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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
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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

+
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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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Exposure (Running for more than 4 years)

Sept./2016 Dec./2020Jul./2018 Sept./2019

7
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Data Monitoring 
 (via Smartphone)

We monitor >100 parameters for the detector and Another 100 variables from data

8
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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

9
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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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Solar Axion Search

C7 signal spectrum
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<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>
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<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>
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<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>
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<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>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

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.
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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

WIMP Mass (GeV/c2)
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Annual Modulation Analysis with  1-keV threshold (3 yr)
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/1

5-
da

ys

1-6 keV C2

C3

C4

C6

C7

Preliminary

Preliminary Results : 0.0061 0.0040 dru 
DAMA/LIBRA :          0.0106 0.0011 dru

±
±

Better Modeling of Backgrounds 
Better Pseudo experiments

Keep pounding! Need more data! Need better crystals!

15

15



Chung-Ang University BSM Workshop (2021/2/1-3)Chang Hyon Ha (Chung-Ang Univ.)

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)

16
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Prototype NaI(Tl) crystal detector

EPJC 80, 814 (2020)

Expected Background Level
DAMA

17
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COSINE-200 (starting 2022)

18

We have been preparing 200 kg experiment (COSINE-200) using 
better crystals with lower background

Annual  
Modulation 

Analysis
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Yemilab Status

AMoRE Hall

COSINE Hall
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Coherent Neutrino Nucleon Scattering (CNNS) Motivation

• The process predicted 46 years ago and the first 
measurement came just a few years ago (stopped pion) 
by the COHERENT collaboration. 

• Aim at detection of Coherent scattering in reactors. 

• Single flavor (electron anti-neutrino) & A2 dependence

• Neutrino Magnetic Moment 

• Neutrino Non-Standard Interactions 

• Neutrino-electron scattering. 

• Sterile neutrinos (reactor anomaly)

Coherent effects of a weak neutral current 
Daniel Z. Freedman (PRD 9,1389) 1974)

ν̄e

Na

~MeV

~keV
qR<1 : Coherent requirement

20
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M. Vivier from Magnificent 2020
Worldwide efforts for CNNS 

Measured in Cs, Ar
Running

Running

Commissioning

Commissioning

RunningPlanned
Planned

Planned

Planned Planned

4kg PC HPGe

70g Si CCD

DP LXeTPC

Si/Ge Super-CDMS style

Ge EDELWEISS-style

CaWO Light/Heat

PPC Ge

NaI(Tl)
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Expected Rate and Sensitivity for NaI(Tl) crystal detectors

Significance : 
!.# ± %. &	(

Reactor ON

Reactor OFF

Signals : 548.6 +/-125.6

CNNS model

Sodium

Iodine

~1.6 events/day/15 kg

•Assumption�for�sensitivity�study�
ü 22-photoelectrons/keV(PEs/keV)�light�yield�
ü 15-kg�mass�of�detector�
ü 5-counts/kg/day/keV�flat�background�
ü 5-PEs�threshold�
ü 365/100-days�reactor-on/-off�data
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The NEON(Neutrino Elastic-scattering Observation on NaI(Tl)) Collaboration

15 members, 3 institutes

Active members of  
the COSINE and NEOS experiments

Goal : CNNS measurements in NaI(Tl) crystals from nuclear reactor.
(Low-background dark matter Crystal experts + Reactor neutrino experiment experts )

23
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The Key Questions & Requirements for NEON

•Assumption�for�sensitivity�study�
ü 22-photoelectrons/keV(PEs/keV)�Light�Yield�
ü 15-kg�mass�of�detector�
ü 5-counts/kg/day/keV�flat�background�
ü 5-PEs�threshold�
ü 365/100-days�reactor-on/-off�data

• High Light Yield ~ Low Threshold ~ More CNNS events 

• COSINE-100 dark matter experiment NaI(Tl) ~ 15 P.E./keV 

• NEO crystals show more than 20 P.E. / keV 

• Direct PMT coupling to the crystal & Simpler Encapsulation and 
less material.

NIMA 981 (2020) 164556
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The Key Questions & Requirements for NEON

•Assumption�for�sensitivity�study�
ü 22-photoelectrons/keV(PEs/keV)�Light�Yield�
ü 15-kg�mass�of�detector�
ü 5-counts/kg/day/keV�flat�background�
ü 5-PEs�threshold�
ü 365/100-days�reactor-on/-off�data

NEO-1, 2, 3 
(1.64 kg)

NEO-4, 5, 6 
(3.37 kg)

15 kg Crystal Mass

25
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The Key Questions & Requirements for NEON
•  Can you reach 5 dru at the threshold region? 

• Current : 3 counts/kg/day/keV at 5 keV (Single) 
• Higher at the threshold region (~7 dru) 
• This means crystals are pure enough and LS 

veto is working. 
• To do : Analysis needs to be further developed 

to characterize the lowest energy events.

PreliminaryPreliminary

LS Veto

•Assumption�for�sensitivity�study�
ü 22-photoelectrons/keV(PEs/keV)�Light�Yield�
ü 15-kg�mass�of�detector�
ü 5-counts/kg/day/keV�flat�background�
ü 5-PEs�threshold�
ü 365/100-days�reactor-on/-off�data
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The Key Questions & Requirements for NEON

•  Can you reach 5-PE (0.2 keV) threshold? 

• Current : 1 keV (= 22 NPE) threshold in NEON 
• Previously, we have developed BDT/

DeepLearning in COSINE crystals                      
(0.4 keV = 6 NPE) 

• To do : Multivariate analysis needs to be 
developed to reject PMT noise background. 
Dedicated calibration is on-going. We are 
confident!

•Assumption�for�sensitivity�study�
ü 22-photoelectrons/keV(PEs/keV)�Light�Yield�
ü 15-kg�mass�of�detector�
ü 5-counts/kg/day/keV�flat�background�
ü 5-PEs�threshold�
ü 365/100-days�reactor-on/-off�data COSI

NE-1
00 E

xperi
ence

0.4 keV

Single-hit Multiple-hit

characterize types of noise in COSINE crystals

40K(3 keV)

22Na(0.9 keV)

0.25keV

0.5keV
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Readiness of the NEON Experiment
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Construction of the NEON Experiment

61 2 3 4 5

NEON

Hanbit Nuclear Power Plant (Yeonggwang)
No. 6 Reactor

NEON prototype @IBS Transfer Installation and construction

November 2020

tendon gallery
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Schedule for the NEON Experiment

•Assumption�for�sensitivity�study�
ü 22-photoelectrons/keV(PEs/keV)�Light�Yield�
ü 15-kg�mass�of�detector�
ü 5-counts/kg/day/keV�flat�background�
ü 5-PEs�threshold�
ü 365/100-days�reactor-on/-off�data

2020-4 2021-1 2021-2 2021-3 2021-4 2022-1 2022-2
Crystal R&D (Improvement of Light Yield, Acquire more mass, and Better Analysis)

NEON-phase1 data

NEON-phase2 development
OFF

ON ON

Data@IBS Installation@HanbitNPP

Can you actually do this?
—We started data-taking December of 2020 
 —Currently the reactor is off for maintenance.
—We take off-data for 3-months and the 

reactor will be back on.
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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. Coming soon. 

• We also search for other dark matter candidates such as solar Axion and iBDM, and other interaction signatures. 

• Development of low-radioactivity, high-light yield NaI(Tl) opens a new opportunity not only for the dark matter 
particles but also for reactor neutrinos through the CNNS detection. Of course for various BSM candidates! 

• Stay tune!
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