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Standard Halo Model and Annual Modulation

Standard Halo Model
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https://doi.org/10.1103/RevModPhys.85.1561
https://doi.org/10.1088/1361-6471/ab8e93
https://doi.org/10.1088/1361-6471/ab8e93

Annual Modulation in DAMA Experiment
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« DAMA detected the Annual Modulation!
« Using Nal(TI) scintillator.
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https://dama.web.roma2.infn.it/wp-content/uploads/2021/10/Lib_upg2010_5.jpg
https://jnpae.kinr.kyiv.ua/22.4/html/22.4.0329.html

Check for DAMA’s Signal: Target Material

DAMIC (2020)

CDMSlite (2018) Si
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https://pdg.lbl.gov/2024/reviews/rpp2024-rev-dark-matter.pdf

Check for DAMA’s Signal: Analysis Method
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https://doi.org/10.1038/s41586-018-0739-1
https://doi.org/10.1126/sciadv.abk2699
https://jnpae.kinr.kyiv.ua/22.4/html/22.4.0329.html
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Model-Independent Test of DAMA

Same Material, Nal(TIl)
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Status of COSINE-100 and its Upgrade

2018

2019

2020
Year

2021

Crystal 2

2022 2023

CENTERFOR "\

6 Nov-08

PHYSICS 2024


https://cosine.yale.edu/gallery/photos

Install Nal(T]) - COSINE-100 Detector

—— Best Fit ¢+ Sample Crystal 4 Crystal 4
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S.A.Payne etal, Nonproportionality of Scintillator Detectors:
Theory and Experiment. I IEEE Trans. Nucl. Sci. 58,3392 (2011)
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https://doi.org/10.1038/s41586-018-0739-1
https://doi.org/10.1140/epjc/s10052-018-5590-x
https://doi.org/10.1109/TNS.2011.2167687
https://doi.org/10.1109/TNS.2011.2167687
https://doi.org/10.1140/epjc/s10052-024-12770-1

Install Nal(T]) - COSINE-100 Detector
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https://doi.org/10.1038/s41586-018-0739-1
https://doi.org/10.1140/epjc/s10052-018-5590-x
https://doi.org/10.1103/PhysRevC.110.014614

Install Nal(T]) - COSINE-100 Detector
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https://doi.org/10.1038/s41586-018-0739-1
https://doi.org/10.1140/epjc/s10052-018-5590-x
https://doi.org/10.48550/arXiv.2408.14688

Install Nal(T]) - COSINE-100 Detector
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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/s10052-024-12770-1
https://doi.org/10.1103/PhysRevC.110.014614
https://doi.org/10.1038/s41586-018-0739-1
https://doi.org/10.1038/s41586-018-0739-1
https://doi.org/10.1140/epjc/s10052-018-5590-x
https://arxiv.org/abs/2408.14688
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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

6 Years 4 Months 22 Days Later..

Livetime: 6.12 years (95 65%)
: Good Data: 5.84 years (91.39%)
- I Calibration

& U'I

w

_—
—— E
n ®
o @
© >
q) .
> 2
b 200 =
- o
= @
: 4
— <

LLl

N

100

Sl
B
., l@

«4-’6

LEE SeungMok Status of COSINE-100 and its Upgrade CENTER FOR 12 Nov-08

PHYSICS 2024

&
N

N S
(s
JES

y"((



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

Calibration for Testing DAMA’s Claim

Linear Calibration > keV QF Corrected - keV,,
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https://doi.org/10.1016/S0370-2693(96)80020-7
https://doi.org/10.1016/S0370-2693(96)80020-7
https://doi.org/10.1103/PhysRevC.110.014614
https://doi.org/10.1103/PhysRevC.110.014613
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Background Radioactive Isotopes

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

Sci.Rep. 13,4676 (2023)

Bias=-0.040 Counts/day/kg/keV

DAMA-like method

Residual

Bias=-0.009 Counts/day/kg/keV
PRD106,052005 (2022)
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https://doi.org/10.1038/s41598-023-31688-4
https://doi.org/10.1103/PhysRevD.106.052005

Background Radioactive Isotopes
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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
https://arxiv.org/abs/2408.09806

Event Rate and Model

6.7~20 keV |,

: | Data ---- Tel27m
: - Bkgd + Modulation  ---- Tel2lm
---- flat --- 5nl13
- Pb210 bulk Cd109
---- Pb210 surface --- Na22
---- H3 Co60
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Event Rate and Model

R;(t) = Acos (Zn(tT_ d))) + zj Cije_’lijt

E; = Rl-(tk)AtmiAEei(llcivetime)e-(seleCtion), i i Pois(Ej ).

l

. Cj; Y (Cij, ACF;) for decaying components, while C; o) Was unconstrained.

* Cirlat) Was unconstrained so that it can treat the stationary WIMP wind.

D Constrained from the
* Bounded to be positive. background understanding

* The 21%Pb surface component’s ;; v (4ij, A% ). Others’ were set constant.

 Bounded to be positive.

» Utilized the Metropolis-Hasting MCMC algorithm.

E;x: expected number of events in k-th time bin. [counts]
[Indices] crystal i, radioactive component j, time bin k (center t;, width At). . Ei(;lcweume): live time efficiency for that time bin.
R;(t): event rate at time t. [dru] (selection), ayent selection efficiency for the crystal.
A: amplitude of the modulation signal. [dru] «  ny: measured number of events in the time bin. [counts]
¢: phase of the modulation signal. [day] «  T:period of the modulation signal. (fixed as 365.25 days = 1year)
C;; initial event rate for the j-th radioactive component. [dru] « m;: mass of crystal i. [kg]
« J;;:decay constant for the j-th radioactive component. [day-'] «  AE:width of the energy ROI. [keV]
%@E%LEE SeungMok Status of COSINE-100 and its Upgrade CENTERFOR __\__19 Nov-08
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Pseudo Experiment Shows No Bias

Injected Measured

Measured

Example Posterior
(1073 counts/day/kg/keVee)
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Pull Distribution
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No Modulation Detected

Linear Calibration
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No Modulation Detected

Linear Calibration
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No Modulation Detected

Linear Calibration

Amplitude
(counts/day/kg/keVee)

(counts/day/kg/3.3 keVpy,)

Quenching Factor Corrected

t COSINE-100 Single-hit

4 COSINE-100 Multiple-hit
P M T B PR | MR B R |

Electron Recoil Energy (keVee)

Energy
(keV.,)

Single

Null 12.28
DAMA 28.03
Null 28.10
Null 3713

6-20
Multiple 0.75-20

£ '—'\
; LEE SeungMok

12 14

34.33

Energy
(keV,,)

20 26.7 33.3 40 46.7 53.3 60 66.7
Nuclear Recoil Energy (keVy,)

Null 11.26 25.86

5-66.7

0.32
28 45.91
39 55.53

Status of COSINE-100 and its Upgrade
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20-66.7
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DAMA 30.67 9 0.03
Null  20.57 28 84.28
Null 2993 37 78.89
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No Modulation Detected

Linear Calibration

Quenching Factor Corrected
1-3keVee

6.7-20 keV,,

+ Data === COSINE-100

Residual
Residual

2017 2018 2019 2020 2021 2022 2023 2017 2018 2019 2020 2021 2022
Year

Year

A (counts/day/kg/keV,,) A (counts/day/kg/3.3 keV,,)
keVee COSINE-100 DAMA/LIBRA keVn,r COSINE-100 DAMA/LIBRA
1-3 0.0004+0.0050 0.0191+0.0020

2023

6.7-20 0.0013+0.0027 0.00996+0.00074

L Preprint at arXiv:2409.13226
0.0053+0.0031 0.00996+0.00074 -
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https://arxiv.org/abs/2409.13226

In 3 Years Nal(TI) Spectrum...
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https://arxiv.org/abs/2408.09806
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In 3 Years Nal(Tl) Spectrum, No WIMP-electron Signal
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https://jnpae.kinr.kyiv.ua/22.4/html/22.4.0329.html
https://doi.org/10.1103/PhysRevD.93.115037
https://doi.org/10.1103/PhysRevLett.130.101002
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https://doi.org/10.1103/PhysRevLett.122.131802
https://doi.org/10.1103/PhysRevLett.131.201802
https://doi.org/10.1016/j.astropartphys.2019.07.004
https://doi.org/10.1016/j.astropartphys.2019.07.004
https://doi.org/10.1103/PhysRevD.107.122004
https://doi.org/10.1103/PhysRevD.108.092006
https://doi.org/10.1103/PhysRevD.108.L041301

COSINE-100Upgrade

Lower Threshold New Deeper Site
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COSINE-100Upgrade

Operate at-30°C
Astropart.Phys.141,102709(2022)
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https://doi.org/10.1016/j.astropartphys.2022.102709

COSINE-100Upgrade

Lower Threshold New Deeper Site

Minimize Encapsulation

NIMA981,164556 (2020), JINST 19.P10020 (2024) ;
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https://doi.org/10.1016/j.nima.2020.164556
https://doi.org/10.1088/1748-0221/19/10/P10020
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https://doi.org/10.1016/j.nima.2024.169489
https://doi.org/10.1016/j.nima.2024.169489
https://doi.org/10.1145/3065386
https://github.com/dvgodoy/dl-visuals
https://doi.org/10.48550/arXiv.1706.03762

COSINE-100Upgrade

Lower Threshold New Deeper Site; Yemilab

Front. ths.12, 1“323991 (2024)
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https://www.nature.com/articles/d41586-024-01347-3
https://www.frontiersin.org/articles/10.3389/fphy.2024.1323991/full

COSINE-100Upgrade

Lower Threshold
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COSINE-100Ungrade Expected Background
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https://arxiv.org/abs/2409.15748

COSINE-100Upgracde Prospects
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https://arxiv.org/abs/2409.15748

Ultra-pure Nal(TI) Development for COSINE-200

- 400 kg of ultra-pure Nal powder is ready. (ppb) | K Ph U Th
+ J.Rad.Nucl.Chem.317,1329(2018), JINST15,C07031(2020) Initial 243 19.0 <0.01  <0.01
- EPJC80,814(2020), Front. Phys. 111142849 (2023) Purified <16 0.4 <001  <0.01

« 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.
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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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