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* Annual modulation signature in DAMA/LIBRA Nal(Tl) detector
* Modulation amp.: 0.0103+ 0.0008 count/day/kg/keV

* Phase (145 = 5) day

* Persists from last 2 decades

*(1-06)keV: 9.50, (2-06)keV: 12.90

» Signal consistent with Dark Matter

* More exclusion limit from different target can't explain DAMA
observation (7)

* Need to directly test DAMA's result with the same Nal(Tl) target
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https://iopscience.iop.org/article/10.1088/1361-6471/ab2ea5

Global Nal(Tl) efforts
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The COSINE-100 experiment

https://cosine.yale.edu/home YangYang Laboratory i

g Korea Invisible
Mass Search Experiment
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COSINE
at A5 tunnel

5 countries, 14 institutions,

~50 members

OFOFOEA HITH A

Situated at YangYang Pumped Storage Power Plant

e Joint venture between KIMS and DM-Ice

* _ocated at Yangyang Underground Laboratory (Y2L),

South Korea
e ~/700m rock overburden

* Physics run started September 2016
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https://cosine.yale.edu/home

COSINE-100 detector configuration

8 Na
with two 3-inch PMTs

e 2000L of liquid scintillator as a veto detec
e 20 cm thick lead and 3 cm thick copper s
e 37 plastic scintillator panels to tag muons

* COSINE-100 has been
decommissioned for its upgrade after
~0.4 years of the stable operation

e ~0 years of good quality physics data

G Adhikari, UCLA-2023
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3-inch PMT recoil
E ~ 0-10 keV

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

COSINE-100 Accumulated Data
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COSINE-100 active physics program

2016 2017 2018
Y2
E Background
) modeling
-g) 2 keV
e thresholo
.
“= Physics WIMP
e run search
(C
D .
7)) -irst 59.5 days data
Qq:, (2 keV threshold)

2019

Annual
modulation
(1.7 yrs,
2 keV
threshold)

2021

1 keV
threshold

Improved
background
modeling

WIMP
search
(1.7 years
data,1 keV
threshold)

2022

Modulation
(1keV, 2.8
yrs data)

2023

DAMAS
analysis
method

Modulation
(6 yrs, 0.5
keV
threshold)

—xotic dark matter candidate searches

» Several EFT operators at different mass regions
* Migdal effect, Bosonic Super-WIMP, Boosted Dark Matter, Solar Axions, etc.
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Spin independent WIMP search: 59.5 days of ¢

« COSINE 100 excludes DAMA/
LIBRA phase 1's interpretation
with the spin-independent WIMP
interaction with Standard Halo
model in Nal(Tl) crystal

* Consistent with null results from
other direct detect experiments
with different targets
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Nature 564, 83-86 (2018)

NAIAD
DAMA, sodium (30)
DAMA, iodine (30)

[ 1 COSINE-100 10
I | COSINE-100 20

| Savage et al.

—e—— (COSINE-100 observed limit
(90% confidence level)

Quenching factor
Q(Na) = 0.3
Q(l) = 0.09

<Standard Halo Model>
vo = 220 km/s
pom = 0.3 GeV/cm3

Vesc = 650 km/s
fp/fn = 1
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| | S s - Phys. Rev. Lett. 123, 031302
o I5|0I - I1(|)oI - I1&|3ioI - I2<|JoI 25 300 350 ) iémhlo_ o S 10 15 20
Phase (Days) % Energy (keVee)
= 100 data is consistent — T e A T T T D
: N : onfiguration X .0.f. p-value Amplitude (counts/ke g/day ase (Days
with both a null hypothesis ana COSINE-100 175.3 174 0.457 0.0092+0.0067 127.0+45.9
BRAs 2—-6 keV best fit DAMA/LIBRA (Phasel+Phase2) - - - 0.0096-£0.0008 145+5
Value W/ 68% CL COSINE-100 175.6 175 0.473 0.008340.0068 152.5 (fixed)
COSINE-100 (Without LS) 194.7 175 0.143 0.0024+0.0071 152.5 (fixed)
ANAIS-112 48.0 53 0.67 -0.004440.0058 152.5 (fixed)
Need more exposure and lower DAMA /LIBRA (Phasel+Phase2) 71.8 101 0.988 0.0095-£0.0008 152.5 (fixed)

threshold
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Lowering down threshold to 1 keV

eAchieved a 1 keV-

‘hreshold with an improved

Decision Tree (BD

)

e Attained over 80% efficiency at 1 keV

Developed event shape-based likelihood parameters

B0o0osted

e|mproved background budgeting with the 1 keV threshold

arb.count
o
(e}
w

0.02

0.01

0

Astropart.Phys. 130 (2021) 102581
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| Scintillation Events

PMT Noise Events
(Type I+Il)

Type-ll PMT Noise Events

2000
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Time [ns]

2200 2400 2600

¢ p/y Events for a COSINE Crystal
4  B/y Events for a Test Crystal

* Nuclear-recoil Events for a Test Crystal

Sci Adv. 2021 Nov 12;7(46):eabk2699
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Sci Adv. 2021 Nov 12;7(46).eabk2699

Total counts/0.25 keVee
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e The COSIN
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Energy (keVee)

e 1.7 year exposure with 1 keV threshold
e Spectrum fit was conducted for the energy range of 1 - 20 keV, which included background plus WIMP model

—-100 excluded

Model (SHM)
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Probability [dru~?]

COSINE-100 1-6 keV
COSINE-100 2-6 keV
DAMA 1-6 keV
DAMA 2-6 keV

N

Modulation Amplitude [dru]
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—0.010 —0.005 0.000
Amplitude [dru]

Best-fit modulation amplitude of 0.0067 = 0.0042 cpd/kg/keV at 1- 6 keV

e Consistent with both

UCLA-2023

0.005 0.010 0.015

0.020

Phys. Rev. D. 106, 052005

0.04

I

© © © o o9
o o -’ o (-
— () — [\ w

|
O
-
o

I I
o o
- -
H> w

DAMA and no modulation with 2.8 years of data

e Stay tune us for new result (2x exposure and lower threshold )

¢ DAMA/Nal + DAMA/LIBRA
¢ COSINE-100 Single-Hit
COSINE-100 Multiple-Hit

Energy [keV]
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* Analysis procedure used for COSIN

adopted as closely as possible to the one
used by DAMA

* DAMA parameter for event selection
e Excluded LS and muon Veto

* 600 ns Iintegration window

* Yearly-averaged background model

o \Very strong negative modulation (~ 7o) from
COSINE data using DAMAs analysis method

e Details will be covered in the upcoming talk
by Reina Maruyama

e Posters @ UCLA
e S. Hollick , Kim Jinyoung, Yujin Lee

G Adhikari, UCLA-2023
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Scientific Reports 13, 4676 (2023)
Single exponential model

DAMA/LIBRA method

(a) Single-hit at 1-6 keV

. (b) Single-hit at 1;6 keV

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

(e) Slngle -hit at 2-6 keV

(d) Residual rate at 1-6 keV
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COSINE-100 Upgrade

]LGJ;_nderqround laboratory

An intermediate efforts prior to the commissioning of COSINE-200 N
100 - orovug sy —Y2- Yemilab (COSINE)
* Move COSINE-100 to new underground lab (Yamilab South Korea) % - -
Sy
* New encapsulation method was developed T IR N o e
* Improved light yield > 20 PEs/keV : " °°T“A“°F.§SEYJ‘§&’12:S%N:BLANC T~ \
10°°

0 1000 2000 3000 4000 5000 6000

* Operate at -35°C Depth (m.w.e)
COSINE200 detector room @ Yamilab
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COSINE-100 Encapsulation

PTFE ring spacer

NEO Encapsulation

1 3 W/ Wright
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e Background level lower than DAMA

* 1 counts/day/kg/keV

* Powder purification, crystal
growing, and its machining are

developed

Physics Goal
e Final conclusion on

DAMA(5 sigma)

e ow mass spin dependent WIMP

INnteraction

* Milestone towards ton-scale Nal(TI)
experiment

G Adhikari, UCLA-2023
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Eur. Phys. J. C (2021) 81:837
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(2020)

Development for the COSINE-200

Nal(TI jcrystal oo Eur. Phy.J. C

80:814
. “*5

10 Phys. Rev. D 105, 042006

* [ ow background Nal(Tl) crystal growing - Mo = 0.2 GEVIG%, Gy = 100 pb
o : ------------ Myp = 1.0 GeV/c?, oyyp = 1 Pb DAMA's
o Qadio_purity with R&D Crys’[a| (06 kg) IS promising E; 1_ — COSINE-200 Expected Background background
15 E) i +Cosmogenic
* Low background 2 /A\
 Expect <1 counts/day/kg/keV E 107 - .
Q -
LSE i External
10'2..EJL.:fi-uL.JLJLJLULHLJLHLJ
0.2 1 2 3 4 ) 6

Energy (keVee)
15
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Development for the COSINE-200

Preliminary

.

. 10 Phys. Rev. D 105, 042006

* Low background Nal(Tl) crystal growing S e = 0.2 GOVIE, 0, = 100 pb
@ : ------------ My = 1.0 GEVIEZ, Gyypm = 1 Pb DAMA'S

 Radio-purity with R&D crystal (0.6 kg) is promising e —— COSINE-200 Expected Background background
>

16 % E +Cosmogenic
¢ I_OW baCkgI’OUﬂd E) +Internal
* Expect <1 counts/day/kg/keV 3 107 R

s F
LSCU i External

» Higher light yield (22 NPE/keV)

10_2 ] IEJ ] Jdé"l | | i I 1 i | I— | A I ] A Ll
0.2 1 2 3 4 5 6

Energy (keVee)

1 e P 1
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* Physics run will be started by end of 2023



SenS|t|V|ty Of COSINE 200

SD-WIMP Sensitivity 108
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102 10°
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* COSINE-100 Upgrade

« COSINE-100 backgrounds, 25 PEs/keV LY, 100 kg 1 year exposure including crystals 5 and 8

—r

« COSINE-200
* Nal-035 background (<1 dru), 25 PEs/keV LY, 200 kg 1 year exposure

» Sensitive for low-mass WIMP-proton SD cross-section
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—— COSINE-100 59.5 days
—— DAMA/LIBRA-phase1

----- DAMA/LIBRA-phase1 (DAMA QF) 0.012 A
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IIII| | | OOOO

0.014 - COSINE-100 1-6 keV
COSINE-100 2-6 keV

DAMA 1-6 keV
DAMA 2-6 keV
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¢COSINE-100 has been running smooth\y for 0. 4 years.

e Confirm that DAMA's modulation signal can't be from standard WIM
e Modulation analysis is statistically limited

> & SHM with Nal(T).

e Adoption of the DAMA analysis technigues led to an interesting result.

eCOSINE-200 is under preparation to run by end of 2023.

* [he new experimental site is ready.
e A standard protocol to grow low background crystal is developed

e Active

R&

G Adhikari, UCLA-2023

D IS ongoing for the detector's assembly
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Single Hit

* Good agreement between
data and Geant4 simulation

« 210Pp, 40K, and 3H are the
dominant backgrounds

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

Single-hit Events

— Data — Total MC — Internal

— External — Cosmogenic

Surface

—
o
N

Multiple Hit

Energy [keV]
ROl (1 -6 keV ) is not used In this fit
% Multiple-hit Events
= 3 — Data — Total MC — Internal
- — External — Cosmogenic Surface

—

—EENEEwEE )

L - ra

|
',-—-
?

Counts /keV/kg/day
o

10°° 3
10 — | - b NN ki
1 20 40 60 70 1000 2000 3000
Energy [keV]
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e CONS
* Modu
phase

* Five detectors fit with
—Xponential decays from short-lived
cosmogenics

ant from
lation sig

oNg-

nal -1

ived backgrounds
Ixed period and

Component

Event Rate [dru]
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Annual modulation search: 2.8 years data

G Adhikari ,

Configuration

Amplitude [dru]

Phase [days|

COSINE-100 1-6 keV (This result)
COSINE-100 26 keV (This result)
COSINE-100 2-6 keV (2019 result [14])
ANAIS 1-6 keV (2021 result [16])
ANAIS 2-6 keV (2021 result [16])
DAMA /LIBRA 1-6 keV (phase2 [7])
DAMA /Nal+LIBRA 2-6 keV [7]

0.0067-

-0.0042

0.0050=

-0.0047

0.0083=

~0.0068

-0.0034-=

-0.0042

0.0003=
0.0105=

~0.0037
~0.0011

0.0102-

~0.0008

152.5 (fixed)
152.5 (fixed)
152.5 (fixed)
152.5 (fixed)
152.5 (fixed)
152.5 (fixed)
152.5 (fixed)

COSINE-100 1-6 keV (This result)
COSINE-100 26 keV (This result)
COSINE-100 26 keV (2019 result [14])
DAMA /LIBRA 1-6 keV (phase2 [7])
DAMA /Nal+LIBRA 26 keV [7]

0.00947 5 0075
0.006170-0057 Unconstrained

0.0092=

-0.0067

0.0106-=

~0.0011

0.0103=

~0.0008

194.5749.0

127.21+45.9
14846
14545
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Other dark matter search

EFT Operators Sci Adv. 2021 Nov 12;7(46):eabk2699

Background understanding and LS veto

| s | 3. cememmer | Tl s
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Quenching factor measurement

e Consistent guenc

factor despite to t

different geometri
powders
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¢ Crystall ¥ Collar (2013)
¢ Crystal2 . Xuetal. (2015)
¢ Crystal3 ¢ Stiegler et al. (2017)
® Crystald v Joo et al. (2019)
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