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Check for DAMA’s Signal; Target Material

https://pdgweb.lbl.gov/2024/reviews/rpp2024-rev-dark-matter.pdf
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Check for DAMA’s Signal; Analysis Method

Jul-93Identification of Dark Matter 2024

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
https://doi.org/10.1038/s41586-018-0739-1
https://doi.org/10.1126/sciadv.abk2699
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Model-Independent Test of DAMA

Install NaI(Tl) Analyze Rate

https://cosine.yale.edu/gallery/photos
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Install NaI(Tl) – COSINE-100 Detector

Jul-95Identification of Dark Matter 2024

4:50 PM
by LEE SeoHyun

https://iopscience.iop.org/article/10.1088/1748-0221/13/02/T02007
https://doi.org/10.1016/j.nima.2021.165431
https://doi.org/10.1016/j.nima.2021.165431
https://doi.org/10.1140/epjc/s10052-018-5590-x
https://www.nature.com/articles/s41586-018-0739-1
https://www.nature.com/articles/s41586-018-0739-1
https://doi.org/10.1140/epjc/s10052-024-12770-1
https://arxiv.org/abs/2402.15122
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Install NaI(Tl) – Location
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https://cosine.yale.edu/gallery/photos
https://cupweb.ibs.re.kr/en/facilities-and-equipment/underground-labs/y2l/
https://www.google.co.kr/maps/place/%ED%95%9C%EA%B5%AD%EC%88%98%EB%A0%A5%EC%9B%90%EC%9E%90%EB%A0%A5+%EC%96%91%EC%96%91%EC%96%91%EC%88%98%EB%B0%9C%EC%A0%84%EC%86%8C/data=!3m1!4b1!4m6!3m5!1s0x35620771c4bbe4a1:0x714b813795b60351!8m2!3d38.0203682!4d128.5363266!16s%2Fg%2F1tfj105r?entry=ttu
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6 Years 4 Months 22 Days Later…
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Identification of Dark Matter 2024 Jul-98

Calibration for Testing DAMA’s Claim
1. Linear calibration: keVee

https://doi.org/10.1140/epjc/s10052-024-12770-1
https://doi.org/10.1016/j.nima.2008.04.082
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Calibration for Testing DAMA’s Claim
1. Linear calibration: keVee

2. Quenching factor corrected: keVnr

in DAMA

2 keV 6 keV

𝐸nr

20 keVnr6.7 keVnr

𝑞Na
DAMA = 0.30

in COSINE

0.85 keVee

3.12 keVee

𝑞Na
COSINE = 0.13~0.16

DAMA Na QF

COSINE Na QF

See also 

4:50 PM by LEE SeoHyun

https://doi.org/10.1016/S0370-2693(96)80020-7
https://arxiv.org/abs/2402.15122
https://doi.org/10.48550/arXiv.2402.12480
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Event Rate

Jul-910Identification of Dark Matter 2024

(2~6 keV in DAMA)
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Background Radioactive Isotopes
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COSINE-100 background + DAMA method
→Modulation (with reversed phase)

https://doi.org/10.1038/s41598-023-31688-4
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Background Radioactive Isotopes

Jul-912Identification of Dark Matter 2024

https://doi.org/10.1140/epjc/s10052-018-5970-2
https://doi.org/10.1016/j.astropartphys.2019.102390
https://doi.org/10.1140/epjc/s10052-024-12770-1
https://doi.org/10.1016/j.astropartphys.2024.102945
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Event Rate and Model
• The event rate for crystal 𝑖 is modeled as

𝑅𝑖 𝑡 = 𝐴 cos
2𝜋 𝑡 − 𝜙

𝑇
+

𝑗
𝐶𝑖𝑗𝑒

−𝜆𝑖𝑗𝑡 .

6.7~20 keVnr
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No Modulation Detected

3.57σ 3.25σ

(2~6 keV in DAMA)
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Identification of Dark Matter 2024 Jul-915

No Modulation Detected

(2~6 keV in DAMA)



LEE Seung Mok
2024

Identification of Dark Matter 2024 Jul-916

No Modulation Detected

𝑬
(keVee)

𝑨 (counts/day/kg/keVee)

COSINE-100 DAMA/LIBRA

1~3 0.0004 ± 0.0050 0.0191 ± 0.0020

1~6 0.0017 ± 0.0029 0.01048 ± 0.00090

2~6 0.0053 ± 0.0031 0.00996 ± 0.00074

𝑬
(keVnr)

𝑨 (counts/day/kg/𝟑. 𝟑 keVnr)

COSINE-100 DAMA/LIBRA

6.7~20 0.0013 ± 0.0027 0.00996 ± 0.00074

Electron Recoil Nuclear Recoil
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No DAMA-like WIMPs in NaI(Tl) Spectrum
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No Dark Matter in NaI(Tl) Data

Jul-918Identification of Dark Matter 2024

Solar Bosonic ParticlesSolar Axion

WIMP-Iodine
Inelastic Scattering

Bosonic Super WIMPDM Boosted from GC Low Mass WIMP-proton SD Interaction

https://doi.org/10.1103/PhysRevD.107.122004
https://doi.org/10.1016/j.astropartphys.2019.07.004
https://doi.org/10.1103/PhysRevD.108.092006
https://doi.org/10.1103/PhysRevD.108.L041301
https://doi.org/10.1103/PhysRevLett.131.201802
https://doi.org/10.1103/PhysRevLett.122.131802
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Jul-919Identification of Dark Matter 2024

New Deeper SiteLower Threshold
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COSINE-100Upgrade

Jul-920Identification of Dark Matter 2024

New Deeper SiteLower Threshold
Operation at -35°C

Light yield +5% Quenching factor +9%

Quenched 𝜶

https://doi.org/10.1016/j.astropartphys.2022.102709
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COSINE-100Upgrade
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New Deeper SiteLower Threshold
Minimal Encapsulation

, 

400 1600800 1200

Number of Photoelectrons

Light yield
+40%

https://doi.org/10.1016/j.nima.2020.164556
https://arxiv.org/abs/2404.03691
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COSINE-100Upgrade

Jul-922Identification of Dark Matter 2024

New Deeper Site; YemilabLower Threshold

https://www.nature.com/articles/d41586-024-01347-3
https://www.frontiersin.org/articles/10.3389/fphy.2024.1323991/full


LEE Seung Mok
2024

COSINE-100Upgrade
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New Deeper Site; YemilabLower Threshold
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COSINE-100Upgrade

Jul-924Identification of Dark Matter 2024

New Deeper Site; YemilabLower Threshold

~
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Ultra-pure NaI(Tl) Development for COSINE-200
• 400 kg of ultra-pure NaI powder is ready.

, 

, 

• We grew 0.7 kg of crystal with 0.2 counts/day/kg/keV.

• Further R&D to grow large crystals within the safety regulation is ongoing.

(ppb) K Pb U Th

Initial 248 19.0 <0.01 <0.01

Purified <16 0.4 <0.01 <0.01

https://doi.org/10.1007/s10967-018-6006-y
https://doi.org/10.1088/1748-0221/15/07/C07031
https://doi.org/10.1140/epjc/s10052-020-8386-8
https://doi.org/10.3389/fphy.2023.1142849
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COSINE-100Upgrade & 200 Prospects

Jul-926Identification of Dark Matter 2024

MeV Mass (with Migdal)
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• If WIMP dark matter distribute 
spherically over the galaxy,

• The rotation of sun and earth 
makes the WIMP wind rate vary.
• Period 1 year, maximum on 152.5 day.

• WIMP signal should have an 

Annual Modulation!

WIMP Standard Halo Model and Annual Modulation

F. Froborg and A. R. Duffy (2020)
J. Phys. G: Nucl. Part. Phys. 47 094002

https://doi.org/10.1088/1361-6471/ab8e93
https://doi.org/10.1088/1361-6471/ab8e93
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• DAMA detected the Annual Modulation!
• Using NaI(Tl) scintillator.

Annual Modulation in DAMA Experiment

DAMA/NaI, DAMA/LIBRA

𝑬 (keV) 𝑨 (counts/day/kg/keV) 𝝓 (day) C.L.

1 ~ 3
0.0191 ± 0.0020 152.5 (fixed) 9.7𝜎

0.0191 ± 0.0020 149.6 ± 5.9 9.6𝜎

1 ~ 6
0.01048 ± 0.00090 152.5 (fixed) 11.6𝜎

0.01058 ± 0.00090 144.5 ± 5.1 11.8𝜎

2 ~ 6
0.00996 ± 0.00074 152.5 (fixed) 13.4𝜎

0.01014 ± 0.00074 142.4 ± 4.2 13.7𝜎

P.Belli, EPS-HEP Conference (2021), Nucl. Phys. At. Energy, 22 4, pp.329-342 (2021)

https://dama.web.roma2.infn.it/wp-content/uploads/2021/10/Lib_upg2010_5.jpg
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
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Environment Stability
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https://doi.org/10.1088/1748-0221/17/01/T01001
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Calibration for Testing DAMA’s Claim
• If we interpret DAMA’s signal as a Nuclear Recoil,

• “the DAMA/LIBRA NaI(Tl) detectors are not the “same” as those of COSINE-100, since e.g. (…), they have 

different quenching factors for alpha’s and nuclear recoils, etc.”

• Quoted from DAMA’s words, SciPost Phys.Proc. 12 025 (2023) (Proceeding of IDM 2022).

• Then, let us consider the quenching factor difference.

DAMA QF
Phys. Lett. B, 389 (1996) 757

COSINE QF
arXiv:2402.15122 (PRC)

COSINE & ANAIS QF
arXiv:2402.12480 (PRC)

https://arxiv.org/abs/2209.00882
https://doi.org/10.1016/S0370-2693(96)80020-7
https://arxiv.org/abs/2402.15122
https://arxiv.org/abs/2402.12480


LEE Seung Mok
2024

Identification of Dark Matter 2024 Jul-933

Data and Statistical Model Detail

𝑅𝑖 𝑡𝑗 =
𝑘
𝛼𝑖𝑘𝑒

−𝜆𝑖𝑘𝑡𝑗 + 𝐴 cos
2𝜋 𝑡𝑗 − 𝑡0

𝑇

𝑁𝑖𝑗 = 𝑅𝑖 𝑡𝑗 𝑚𝑖Δ𝐸Δ𝑡𝜀𝑖𝑗
Live𝜀𝑖

Selection, 𝐷𝑖𝑗 ∼
iid

Pois 𝑁𝑖𝑗

• [Indices] crystal 𝑖, time bin 𝑗 (center 𝑡𝑗, width Δ𝑡), radioactive component 𝑘.

• 𝛼𝑖𝑘: initial activity for the 𝑘-th radioactive component.

• 𝜆𝑖𝑘: decay constant for the 𝑘-th radioactive component.

• 𝜀𝑖𝑗
Live: live time efficiency for that time bin.

• 𝜀𝑖
Selection: event selection efficiency.

• 𝐴: amplitude of the modulation signal.

• 𝑡0: phase of the modulation signal.

• 𝑇: period of the modulation signal.

• 𝑚𝑖: mass of crystal 𝑖.

• Δ𝐸: width of the energy ROI.

Constrained by
Background Model
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Pseudo Experiment Shows No Bias
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No Modulation Detected

2.89σ 1.41σ
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No Modulation Detected
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Data
Energy 
(keVee)

Model 𝝌𝟐 NDF 𝒑 (%)

Multiple 0.75-20 Null 37.13 39 55.53

Single

6-20 Null 28.10 28 45.91

0.75-6
Null 12.28 11 34.33

DAMA 28.03 11 0.32

No Modulation Detected

Data
Energy 
(keVnr)

Model 𝝌𝟐 NDF 𝒑 (%)

Multiple 5-66.7 Null 29.93 37 78.89

Single

20-66.7 Null 20.57 28 84.28

5-66.7
Null 11.26 9 25.86

DAMA 30.67 9 0.03
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