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Big Question :  What is Universe made of? 
Universe is full of Dark Matter!

mysterious matter that 
holds galaxies together with no light (Coma Cluster)

galaxy velocity curve, 
gravitational lensing and 

cosmic microwave background

Planck experiment

Zwicky (1933) 
“Dunkle Materie”
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WIMP Signals & Backgrounds
Discrimination of nuclear recoils (Signal)  

from electron/gamma recoils(Background)

Annual modulation signal
3

Rate Analysis



CAU BSM Workshop (2022/2/7~10)Chang Hyon Ha (Chung-Ang Univ.)

The DAMA annual modulation signal, 
to be confirmed with independent measurements by the same NaI(Tl) target material

Dark Matter Modulation 
>9 sigma

Modulation between 2-6 keV

Background : 
~1 count/day/kg/keV  

(dru=differential rate unit) 
above 2 keV

NDM15

Eur. Phys. J. C (2010) 67: 39-49NIMA 592 (2008) 297

phase1 phase2

4



CAU BSM Workshop (2022/2/7~10)Chang Hyon Ha (Chung-Ang Univ.)

Crystal Scintillator Technology
Goal : Collect as much visible light as possible

Good 
Resolution, 

Good Stopping 
power, 

Hygroscopic, 
Low scalability
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12 CsI(Tl) 8.7 kg crystals (103 kg total)
Background level achieved at ~3 dru (counts/keV/kg/day) at 3 keV

SI cross section limit

PRL. 108 181301 (2012)

KIMS-CsI results  
rejects DAMA signal 

in WIMP-Iodine interactions

x
y z

annual modulation analysis

KIMS Preliminary

modulation amplitude

Need to investigate WIMP-
Sodium interactions

6

6

Korea Invisible Matter Search : the KIMS experiment
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Global NaI(Tl) efforts

ANAIS @ Canfranc

DAMA/LIBRA @ LNGS

SABRE @ LNGS

DM-Ice17 @ South Pole

COSINE-100 @ Y2L

PICO-LON @ Kamioka

SABRE @ Stawell
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The COSINE-100 Experiment
Joint collaboration between KIMS and DM-Ice to search for 

dark matter interactions in NaI(Tl) scintillating crystals.

5 countries, 
15 institutes
50 scientists

+

KIMS

COSINE
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The COSINE-100 detector components

4 X 2 encased crystal array 
Total mass of 106 kg

2 tons of 
liquid scintillator

37 panels of 
plastic scintillator

JINST13 T02007 (2018)

Nucl. Instrum. Meth. A 851 102 (2017) 

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

Eur.Phys.J. C78 (2018) no.2, 107 

slide open

calibration Holes
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Data Monitoring 
 (via Smartphone)

We monitor >100 parameters for the detector and Another 100 variables from data
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JINST 17 T01001(2022)
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Exposure (Running for more than 5 years)
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Stable running of the detector for 5 years. Good runs are more than 90%
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Crystal-LS coincidence

γ (1460 keV)

Liquid Scintillator

40K
e- (3 keV)

3 keV 40K peaks

+ Data (vetoed) 

– Fit 

– Subtracted 40K 


• Liquid scintillator light is passively read out when there is a trigger in a crystal.


• A crystal trigger with LS energy deposit larger than 80 keV is defined as multiple hit events.


• 40K emits 1460 keV gamma with 3 keV Auger electron energy deposition in NaI crystal


• Tagging 1460 keV events with LS enables vetoing of 3 keV background events (70-80%)


• Liquid scintillator internal contamination well modeled with simulation

13
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Nucl. Instrum. Methods A 1006, 165431 (2021)
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210
No Cut
Muon&LS veto+Single hit
+2 hits/PMT
+BDT (thin pulses)
+BDTA (bell pulses)

WIMP search Spectrum

DAMA WIMP Signal Expectation

Raw Spectrum

PMT noise reduction  
Every experiment has noise and WIMP search=Noise Reduction

1. Constant Rate Analysis 
2. Annual Modulation Analysis
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Single-Hit

Multiple-Hit

<standard halo>
     v0 = 220 km/s,  
ρDM = 0.3 GeV/cm3,  

vesc = 650 km/s 
fp/fn=1

Quenching 
factor

Q(Na)=0.3, 
Q(I)=0.09

COSINE-100 (2-keV Threshold Analyses)

Annual Modulation Analysis(1.7 yr)

Nature 564,83(2018)

PRL 123,031302 (2019)

EPJC 78, 490 (2018)
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Constant Rate Analysis with  1-keV threshold (1.7 yr)

A factor of 10 improved result compared to the first result

16

Sci. Adv. 7, eabk2699 (2021)   
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Constant Rate Analysis with  1-keV threshold (1.7 yr)

Additionally, we checked alternative hypotheses for isospin-
violating cases and EFT operators with the same threshold and the 
updated quenching factors as DAMA/LIBRA.  

We find, in general, those are incompatible with COSINE-100 data. 
There is no excess of events over the expected background, that 
can be interpreted as DAMA's annual modulation signal under the 
assumption of dark matter interactions based on the Standard 
Halo Model.
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Sci. Adv. 7, eabk2699 (2021)   
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Additionally, we checked alternative hypotheses for isospin-
violating cases and EFT operators with the same threshold and the 
updated quenching factors as DAMA/LIBRA.  

We find, in general, those are incompatible with COSINE-100 data. 
There is no excess of events over the expected background, that 
can be interpreted as DAMA's annual modulation signal under the 
assumption of dark matter interactions based on the Standard 
Halo Model.
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Sci. Adv. 7, eabk2699 (2021)   

Science Article
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Constant Rate Analysis with  1-keV threshold (1.7 yr)
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This Results (1–6 keV) : 0.0067 0.0042 dru 
DAMA/LIBRA :               0.0105 0.0011 dru

±
±

Better Modeling of Backgrounds 
Better Pseudo experiments

Current results are statistics-limited. Need a better detector!
19

PRD submitted (arXiv:2111.08863)
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Annual Modulation Analysis with 1-keV threshold (2.82 yr)
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What does this mean? : Weighing a WIMP

0
1

2

3

DAMA/LIBRA (~20yr)
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COSINE-100(~3yr)

VS

20
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0

1

2

ANAIS-112 (~3yr)

(−0.34 ± 0.42) × 10−2 [dru] (0.67 ± 0.42) × 10−2 [dru](1.05 ± 0.11) × 10−2 [dru]

With the current setup, it is hard to reach 5  test to the DAMA exp.σ
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Search for the Migdal Effect (Look for ~GeV nuclear recoils)

When a Nuclear Recoil by a Low Energy WIMP is 
small (a few keV), the recoil signal is not easy to 
detect directly. However, after the recoil, due to 
the lagging (excitations) of surrounding electrons, 

some energies come out as  e/γ

arXiv:2110.05806
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<latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit>

�1
�0

<latexit sha1_base64="Hk0lEK4dt1JLR7H6+7qYGhnV6jY=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEV0NGFF0W3bisYC/QDiWTpm1sJhmSjFCGvoMbF4q49X3c+TZm2imo6A+Bn++cQ875o0RwYzH+9JaWV1bX1ksb5c2t7Z3dyt5+06hUU9agSijdjohhgkvWsNwK1k40I3EkWCsaX+f11gPThit5ZycJC2MylHzAKbEONbt0xHu4V6li/xznQtjHC1OQoCBVKFTvVT66fUXTmElLBTGmE+DEhhnRllPBpuVualhC6JgMWcdZSWJmwmy27RQdO9JHA6XdkxbN6PeJjMTGTOLIdcbEjszvWg7/qnVSO7gMMy6T1DJJ5x8NUoGsQvnpqM81o1ZMnCFUc7croiOiCbUuoLILYXEp+t80T/0A+8HtWbV2VcRRgkM4ghMI4AJqcAN1aACFe3iEZ3jxlPfkvXpv89Ylr5g5gB/y3r8ANGyO3w==</latexit><latexit sha1_base64="Hk0lEK4dt1JLR7H6+7qYGhnV6jY=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEV0NGFF0W3bisYC/QDiWTpm1sJhmSjFCGvoMbF4q49X3c+TZm2imo6A+Bn++cQ875o0RwYzH+9JaWV1bX1ksb5c2t7Z3dyt5+06hUU9agSijdjohhgkvWsNwK1k40I3EkWCsaX+f11gPThit5ZycJC2MylHzAKbEONbt0xHu4V6li/xznQtjHC1OQoCBVKFTvVT66fUXTmElLBTGmE+DEhhnRllPBpuVualhC6JgMWcdZSWJmwmy27RQdO9JHA6XdkxbN6PeJjMTGTOLIdcbEjszvWg7/qnVSO7gMMy6T1DJJ5x8NUoGsQvnpqM81o1ZMnCFUc7croiOiCbUuoLILYXEp+t80T/0A+8HtWbV2VcRRgkM4ghMI4AJqcAN1aACFe3iEZ3jxlPfkvXpv89Ylr5g5gB/y3r8ANGyO3w==</latexit><latexit sha1_base64="Hk0lEK4dt1JLR7H6+7qYGhnV6jY=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEV0NGFF0W3bisYC/QDiWTpm1sJhmSjFCGvoMbF4q49X3c+TZm2imo6A+Bn++cQ875o0RwYzH+9JaWV1bX1ksb5c2t7Z3dyt5+06hUU9agSijdjohhgkvWsNwK1k40I3EkWCsaX+f11gPThit5ZycJC2MylHzAKbEONbt0xHu4V6li/xznQtjHC1OQoCBVKFTvVT66fUXTmElLBTGmE+DEhhnRllPBpuVualhC6JgMWcdZSWJmwmy27RQdO9JHA6XdkxbN6PeJjMTGTOLIdcbEjszvWg7/qnVSO7gMMy6T1DJJ5x8NUoGsQvnpqM81o1ZMnCFUc7croiOiCbUuoLILYXEp+t80T/0A+8HtWbV2VcRRgkM4ghMI4AJqcAN1aACFe3iEZ3jxlPfkvXpv89Ylr5g5gB/y3r8ANGyO3w==</latexit><latexit sha1_base64="Hk0lEK4dt1JLR7H6+7qYGhnV6jY=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEV0NGFF0W3bisYC/QDiWTpm1sJhmSjFCGvoMbF4q49X3c+TZm2imo6A+Bn++cQ875o0RwYzH+9JaWV1bX1ksb5c2t7Z3dyt5+06hUU9agSijdjohhgkvWsNwK1k40I3EkWCsaX+f11gPThit5ZycJC2MylHzAKbEONbt0xHu4V6li/xznQtjHC1OQoCBVKFTvVT66fUXTmElLBTGmE+DEhhnRllPBpuVualhC6JgMWcdZSWJmwmy27RQdO9JHA6XdkxbN6PeJjMTGTOLIdcbEjszvWg7/qnVSO7gMMy6T1DJJ5x8NUoGsQvnpqM81o1ZMnCFUc7croiOiCbUuoLILYXEp+t80T/0A+8HtWbV2VcRRgkM4ghMI4AJqcAN1aACFe3iEZ3jxlPfkvXpv89Ylr5g5gB/y3r8ANGyO3w==</latexit>

�0
<latexit sha1_base64="Hk0lEK4dt1JLR7H6+7qYGhnV6jY=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEV0NGFF0W3bisYC/QDiWTpm1sJhmSjFCGvoMbF4q49X3c+TZm2imo6A+Bn++cQ875o0RwYzH+9JaWV1bX1ksb5c2t7Z3dyt5+06hUU9agSijdjohhgkvWsNwK1k40I3EkWCsaX+f11gPThit5ZycJC2MylHzAKbEONbt0xHu4V6li/xznQtjHC1OQoCBVKFTvVT66fUXTmElLBTGmE+DEhhnRllPBpuVualhC6JgMWcdZSWJmwmy27RQdO9JHA6XdkxbN6PeJjMTGTOLIdcbEjszvWg7/qnVSO7gMMy6T1DJJ5x8NUoGsQvnpqM81o1ZMnCFUc7croiOiCbUuoLILYXEp+t80T/0A+8HtWbV2VcRRgkM4ghMI4AJqcAN1aACFe3iEZ3jxlPfkvXpv89Ylr5g5gB/y3r8ANGyO3w==</latexit><latexit sha1_base64="Hk0lEK4dt1JLR7H6+7qYGhnV6jY=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEV0NGFF0W3bisYC/QDiWTpm1sJhmSjFCGvoMbF4q49X3c+TZm2imo6A+Bn++cQ875o0RwYzH+9JaWV1bX1ksb5c2t7Z3dyt5+06hUU9agSijdjohhgkvWsNwK1k40I3EkWCsaX+f11gPThit5ZycJC2MylHzAKbEONbt0xHu4V6li/xznQtjHC1OQoCBVKFTvVT66fUXTmElLBTGmE+DEhhnRllPBpuVualhC6JgMWcdZSWJmwmy27RQdO9JHA6XdkxbN6PeJjMTGTOLIdcbEjszvWg7/qnVSO7gMMy6T1DJJ5x8NUoGsQvnpqM81o1ZMnCFUc7croiOiCbUuoLILYXEp+t80T/0A+8HtWbV2VcRRgkM4ghMI4AJqcAN1aACFe3iEZ3jxlPfkvXpv89Ylr5g5gB/y3r8ANGyO3w==</latexit><latexit sha1_base64="Hk0lEK4dt1JLR7H6+7qYGhnV6jY=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEV0NGFF0W3bisYC/QDiWTpm1sJhmSjFCGvoMbF4q49X3c+TZm2imo6A+Bn++cQ875o0RwYzH+9JaWV1bX1ksb5c2t7Z3dyt5+06hUU9agSijdjohhgkvWsNwK1k40I3EkWCsaX+f11gPThit5ZycJC2MylHzAKbEONbt0xHu4V6li/xznQtjHC1OQoCBVKFTvVT66fUXTmElLBTGmE+DEhhnRllPBpuVualhC6JgMWcdZSWJmwmy27RQdO9JHA6XdkxbN6PeJjMTGTOLIdcbEjszvWg7/qnVSO7gMMy6T1DJJ5x8NUoGsQvnpqM81o1ZMnCFUc7croiOiCbUuoLILYXEp+t80T/0A+8HtWbV2VcRRgkM4ghMI4AJqcAN1aACFe3iEZ3jxlPfkvXpv89Ylr5g5gB/y3r8ANGyO3w==</latexit><latexit sha1_base64="Hk0lEK4dt1JLR7H6+7qYGhnV6jY=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEV0NGFF0W3bisYC/QDiWTpm1sJhmSjFCGvoMbF4q49X3c+TZm2imo6A+Bn++cQ875o0RwYzH+9JaWV1bX1ksb5c2t7Z3dyt5+06hUU9agSijdjohhgkvWsNwK1k40I3EkWCsaX+f11gPThit5ZycJC2MylHzAKbEONbt0xHu4V6li/xznQtjHC1OQoCBVKFTvVT66fUXTmElLBTGmE+DEhhnRllPBpuVualhC6JgMWcdZSWJmwmy27RQdO9JHA6XdkxbN6PeJjMTGTOLIdcbEjszvWg7/qnVSO7gMMy6T1DJJ5x8NUoGsQvnpqM81o1ZMnCFUc7croiOiCbUuoLILYXEp+t80T/0A+8HtWbV2VcRRgkM4ghMI4AJqcAN1aACFe3iEZ3jxlPfkvXpv89Ylr5g5gB/y3r8ANGyO3w==</latexit>

�1

�2
<latexit sha1_base64="YwzYs8iSNUw3Frzh8lAS+QtKeHE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3Th6IJhY0FFXddHdFiRQWff/Ly62tb2xu5bcLO7t7+wfFw6OG1alhvM601KYVUculULyOAiVvJYbTOJK8GY1upn7zkRsrtLrHccLDmA6U6AtG0UmNDhuKbqVbLPllfwbyQ4JlUoIFat3iZ6enWRpzhUxSa9uBn2CYUYOCST4pdFLLE8pGdMDbjioacxtms2sn5MwpPdLXxpVCMlN/T2Q0tnYcR64zpji0y95U/M9rp9i/CjOhkhS5YvNF/VQS1GT6OukJwxnKsSOUGeFuJWxIDWXoAiq4EFZeXiWNSjnwy8HdRal6vYgjDydwCucQwCVU4RZqUAcGD/AEL/Dqae/Ze/Pe5605bzFzDH/gfXwDKlCO2A==</latexit><latexit sha1_base64="YwzYs8iSNUw3Frzh8lAS+QtKeHE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3Th6IJhY0FFXddHdFiRQWff/Ly62tb2xu5bcLO7t7+wfFw6OG1alhvM601KYVUculULyOAiVvJYbTOJK8GY1upn7zkRsrtLrHccLDmA6U6AtG0UmNDhuKbqVbLPllfwbyQ4JlUoIFat3iZ6enWRpzhUxSa9uBn2CYUYOCST4pdFLLE8pGdMDbjioacxtms2sn5MwpPdLXxpVCMlN/T2Q0tnYcR64zpji0y95U/M9rp9i/CjOhkhS5YvNF/VQS1GT6OukJwxnKsSOUGeFuJWxIDWXoAiq4EFZeXiWNSjnwy8HdRal6vYgjDydwCucQwCVU4RZqUAcGD/AEL/Dqae/Ze/Pe5605bzFzDH/gfXwDKlCO2A==</latexit><latexit sha1_base64="YwzYs8iSNUw3Frzh8lAS+QtKeHE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3Th6IJhY0FFXddHdFiRQWff/Ly62tb2xu5bcLO7t7+wfFw6OG1alhvM601KYVUculULyOAiVvJYbTOJK8GY1upn7zkRsrtLrHccLDmA6U6AtG0UmNDhuKbqVbLPllfwbyQ4JlUoIFat3iZ6enWRpzhUxSa9uBn2CYUYOCST4pdFLLE8pGdMDbjioacxtms2sn5MwpPdLXxpVCMlN/T2Q0tnYcR64zpji0y95U/M9rp9i/CjOhkhS5YvNF/VQS1GT6OukJwxnKsSOUGeFuJWxIDWXoAiq4EFZeXiWNSjnwy8HdRal6vYgjDydwCucQwCVU4RZqUAcGD/AEL/Dqae/Ze/Pe5605bzFzDH/gfXwDKlCO2A==</latexit><latexit sha1_base64="YwzYs8iSNUw3Frzh8lAS+QtKeHE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3Th6IJhY0FFXddHdFiRQWff/Ly62tb2xu5bcLO7t7+wfFw6OG1alhvM601KYVUculULyOAiVvJYbTOJK8GY1upn7zkRsrtLrHccLDmA6U6AtG0UmNDhuKbqVbLPllfwbyQ4JlUoIFat3iZ6enWRpzhUxSa9uBn2CYUYOCST4pdFLLE8pGdMDbjioacxtms2sn5MwpPdLXxpVCMlN/T2Q0tnYcR64zpji0y95U/M9rp9i/CjOhkhS5YvNF/VQS1GT6OukJwxnKsSOUGeFuJWxIDWXoAiq4EFZeXiWNSjnwy8HdRal6vYgjDydwCucQwCVU4RZqUAcGD/AEL/Dqae/Ze/Pe5605bzFzDH/gfXwDKlCO2A==</latexit>

�1

e�
<latexit sha1_base64="XtGzF16h5eqE2ec7r2cNYhPNaFA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4McxIQI9BLx4jmgWSMfR0apImPT1Dd48QhnyCFw+KePWLvPk3dhYhbg8KHu9VUVUvSATXxnU/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4OfGb96g0j+WtGSXoR7QvecgZNVa6wbuTbrHkld0piPuLfFklmKPWLb53ejFLI5SGCap123MT42dUGc4EjgudVGNC2ZD2sW2ppBFqP5ueOiZHVumRMFa2pCFTdXEio5HWoyiwnRE1A/3Tm4h/ee3UhOd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFBZD+J80TsueW/auK6XqxTyOPBzAIRyDB2dQhSuoQR0Y9OEBnuDZEc6j8+K8zlpzznxmH77BefsE6JqNiQ==</latexit><latexit sha1_base64="XtGzF16h5eqE2ec7r2cNYhPNaFA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4McxIQI9BLx4jmgWSMfR0apImPT1Dd48QhnyCFw+KePWLvPk3dhYhbg8KHu9VUVUvSATXxnU/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4OfGb96g0j+WtGSXoR7QvecgZNVa6wbuTbrHkld0piPuLfFklmKPWLb53ejFLI5SGCap123MT42dUGc4EjgudVGNC2ZD2sW2ppBFqP5ueOiZHVumRMFa2pCFTdXEio5HWoyiwnRE1A/3Tm4h/ee3UhOd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFBZD+J80TsueW/auK6XqxTyOPBzAIRyDB2dQhSuoQR0Y9OEBnuDZEc6j8+K8zlpzznxmH77BefsE6JqNiQ==</latexit><latexit sha1_base64="XtGzF16h5eqE2ec7r2cNYhPNaFA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4McxIQI9BLx4jmgWSMfR0apImPT1Dd48QhnyCFw+KePWLvPk3dhYhbg8KHu9VUVUvSATXxnU/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4OfGb96g0j+WtGSXoR7QvecgZNVa6wbuTbrHkld0piPuLfFklmKPWLb53ejFLI5SGCap123MT42dUGc4EjgudVGNC2ZD2sW2ppBFqP5ueOiZHVumRMFa2pCFTdXEio5HWoyiwnRE1A/3Tm4h/ee3UhOd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFBZD+J80TsueW/auK6XqxTyOPBzAIRyDB2dQhSuoQR0Y9OEBnuDZEc6j8+K8zlpzznxmH77BefsE6JqNiQ==</latexit><latexit sha1_base64="XtGzF16h5eqE2ec7r2cNYhPNaFA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4McxIQI9BLx4jmgWSMfR0apImPT1Dd48QhnyCFw+KePWLvPk3dhYhbg8KHu9VUVUvSATXxnU/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4OfGb96g0j+WtGSXoR7QvecgZNVa6wbuTbrHkld0piPuLfFklmKPWLb53ejFLI5SGCap123MT42dUGc4EjgudVGNC2ZD2sW2ppBFqP5ueOiZHVumRMFa2pCFTdXEio5HWoyiwnRE1A/3Tm4h/ee3UhOd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFBZD+J80TsueW/auK6XqxTyOPBzAIRyDB2dQhSuoQR0Y9OEBnuDZEc6j8+K8zlpzznxmH77BefsE6JqNiQ==</latexit>

�
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Using 2 tons of the LS volume as a crystal-LS 
combined target, we search for dark matter 
signals that could be displaced in a volume.

Inelastic Boosted Dark Matter

PRL 122,131802 (2019)
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Solar Axion Search

C7 signal spectrum
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COSINE-200 Preparations (much work done in Korea)

 

Purification 
(70 kg powder load)

Small Grower 
(1 kg crystal ingot)

Full-sized Grower 
(100 kg crystal ingot)

K.A. Shin et al., J. Rad. Nucl. Chem. 317, 1329 (2018) 
 K.A. Shin et al., JINST 15, C07031 (2020) 

Powder Purification

Background rate should be less than 1 dru (DAMA)
24
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Prototype NaI(Tl) crystal detector

EPJC 80, 814 (2020)

Expected Background Level
DAMA
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Large Size NaI(Tl) crystal growth at CUP
Test growing without Thallium doping

Roughly 70 kg ingot is grown 
(June/2021)

195 kg NaI Merck Powder loaded

Sequence of crystallization
In-house Crystal growing starts working. Large-size Tl-doped and 

low-bkg crystal growth is the next step.
26
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NaI(Tl) crystal at −35∘C
arXiv:2111.03328

NaI(Tl) crystal produces more light as temperature decreases.

waveforms Neutron Source

Am-241

Tl-208

Alpha Quenching (Po-210)
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COSINE-200 (starting 2023)

28

We have been preparing 200 kg experiment (COSINE-200) using 
better crystals with lower background, possibly operating at −35∘C

Annual  
Modulation 

Analysis
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AMoRE Hall

COSINE Hall

29

COSINE-200 (starting 2023 @ Yemilab)
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Summary and Outlook
• Dark Matter direction detection aims at detecting nuclear recoils by WIMP. 

• There is one claimed detection of WIMP from the DAMA experiment that uses annual variation phenomenon. 

• Among various efforts, Korea is specialized in using the crystal scintillator target with the same material as DAMA. So, 
the reproduction of the experiment is possible. 

• We have ruled out a theory that explains the DAMA signal as a dark matter particle but we, then, need to figure out 
where the modulation comes from with better detection sensitivity.  

• We also search for other dark matter candidates such as Low-mass WIMPs with Migdal effect, solar Axion and iBDM, 
and other interaction signatures. 

• COSINE-200 is under preparation. We will use high purity, low-background, house-produced crystals. Plan on 
operating at .  

• Yemilab construction is well underway. Space for COSINE-200 has been prepared already. Currently finishing up the 
pavement. Moving of experiments from Y2L to Yemilab will start mid-2023. Stay tuned.

−35∘C

30


