == COSINE-100

S

New QFs

WM on ¢ e-secion (on)
E B % ECEC OB
> 13 > L) > 13 >
WMo on ¢ as-secion (on')
PP e e EE W
» Ll > B > L B

New QFs O
4 ','

........
-~

SD WIMP-proton Cross Section [pb]
SD WIMP-neutron Cross Section [pb]

- (b) DAMA QFs ~*+_

......

WIMP Mass [GeV/c?] WIMP Mass [GeV/c?]

WM e ¢ m vt ion (cm?)
Poor o+ ow N
WMP audeen ¢ e av-sectien (o)
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=== COSINE-100 == COSINE-100
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. New QFs

-

New QFs

2
T

107

© Tt

DAMAQFs ~""Ts~l.---
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SD WIMP-nucleon Cross Section [pb]
SD WIMP-nucleon Cross Section [pb]
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S ET 1 Data An a Iys i S E,: (2)33 _ .................................. ............ SET3(30y) .......

Other Scenarios

SET1
(59.5 days)

* First physics analysis

—1] | i
- WIMP extraction analysis: S| WIMP & SHM 92,31, 05n  12/31.11h  12/31,17h  12/31,
- Excluding DAMA/LIBRA w/ the same target material 2016 2017 2018 2019

 Various model & quenching factor (QF) EFT operators _JCAP 11, 008 (2019)

=

- SI & SD WIMP o T = \ o
: . b TERNER)
- Assuming different QF — cannot exclude DAMA/LIBRA I i 1 S

 Effective field theory (EFT) operators R~

E‘ P -0 \ gm" '_E"
i \ 8
- Cannot cover DAMA/LIBRA for several operators f .
e Other scenarios of DM i 8
- Inelastic boosted dark matter e o
- Solar axion - -
Astropart. Phys. 114, 101 (2020) § i:
o Phys. Rev. Lett. 122, 131802 (2019) 1010 — o S
E .,."... & E [[] cOSINE-100 expected (1) o ":l T
B .",..0 I B DM :i BT S ~ [[] cosiNE-100 expectad 20) /| '_§,.\ kP =0,
: ..... .-".. |l solar g i
e - L L i
2 TKIRST T T epewwessw T T AV i
w102 - : S (O -
:
[ = m;=20MeV, m,=40MeV, y =100 ‘§
] [— m=10MeV, m,=15MeV, y =50 : .
m=6MeV, rrTi?.SMeV, ~Z=20 Solar axion ;
10’41 L L Lt L1 '1|0 L L I T '102 10—1120_5 1 ||1|\1]13_4 1 llll;lg_a [N 102| |1|1|1u[])_1 1 1|1|1||1 '
my (MeV) Axion mass (keV/c?) TN wweaowi T ww sl
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o e e ereeesena s s ettt rer e eeenns
- 1200 SETS B 0ears) =

|
SET2 Data Analysis  tw——""2
o : ; ;
Annual Modulation Analysis 500 i SET2 (1T y00rs) )
(59.5 days)
‘P2/31,05h 12/31,11h  12/31,17h  12/31,
10 - 2016 2017 2018 2019
; COSINE-100, 1.7 yrs NN
" Expected Standard Halo % QqQ Qq
50.04. P gz'g; gt ! COSINE-100 data-set2
X g . o] B . _
> 68.3% G.L. ~_ Amp. =0.0092 + 0.0067 cpd/keV/kg
X 68.3% C.L. ,  Phase =127.2 + 45.9 days
O (Feldman-Cousins) |
S Best-Fit |
8 002 _ Configuration Amplitude [cpd/kg/keV]  Phase (Days)
2 | | COSINE-100 0.0092 =+ 0.0067 127.24+45.9
3 l— | DAMA/LIBRA (Phasel 4 Phase2)  0.0096 % 0.0008 14545
< | | COSINE-100 0.0083 = 0.0068 152.5 (fixed)
- _ j COSINE-100 (Without LS) 0.0024 + 0.0071 152.5 (fixed)
' s =\ ANAIS-112 —0.0044 4 0.0058 152.5 (fixed)

150

: 200 250 300
Phase (Dav\ Ax
DAMA/LIBRA-phase1+2

350) 5 10  DAMA/LIBRA (Phasel + Phase2)

0.0095 £ 0.0008

152.5 (fixed)

Amp. = 0.0096 + 0.0008 cpd/keV/kg
Phase = 145 + 5 days

 Model-independent DM search
» The results agree both of DAMA/LIBRA and null hypothesis

Blois 2022: Exploring the Dark Universe
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S ET2 Data An a Iys i S E},:ﬁgg _ .................................. ............ SET3(30years) ......

_ = 800
Improvements in SET2 600 b=
SETH1 400

(59.5 days)

. |

\20(2

. i :
‘P2/31, 05h 12/31,11h 12/31,17h  12/31,
2016 2017 2018 2019

Likelihood parameter (6000 calibration data)

—

% 12

g

S 10

<

a

'8 8

3

= 6

2

5 4

2

-0.6 ' ‘ ‘ : 0

> 4 6 T T
Energy [keV]

BDT (WIMP-search data)

* Event selection
- Development of a new likelihood parameter based on pulse shape
- Boosted decision tree (BDT) is used to separate the signals from the noises.
- Lowering threshold from 2 to 1 keV Astropart. Phys. 130, 102581 (2021)

8 10
Energy [keV]
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SET2 Data Analysis

Improvements in SET2

* Improvements in background modeling

- Better understanding of surface 210Pb
- Adding 291 and rock vy (208Tl)
- Energy scale adjustment

Astropart. Phys. 126, 102528 (2021)

Eur. Phys. J. C. 81, 837 (2021)

(59.5 days)

|
‘P2/31, 05h 12/31,11h 12/31,17h  12/31,
2017 2018 2019

=) 1200 _ ......................
Q :

SET3 (3.0:years)

............................................................................

esescscccccsssssssssssssssccccccageo ntlie.cccccccccccccccccaflecencias

SET1 400

.................................................................

sessccsscsccpecccccncsasscscaflecscncancccccacfeccecscccsacsansansscscnscacfeccacies

2016

Likelihood parameter (6°Co calibration data)

Likelihood parameter

>
©
2

510 (6-3000 keV) Single-hit Events
4
S 1o — Data  — TotalMC ~ — Internal
2 — External — Cosmogenic Surface
[2]
< g
5 g
o 10"

10°2

10\,/
g 0% 3
> F (1 -3000 keV) - Multiple-hit Events
§ 10; 3 — Data — Total MC — Internal
2 i — External — Cosmogenic Surface
"g 1 PP e P e ‘-—5
>
810

107?

10°g ! L | Lol N

1 20 40 60 70 1000 2000

e Event selection

73000

Energy [keV]

- Development of a new likelihood parameter based on pulse shape

- Boosted decision tree (BDT) is used to separate the signals from the noises.

- Lowering threshold from 2 to 1 keV

Blois 2022: Exploring the Dark Universe
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Astropart. Phys. 130, 102581 (2021)

4 6
Energy [keV]

10

BDT (WIMP-search data)

700

0.1
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600

500
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~ - .|=y300
- . [|™200

£ 8100

| | | == [ ot Tt - 0

8 10
Energy [keV]
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SET2 Data Analysis E:ﬁgg:;ﬁ::ﬁﬁﬁfffﬁ:ﬁ:ﬁié:fﬁﬁﬁﬁﬁﬁﬁ:?ﬁ?f?’ﬁ’:??ﬁff???@ﬁ:fﬁ """""
WIMP Search = soo— s P .

SET1 400 ............................ .................................
(59.5 days) : : : :

* WIMP extraction analysis 200 ................ ............................... .................................

|
- S| WIMP & different QF 92/31, 05h 12/31,11h  12/31,17h  12/31,
2016 2017 2018 2019

107" —— COSINE-100 59.5 days
= —— DAMAI/LIBRA-phase1

102 |;— ----- DAMA/LIBRA-phase1 (DAMA QF)
E —e— COSINE-100 1.7 years
- [ ] 1o expected

10° [ ] 20 expected

IIIII|'|'|'|mIIIIII|'|'| I-II

WIMP-proton Sl Cross Section (pb)

107°
EII 1 1 IIIIIII 1 1 IIIIIII

10 102 10°
WIMP Mass (GeV/c?)

—— COSINE-100 59.5 days 1= —— COSINE-100 59.5 days

= DAMA/LIBRA phase1+2 E = DAMA/LIBRA phase1+2

= = = DAMA/LIBRA-phase1+2 (DAMA QF) = = DAMA/LIBRA-phase1+2 (DAMA QF)
—e— COSINE-100 1.7 years —e— COSINE-100 1.7 years

[ 1o expected [ 10 expected

[ 20 expected
=]

[J 20 expected

102

WIMP-proton Sl Cross Section (pb)
WIMP-proton Sl Cross Section (pb)

1072
10°
10°
“E Sci. Adv. 7, eabk2699 (2021)
B \ C el \ L Lol \ Ll
10 10° 10 10°
WIMP Mass (GeV/c?) WIMP Mass (GeV/c?)
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SET2 Data Analysis ;’:ﬁgg_SEW")

WIMP Search 600}— yours) —

SET1 400 ............................ .................................
(59.5 days) : : : :

* WIMP extraction analysis =200 ................ ............................... .................................

|
- SI WIMP & different QF 92/31, 05h 12/31,11h 12/31,17h 12/31,
- EFT operators 2016 2017 2018 2019

- Fully cover the alternative scenarios for QF & EFT

~ — = _w
E —— COSINE-100 58.5 days 3 © E —— COSINE-100 55 5 days 3 —— COSINE-100 59.5 days
- = — = COSINE-100 1.7 yoars = F —— COSINE-100 1.7 yoars = —@— COSINE-100 1.7 yoars
'1E gm"’g— — DAMASS §‘°‘§"-~ —— DAMA g 1w — DAMAST
. 107'E —— COSINE-100 59.5 days § —_—— 4 T e—— ; S
o) - Rl T 1wk T —— weE T
- —— DAMAV/LIBRA-phase1 2T E 2 E 2
e r P s f £ F £
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SET2 Data Analysis

WIMP Search

 WIMP extraction analysis
- SI WIMP & different QF

- EFT operators

- Fully cover the alternative scenarios for QF & EFT

 WIMP search via Migdal effect

- Sub-GeV DM search (from 7 to 0.2 GeV/c2)
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Phys. Rev. D 105, 042006 (2022)

WIMP-proton SD Cross Section (pb)
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SET2 Data Analysis  iwr———""r

Bosonic super-WIMP 500— ra)_ .

SET1 400 .................... .................................
(59.5 days) : : : :

° WIMP extractlon analySIS \209 ................ ............................... .................................

|
- SI WIMP & different QF 102/31, 05h 12/31,11h 12/31,17h 12/31,
- EFT operators 2016 2017 2018 2019

- Fully cover the alternative scenarios for QF & EFT

 WIMP search via Migdal effect 0

Comparison b/w absorption & Compton-like process
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'E — f—i - g — Total cross section
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a1 a
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SET3 Data Analysis

Annual Modulation Analysis

0.04
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Plan for Next Phase

Crystal Development

Eur. Phys. J. C 80, 814 (2020)

. I [ mtsmat
* Goal: lower background level than DAMA/LIBRA |
. . : i3] externan
- COSINE-100 has 2-3 times higher background than DAMA/LIBRA £ | & .
- In-house development for the entire process z
> Nal powder purification SR
EXpectea backgroundc
> Crystal growing 1075 0 s » w ®

énergy (keV)
> Detector assembly

238U 232Th
[Ba’kg]l  [Barkd]

Powder 5 - <20 <20
Aug., 2018 [GEE! 3.8+0.3 26 +7 <6
Sep., 2019 8  0.01x0.02 11+ 4 7+2
DAMA <20 0.01~0.08 87=+124 2~31

~70 kb powder load
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Plan for Next Phase

Crystal Development

* Goal: lower background level than DAMA/LIBRA

- COSINE-100 has 2-3 times higher background than DAMA/LIBRA
- In-house development for the entire process

> Nal powder purification

> Crystal growing | , , -

> Detector assembly TR | j -—~_._”._5.9~|_(9_..i_'199

- Full size grower

> Designed and built based on small test grower
» Successful seeding and growing ~10-cm ingot

ation factory
powder load
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Plan for Next Phase
Efforts for Lower Threshold

* Novel technique of crystal encapsulation
- Direct attachment of crystal to PMTs
- ~50% increased light yield
- It will be applied to COSINE-200 detector assembly
| ‘ 15 pe/keV

(NPE = the number of photoelectrons)

COSINE-100 encapsulation | Siticon Gl
(uarts Glasy
Ml M Oprical Pad
S
- ~23 p.e/keV
37 PMT
R — NIM-A 981, 164556 (2020)
New design
Blois 2022: Exploring the Dark Universe Dark Matter search with COSINE-100 — Y.J. Ko@IBS
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Plan for Next Phase

Efforts for Lower Threshold s M
* Novel technique of crystal encapsulation 355_

- Direct attachment of crystal to PMTs 3‘

- ~50% increased light yield f

- It will be applied to COSINE-200 detector assembly ~ LYPe2
* Event selection

- Improved multi-variable technique
» ~0.5 keV (7 p.e) of energy threshold achievable

Preliminary g

HY 4
) - ..:'. 3
" Loa StdDevy 1203 jo
J * - - g
’ 15f

‘! Scintillation

hh

Enkries 563911 ¢
. Mean x  -0.4837
Mean y 1.84

Sid Dev x  0.2654

10(

- Deep learning

N w sy w

00 01 02 03 04 05 06 07 08 09 10
NN Response

Response Histogram in 1 ~ 1.5 keV

10!

10°

00 01 02 03 04 05 06 07 08 09 1.0
—

Noise-like

10 Threshold

Bmm Run 1719 Single Hit
103 —1 Scintillation Sample (Normed)
10?

NN Response

Preliminary

Scintillation-like
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Plan for Next Phase
Efforts for Lower Threshold

Energy vs. Meantime 208T] 2.615 MeV y peak
e Nov N ol ’ I : sz
. o FoM = My—Mn . 0.02 { ¢ i
- Di o2 +02 : : ? S F LTINS S
- ~5 % m,,: mean of y peak g [ )‘ I %
S my,: mean of neutron peak ? = ,
%5 4[" 0n:0oof neutron peak o] S B { % \
- It \ o gy o of y peak assen 8 0.01 " '+ %»
> ! i '
® L TR S { ;
Evel lf ! 4.22°C 4 Y. %; + ..\‘
- Im 7 e #-35°C s b s et LR Y
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> 5 - L Energy (keV)
- De Energy (keV)
241
« Low temperature measurement Am 39.4 keV
- Improved PSD for y and n ol _fgSCC
- ~10% increased o quenching g Ul
> ! 1
. . (0] ! 1,
- Increased light yield 5 L
» 27.6 + 0.3 p.e/keV — 28.9 + 0.2 p.e/keV £ 100 o
= ! 1
- Consider operating COSINE-200 at -30°C < .
0- H ‘" _ - 7 | |__‘ . .
500 1000 1500 2000

Number of Photoelectrons
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Plan for Next Phase
Sensitivity Study

------ Myp = 0.2 GeV/c?, o,ye = 100 pb
Myp = 1.0 GeV/E?, oyp = 1 Pb
—— COSINE-200 Expected Background

 Assuming expected improvements

- 200 kg of mass and 0.2~0.3-counts/day/kg/keV background
- ~22 p.e/keV of light yield w/ 5 p.e threshold

Rate (counts/kg/day/keVee)

Energy (keVee)
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Plan for Next Phase

Sensitivity Study

 Assuming expected improvements

- 200 kg of mass and 0.2~0.3-counts/day/kg/keV background
- ~22 p.e/keV of light yield w/ 5 p.e threshold

* Sensitivity of COSINE-200

- Both of Na & | are proton-odd elements

Rate (counts/kg/day/keVee)

10F

—_

_k
<

i +Cosmogenic
My +Internal

------ Myp = 0.2 GeV/c?, o,ye = 100 pb
Myp = 1.0 GeV/E?, oyp = 1 Pb

—— COSINE-200 Expected Background

External
] | TR |
2 3 4 5 6

Energy (keVee)

— Competition w/ PICO-60 in low mass region for WIMP-proton SD interaction

—h
1
LN L DL DL L DL DL LN B |

m—— COSINE-200 1 year
—— COSINE-1T 1 year
———— COSINE-100 SET-2
—— XENON 1T

Dark Side-50

. WIMP;nucleon Sl . |

—

10

10°

Mass [GeV/c?]
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10°

Cross Section [pb]
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P-proton SD

== COSINE-200 1 year
—— COSINE-1T 1 year
—— KIMS Csl
PandaX-Il
— PICO-60 C,Fy

10

10° 10°

Mass [GeV/c?]
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Plan for Next Phase

Sensitivity Study

 Assuming expected improvements
- 200 kg of mass and 0.2~0.3-counts/day/kg/keV background
- ~22 p.e/keV of light yield w/ 5 p.e threshold

* Sensitivity of COSINE-200

- Both of Na & | are proton-odd elements

Rate (counts/kg/day/keVee)

10F

—_

_k
<

i +Cosmogenic
My +Internal

------ Myp = 0.2 GeV/c?, o,ye = 100 pb
Myp = 1.0 GeV/E?, oyp = 1 Pb

—— COSINE-200 Expected Background

External
] | TR |
2 3 4 5 6

Energy (keVee)

— Competition w/ PICO-60 in low mass region for WIMP-proton SD interaction

- Low temperature

> Improved PSD, a quenching & light yield

—h
o
&

]

b
—h
Q

(&)}

7

—h
Q

Cross Section [p
9

—
Q

m—— COSINE-200 1 year
—— COSINE-1T 1 year
———— COSINE-100 SET-2
—— XENON 1T

Dark Side-50

. WIMP;nucleon Sl . |

o I D I O O L L L L

10

10°

Mass [GeV/c?]

Blois 2022: Exploring the Dark Universe

10°

Cross Section [pb]

32

10

107

1073

107

WIMP-proton SD

== COSINE-200 1 year
—— COSINE-1T 1 year
—— KIMS Csl
PandaX-Il
— PICO-60 C,Fy

10

10° 10°

Mass [GeV/c?]
Dark Matter search with COSINE-100 — Y.J. Ko@IBS



Plan for Next Phase
Sensitivity Study

 Assuming expected improvements

- 200 kg of mass and 0.2~0.3-counts/day/kg/keV background

- ~22 p.e/keV of light yield w/ 5 p.e threshold
* Sensitivity of COSINE-200

- Both of Na & | are proton-odd elements

10F

—_
‘_‘_H____M-d- 1T

Rate (counts/kg/day/keVee)
3
\

i +Cosmogenic
My +Internal

------ Myp = 0.2 GeV/c?, o,ye = 100 pb
Myp = 1.0 GeV/E?, oyp = 1 Pb

—— COSINE-200 Expected Background

e ]

External

Energy (keVee)

— Competition w/ PICO-60 in low mass region for WIMP-proton SD interaction

- Low temperature

> Improved PSD, a quenching & light yield

- Migdal process for very low mass region
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WIMP-proton SD Cross Section (pb)
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Phys. Rev. D 105, 042006 (2022)
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(via Migdal)
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Summary

 COSINE-100 is an experiment to reproduce the DAMA/LIBRA signal via the same
target material, Nal(Tl).

 Dark matter search

- DAMA/LIBRA is excluded by COSINE-100 data under the several scenarios.
> SI/SD WIMP interactions and EFT operators in the SHM

> Considering different quenching factors

- DAMA/LIBRA & the null hypothesis have not yet been excluded via the annual modulation
analysis:
> 5-years data are being analyzed.

- Other DM scenarios are also covered.
 R&D for COSINE-200 is in progress.

- In-house development for ultra pure crystal: Purification, growing & encapsulation
- Lowering threshold: Encapsulation design, event selection & low-temperature measurement

- The feasibility test with expected improvements, demonstrates global competitiveness of
COSINE-200, after DAMA/LIBRA verification.
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