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Motivation-DAMA/LIBRA
• DAMA/LIBRA experiment

• Search for Dark matter (DM) annual modulation signature

• Using 25 × 9.7 kg NaI(Tl) detectors 

• Claim an observation of the DM (WIMP modulation signal) at 13σ C.L. 
(2-6 keV)

• Amplitude : 0.00996 ± 0.0007 counts/day/kg/keV
• Phase = 145±5 days 

• Period = 0.997± 0.0008 year

• No other experiment has succeeded direct 
detection of DM except for DAMA/LIBRA. 

• Is NaI(Tl) special for DM interaction?

Rep. Prog. Phys. 85 056201 (2022)

SI WIMP-nucleon cross section
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P.Belli, EPS-HEP Conf. (2021), Nucl. Phys. At. Energy, 22 4,  pp.329-342 (2021)

DAMA/LIBRA modulation signal(2-6 keV) 

13σ significance

https://www.bing.com/ck/a?!&&p=0259fc26a0e8653bJmltdHM9MTY4MDA0ODAwMCZpZ3VpZD0xMjRmMTViZS00OTQzLTYwZTMtMzE4NC0wN2M1NDhkMDYxZjAmaW5zaWQ9NTE4OA&ptn=3&hsh=3&fclid=124f15be-4943-60e3-3184-07c548d061f0&psq=P.Belli%2c+EPS-HEP+Conference+(2021)&u=a1aHR0cHM6Ly9iZWxsaS53ZWIucm9tYTIuaW5mbi5pdC9iZWxsaV9FUFMyMDIxLnBkZg&ntb=1
https://doi.org/10.15407/jnpae2021.04.329


COSINE-100 experiment
• Joint collaboration of DM-ICE & KIMS

• ~50 collaborators in 18 institutes

• To confirm DAMA/LIBRA’s claim using 
same target material, NaI(Tl)

• ~700-m rock overburden
• Data taking started in Sep. 2016.

Depth ~700 m 

Power Plant

COSINE/AMoRE

KIMS

Upper Dam

Lower Dam

Yangyang underground laboratory (Y2L), Korea
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COSINE-100 experiment 
• 8 NaI(Tl) Crystals (106 kg)

• Higher light yield (15 PE/keV) than 
DAMA/LIBRA (5-10 PE/keV)

• Shielding structure 

• 2200-L LAB-based Liquid 
scintillator(LS)

• 𝟒𝝅 plastic scintllator

• 3-cm thick copper box

• 20-cm thick lead castle
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Eur. Phys. J. C. 78 107 (2018)
Eur. Phys. J. C. 78 490 (2018)

NaI(Tl) crystals

Liquid scintillator

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

2018 JINST 13 T02007
Eur. Phys. J. C 78, 107 (2018)

Neutron monitoring

LS fast neutron

3He thermal neutron

JINST 13 T06005(2018)

Shielding structure

NaI(Tl) crystal



Data exposure

• Operation from Sep. 2016 to Mar. 2023
• Physics run : 6.12 years

• Good data : 5.84 years
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SET 1 : 59.5 days
SET 2 : ~1.7 years
SET 3 : ~3.0 years  



Data exposure

• Operation from Sep. 2016 to Mar. 2023
• Physics run : 6.12 years

• Good data : 5.84 years
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SET 1 : 59.5 days
SET 2 : ~1.7 years
SET 3 : ~3.0 years  
~6 years physics data! 



Data exposure

• Main analysis is being performed with SET3
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SET 1 : 59.5 days
SET 2 : ~1.7 years
SET 3 : ~3.0 years  
~6 years physics data! 



Detector understanding update with SET3 data

• Event selection 
• Multivariable analysis with pulse-shape parameters

• Meantime, likelihood parameters (SET2)

+ Fast Fourier Transformation parameter(for SET3)

• 1 keV → 0.7 keV
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MLP distribution (Physics data) 

Optimal cut for 1% noise contamination

Preliminary



Detector understanding update with SET3 data

• Event selection 
• Multivariable analysis with pulse-shape parameters

• Meantime, likelihood parameters (SET2)

+ Fast Fourier Transformation parameter(for SET3)
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• Background modeling
• Considers updated nonproportionality of NaI(Tl)
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MLP distribution (Physics data) 

Optimal cut for 1% noise contamination

Preliminary

PMT-noise Events

Nonproportionality(nPR) of NaI(Tl)
Eur. Phys. J. C 84 (2024) 484
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Detector understanding update with SET3 data

• Event selection 
• Multivariable analysis with pulse-shape parameters

• Meantime, likelihood parameters (SET2)

+ Fast Fourier Transformation parameter(for SET3)

• 1 keV → 0.7 keV

• Background modeling
• Considers updated nonproportionality of NaI(Tl)

• Quenching factor of NaI(Tl)
• Update low energy region

MLP distribution (Physics data) 

Optimal cut for 1% noise contamination

Preliminary

Phys. Rev. C 110, 014614

PreliminaryPreliminary



WIMP Extraction
• Analyze the SET3 data with 

new event selection and new 
background modeling

• O(10) improvement of SI WIMP-proton 
cross-section limit from previous result
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Preliminary

Fit example

Preliminary
SI WIMP-proton cross-section SD WIMP-proton cross-section

Preliminary



Annual modulation analysis 
• Using full COSINE-100 data (~6 years)

• Using SET 3 event selection and modeling

• Calibration method to test DAMA’s claim 
• Calibration for Electron Recoil (ER)

• Calibration for Nuclear Recoil with new quenching factor (NR)
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=DAMA 2-6 keVER NR

Preliminary Preliminary



Annual modulation analysis 
• Using full COSINE-100 data (~6 years)

• Using SET 3 event selection and modeling

• Calibration method to test DAMA’s claim 
• Calibration for Electron Recoil (ER)

• Calibration for Nuclear Recoil with new quenching factor (NR)

• Applying full model of time dependent background component
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Constant from long-lived backgrounds
Exponential decays from short-lived
Modulation signal



Annual modulation analysis 
• Using full COSINE-100 data (~6 years)

• Using SET 3 event selection and modeling

• Calibration method to test DAMA’s claim 
• Calibration for Electron Recoil (ER)

• Calibration for Nuclear Recoil with new quenching factor (NR)

• Applying full model of time dependent background component
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Energy
𝐤𝐞𝐕

𝑨𝐂𝐎𝐒𝐈𝐍𝐄
𝟏𝟎−𝟑 𝐃𝐑𝐔

𝑨𝐃𝐀𝐌𝐀
𝟏𝟎−𝟑 𝐃𝐑𝐔

Exclusion
C.L. 𝝈

ERC 1-3 𝟎. 𝟒 ± 𝟓. 𝟎 𝟏𝟗. 𝟏 ± 𝟐. 𝟎 𝟑. 𝟓𝟕

NRC 6.7-20 𝟏. 𝟑 ± 𝟐.7 𝟏𝟎. 𝟎 ± 𝟎. 𝟕 𝟑. 𝟐𝟑

Preliminary

Preliminary

Preliminary
ER

NR
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Preliminary

Preliminary
ER

NR

No DAMA like signal in COSINE-100 full data!



17

Bosonic Super WIMP

WIMP-I inelastic scatteringSolar Bosonic Particles

Migdal effect
Boosted DM

Solar Axion

Other DM scenarios

PRL 131, 201802 (2023)

• Performed with SET2 data

• No dark matter signal 
PRD 108, 041301 (2023)

PRD 108, 092006 (2023)

Astropart. Phys. 114, 101-106 (2020)

Phys. Rev. D 105, 042006

PRD 107, 122004 (2023)



What is next for COSINE-100?

• Spectral Analysis 
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• Modulation analysis

• No DAMA-like signal in same target 
NaI(Tl) with COSINE-100 data

SI WIMP-proton cross-section

PreliminaryPreliminary



What is next for COSINE-100?

• Spectral Analysis 
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• Modulation analysis

• No Dama-like signal in same target 
NaI(Tl) with COSINE-100 data

SI WIMP-proton cross-section

PreliminaryPreliminary

SD WIMP-proton cross-section

• Explore low mass WIMP with lower threshold!

→ Need higher light yield !



COSINE-100Upgrade
• Enhance light yield of COSINE-100 crystals

• Operate at -35ºC environment

• Upgrade encapsulation design

• Relocate COSINE-100 setup @ Yemilab
• Newly constructed underground laboratory in Korea

• Y2L→ Yemilab from 2023 to 2024

• 700 m → 1000 m overburden

• Same shielding structure 
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Y2L
Yemilab
IBS

Crystal # Size (diameter x 
length)

Light yield(PEs/keV)

1 5.0” x 7.0” 14.9 ±1.5

2 4.2” x 11.0” 14.6 ±1.5

3 4.2” x 11.0” 15.5 ±1.5

4 5.0” x 15.3” 14.9 ±1.5

5 5.0” x 15.5” 7.3 ±0.7

6 4.8” x 11.8” 14.6 ±1.5

7 4.8” x 11.8” 14.0 ±1.4

8 5.0” x 15.5” 3.5 ±0.3

COSINE-100 NaI(Tl) crystals

For lower threshold!

Underground laboratories

Y2L(700m)

Yemilab(1 km)

Front. Phys. 02 April 2024



NaI(Tl) at -35°C

• Low temperature operation (at -35°C)
• ~5% increased Light yields

• ~9% increased alpha quenching

Accumulated waveform NPE Measurement Alpha response using 𝟐𝟏𝟎𝐏𝐨

21

Astroparticle Physics 141 (2022) 102709



NaI(Tl) at -35°C

• Low temperature operation (at -35°C)
• ~5% increased Light yields

• ~9% increased alpha quenching

• The detector fridge room was prepared for 
COSINE-100U!

Accumulated waveform NPE Measurement Alpha response using 𝟐𝟏𝟎𝐏𝐨
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COSINE detector fridge room @Yemilab 

Astroparticle Physics 141 (2022) 102709



New encapsulation design
• Minimize optical coupling layer

between PMT and crystal

• 3 layers → 1-layer optical pad 

• Teflon structure for stable optical contact

• Copper case for protection from outside 

• Expect ~50% increase in light yield 

• 15 P.E. → >20 P.E.
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Optical grease

Quartz

Optical pad

COSINE-100 encapsulation

New encapsulation design

Copper case

Teflon structure

• Machining crystal edge 
with light guide-like shape

• 7 cm diameter  = PMT photocathode size

• Maximize light collecting

Nucl. Instrum. Meth. A 981, 164556 (2020) 

arXiv:2404.03691



New encapsulation assembling
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Machining crystal edge

Assembling @glovebox (𝐇𝟐𝐎< 10 ppm) 



New encapsulation performance
• Test performance in HQ testbench 

(On ground w/200 L LS)

• Resolution : 5.3 ±1.2%→ 4.6 ±1.0%
Light yield : 14.6 ± 1.5→21.0 ± 0.6 PE/keV
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𝟐𝟒𝟏𝐀𝐦 source calibration (59.54 keV), Crystal# 2 

Number of Photoelectrons

Testbench @IBS
w/ 200L LS

Number of Photoelectrons

Light yields



New encapsulation performance
• Test performance in HQ testbench 

(On ground w/200 L LS)

• Resolution : 5.3 ±1.2%→ 4.6 ±1.0%
Light yield : 14.6 ± 1.5→21.0 ± 0.6 PE/keV

• Assembling for all crystals was finished!
• Up to 45% light yield improvement 

• Resolution improved by ~10% @ 59.57keV
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𝟐𝟒𝟏𝐀𝐦 source calibration (59.54 keV), Crystal# 2 

Number of Photoelectrons

Testbench @IBS
w/ 200L LS

Number of Photoelectrons

Light yields
COSINE-100
New encapsulation

Resolution



Status on COSINE-100U

• Y2L → Yemilab (From Sep. 2023)

27

COSINE-100 decommissioning  @Y2L

Shield installation in fridge room @ Yemilab

current

Lead

LS box+copper box

Base

COSINE-100 crystals

LS box



Status on COSINE-100U

• Y2L → Yemilab (From Sep. 2023)
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COSINE-100 decommissioning  @Y2L

Shield installation in fridge room @ Yemilab

current

Lead

LS box+copper box

Base

COSINE-100 crystals

LS box

Ready to install COSINE-100U detectors!



Plan for COSINE-100U

2024-01 2024-02 2024-03 2024-04 2024-05 2024-06 2024-07 2024-08

Crystals Assembling&Test

Install
Physics 
run!!

Lead Bottom Side

LS PMTs ,LS 
production

Muon Fix

Hardware DAQ, PCs, HV, Cable, Monitoring

Software DAQ, production, monitoring

• Under preparation to start physics run in August!
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Sensitivity estimation
• Condition for upgrade COSINE-100 (COSINE-200)

• 1 year

• Light yields 22 P.E./keV

• COSINE-100 (R&D crystal) background

• No systematics

With Migdal effect No systematics 
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Preliminary

Preliminary

COSINE 100U

SI WIMP interaction SD WIMP interaction 

COSINE-200 COSINE-200

COSINE-200

COSINE-200

COSINE 100U

COSINE 100U
COSINE 100U

SI-WIMP Sensitivity
- COSINE-100U
- COSINE-200
- COSINE-1T

SD-WIMP Sensitivity
- COSINE-100U
- COSINE-200
- COSINE-1T

SD-WIMP Sensitivity
- COSINE-100U
- COSINE-200
- COSINE-1T

SI-WIMP Sensitivity(Migdal)
- COSINE-100U
- COSINE-200
- COSINE-1T

SD-WIMP Sensitivity(Migdal)
- COSINE-100U
- COSINE-200
- COSINE-1T



Summary
• COSINE-100 was designed to test the DAMA/LIBRA signal via the same 

target material, NaI(Tl) from Sep. 2016 to Mar. 2023

• Spectral Analysis

• Improved WIMP-nucleon cross section using 3-years data

• Investigation of various DM scenarios

• Modulation analysis 

• No DAMA like modulation with more than 3𝝈 significance using full COSINE-100 
data

• COISNE-100U experiment is being prepared using detectors with 
enhanced light yields detectors in newly constructed underground 
laboratory.

• 40% light yield improvement with new encapsulation technique.

• Detector fridge room for -35ºC  operation is ready

• COSINE-100U operation will start in August 2024 for searching low 
mass WIMP!
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Back up



Annual modulation signal

• Spherical halo of dark matter 
in our galaxy is expected to 
make dark matter flux to 
Solar system (WIMP Wind) 

• Speed of WIMP wind 
changes according to 
seasonal rotation of the 
Earth. 

• Changing WIMP speed 
induces changing interaction 
rate.
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NaI(Tl) Dark matter search 
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COSINE-100 experiment-NaI(Tl)
• 8 low-background NaI(Tl) crystals with 106 kg in total

• U/Th/K level is less than DAMA, but total alphas (𝟐𝟏𝟎𝐏𝐛) are higher than DAMA.

• Total background level is 2-3 times that of DAMA/LIBRA.

• Higher light yield (15 P.E./keV) than DAMA/LIBRA (5-10 P.E./keV)

• Can make the threshold lower easily

• Each crystal is encapsulated in copper and quartz windows.

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

• Quantum efficiency: 35% @ 420 nm 

Eur. Phys. J. C. 78 107 (2018)
Eur. Phys. J. C. 78 490 (2018)
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COSINE-100 experiment-Shielding

NaI(Tl) crystals

Liquid scintillator
• Active veto

• Liquid scintillator (LS)
• 2200-L LAB-based LS
• 5-inch PMT(R877) for LS detector

• 𝟒𝝅Muon counter
• 37 plastic scintillator panels 
• 2-inch PMT(H7195) for muon counter

• Passive veto 
• 3-cm thick copper box
• 20-cm thick lead castle

• Neutron monitoring
• Fast neutron detector (Liquid Scintillator)
• Thermal neutron detector ( 𝟑𝐇𝐞 gas detector)

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

Neutron monitoring

LS fast neutron

3He thermal neutron

COSINE shielding structure
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2018 JINST 13 T02007
Eur. Phys. J. C 78, 107 (2018)

JINST 13 T06005(2018)



Event Selection (SET2)
• Event selection updated since Astropart. Phys 130, 102581 (2021)

• To select scintillation event from PMT-induced noise

• Use pulse-shape parameters

• Meantime, likelihood parameters

+ Fast Fourier Transformation paramete r(for Set3)

• Multivariable analysis 

• BDT(SET2) →MLP(SET3)

• 1 keV → 0.75 keV

Pulse shape
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PMT-noise Events

Accumulated waveform of PMT noise

Boosted Decision Tree Multilayer perceptron

Likelihood parameter for Type-1 noise (22Na data) MLP distribution (Physics data) 

Optimal cut for 1% noise contamination

Preliminary

Reduce Type-1 applying selection 
to likelihood  parameter

Preliminary



Update Nonproportionality and Quenching 
factor of NaI(Tl)
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Eur. Phys. J. C 84 (2024) 484

Phys. Rev. C 110, 014614

Nonproportionality(nPR) of NaI(Tl)

Quenching factor of NaI(Tl) 

First measurement region



COSINE-100 operation cont’d

• Slow monitoring system

Data quality monitoring
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Temperature

Humidity

PMT HV

>200 Environmental parameters  



Yemilab @ Jeongseon

• Newly constructed underground
laboratory at Jeongseon in 2022
• 1000 m rock overburden 

• 3000 𝐦𝟑 experimental area
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Underground laboratories

Y2L
Yemilab
IBS

Y2L(700m)

Yemilab(1 km)

Front. Phys., 02 April 2024



Encapsulation

• Inner structure for PMT-crystal connection
• Direct contact PMT and crystal with optical pad 

• PTFE body, Brass bolt 

• PMT base shield (PTFE) 
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Sample 

PMT base shield



Encapsulation cont’d

• Copper case 
• Same as NEON experiment

• To prevent LS & air leak
• PTFE Gasket

• Cable gland 

cable glandPTFE gasket

42


	슬라이드 1: Status on  COSINE-100 experiment
	슬라이드 2: Motivation-DAMA/LIBRA
	슬라이드 3: COSINE-100 experiment
	슬라이드 4: COSINE-100 experiment 
	슬라이드 5: Data exposure
	슬라이드 6: Data exposure
	슬라이드 7: Data exposure
	슬라이드 8: Detector understanding update with SET3 data
	슬라이드 9: Detector understanding update with SET3 data
	슬라이드 10: Detector understanding update with SET3 data
	슬라이드 11: Detector understanding update with SET3 data
	슬라이드 12: WIMP Extraction
	슬라이드 13: Annual modulation analysis 
	슬라이드 14: Annual modulation analysis 
	슬라이드 15: Annual modulation analysis 
	슬라이드 16: Annual modulation analysis 
	슬라이드 17: Other DM scenarios
	슬라이드 18: What is next for COSINE-100?
	슬라이드 19: What is next for COSINE-100?
	슬라이드 20: COSINE-100Upgrade
	슬라이드 21: NaI(Tl) at -35°C
	슬라이드 22: NaI(Tl) at -35°C
	슬라이드 23: New encapsulation design
	슬라이드 24: New encapsulation assembling
	슬라이드 25: New encapsulation performance
	슬라이드 26: New encapsulation performance
	슬라이드 27: Status on COSINE-100U
	슬라이드 28: Status on COSINE-100U
	슬라이드 29: Plan for COSINE-100U
	슬라이드 30: Sensitivity estimation
	슬라이드 31: Summary
	슬라이드 32: Back up
	슬라이드 33: Annual modulation signal
	슬라이드 34: NaI(Tl) Dark matter search 
	슬라이드 35: COSINE-100 experiment-NaI(Tl)
	슬라이드 36: COSINE-100 experiment-Shielding
	슬라이드 37: Event Selection (SET2)
	슬라이드 38: Update Nonproportionality and Quenching factor of NaI(Tl)
	슬라이드 39: COSINE-100 operation cont’d
	슬라이드 40: Yemilab @ Jeongseon
	슬라이드 41: Encapsulation
	슬라이드 42: Encapsulation cont’d 

