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Nal crystal for particle detection

Pro
* High light output
% 40,000 photons/MeV
% >60,000 photons/MeV?

« Easy to grow

% Cheap — . .
. roperties From Saint-Gobain
’:’ Large SIZG Density [g/cm?] 3.67
 The most widely used scintillator Metting point [K] 24
Thermal expansion coefficient [C'] 47.4 x 106
Cleavage plane <100>
Con Hardness (Mho) 2
Hygroscopic yes
* Huge hyg rOSCOpIC materlals Wavelength of emission max [nm] 415
« Contamination of natural Potassium Reftactive ndex @ omksionmax. 185
‘:‘ _ 3keV X—ray from 40K E-rir:an./ decay time [ns] 250
. - . . [;?'nottglneslfkeVy] 38
¢ NO gOOd Identlflcatlon Of nUCIear reCOII Temperature coefficient of light yield -0.3%C"

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 2



Nal(Tl) for rare event searches : Dark Matter

Physics Letters B

Volume 295, Issues 3—4, 3 December 1992, Pages 330-336

Search for neutralino dark matter with Nal

LNGS

A. Bottino, V. de Alfaro, N. Fornengo, G. Mignola, S. Scopel, Beijing - Roma - Saclay (BRS) Collaboration, C. Bacci ?,
P. Belli b, R. Bernabei ®, Dai Changjiang ¢, Ding Linkai ¢, E. Gaillard d G. Gerbier 9, Kuang Haohuai ¢, A. Incicchitti 2, J.
Mallet 4, R. Marcovaldi 2 L. Mosca 9 ... Xie Yigang ©

DAMA/LIBRA

detectors

Show more

RAPID COMMUNICATIONS

FEBRUARY 1993

1993

Application of a large-volume Nal scintillator to search for dark matter

Kamioka

PHYSICAL REVIEW C VOLUME 47, NUMBER 2

K. Fushimi, H. Ejiri, H. Kinoshita,* N. Kudomi, K. Kume, K. Nagata,
H. Ohsumi, K. Okada,’ H. Sano, and J. Tanaka
Department of Physics, Osaka University, Toyonaka, Osaka 560, Japan
(Received 30 September 1992)
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1998
Physics Letters B

Volume 433, Issues 1-2, 6 August 1998, Pages 150-155

Nuclear Physics B - Proceedings Supplements
Volume 48, Issues 1-3, May 1996, Pages 73-76

1996
A Search for annual and daily modulations of dark

matter with Nal scintillators at Canfranc
Canfranc

M.L. Sarsa, A. Morales, J. Morales, E. Garcia, A. Ortiz de Solérzano, J. Puimeddn, C. Saenz, A. Salinas, J.A. Villar

M

Measurement of scintillation efficiencies and
pulse-shapes for nuclear recoils in NaI(T1) and
CaF,(Eu) at low energies for dark matter
Boulby Mine

D.R. Tovey a, V. Kudryavtsev a, M. Lehner a, J.E. McMillan a, C.D. Peak a, J.W. Roberts a, N.J.C. Spooner a, J.D. Lewin b
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Hyun Su Lee,
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Annual modulation of dark matter

The Highs

In June, Earth moves

at its fastest speed Sun and Earth
move in the
through the dark A S

maftter halo. direction
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In December, | ' L/
Earth and

sun orbits
are opposed

Earth moves at

its slowest speed.

Earth passes
through many
dark matter
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Earth
encounters
fewer particles



Rate (cpd/kg/keV)

DAMA/LIBRA experiment

Located at LNGS, Italy

25 x 9.70 kg Nal(TI) detectors ~ 250 kg
Search for the annual modulation signal
Crystals grown by Saint-Gobain

% Extensive R&D for low-background crystals
% 0.85 ~ 1.3 counts/keV/kg/day (dru) background

Light yield of 5~10 PE/keV

DAMA/LIBRA-phase1 (250 kg, 2003-2010)
DAMA/LIBRA-phase2 (250 kg, 2010~current

Energy spectrum at ROI

6 .
i | Software energy threshold

A W
Phase2 data

2_

0 C Il : 1 | 1 1 1 [ 1 1 1 | 1 Il 1
0 2 4 6 8

Energy (keV)
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Typ (Pb)

Residuals (cpd/kg/keV)
[=]
S

Annual modulation signal from DAMA/LIBRA
Phase1 experiment Phase2 experiment

> o o A D ) Q
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Eur. Phys. J. C 73:2648 (2013)
okeV threshold

C. Savage et al, JCAP 04 (2009) 010

DAMA Regions

likelihood ratio
(To/50)

likelihood ratio
(30/90%)

Y gof.
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-------- total events

spin—independent

} f
10t 102 10°

Mywmvp (GeV)

Residuals (cpd/kg/keV)

Residuals (cpd/kg/keV)
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DAMA/LIBRA-phase2 =250 kg (1.13 tonxyr
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Nucl. Phys. At. Energy 19, 307 (2018)
1keV threshold

1-6 keV
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0.04 | | ! : : i
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However...

Particle Data Group 2018
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 |s Nal special for certain types of dark matter?

« Modulation signals vs time-averaged limits?
« Environmental effects? Better to have another Nal experiments

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 7



Global Nal(Tl) efforts

COSINUS
@ LNGS
DAMA
@LNGS : KIMS/COSINE | Nature 564, 83-86 (2018)
SABRE @ Yangyapg Phys. Rev. Lett. 123, 031302 (2019}
! @ LNGS In Data-taking\<
/ s fa
B/ PICO-LON
ANAIS .
Kamioka
@Canfranc @
. SABRE
In Data-taking
: V// ANAIS results. @ Stawe” \
20cmieed Anti-Rn box Phys. Rev. Lett. 123, 031301 (2019)
*

10 cm anceent lead
40 cm meutron shielding

1T
DM-Ice @ South Pole

* =
Center for Underground Physics (CUP), Institute for Basic Science (IBS)

Hyun Su Lee,
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Why it is so hard to reproduce DAMA?

NAIAD o . DM-Ice =~ ANAIS-0 prototype
- 2 _ — ] ...0
itropart. Phys. 19, 691 (2003)< é T R DMRSeta
v_ QP ys. 19, 691 ( 3)§ 2°; ’i T S leeney Soreeted T Suace (U " Events after filter 4
) > 15 ; = e Y] (Pls>u-20)
% 1 ’- RD 95, 032006 (2017) ] % 1 Events after filter 4
3 coo00005583388888883888888 §1° B r = T) 10 (P1s>0.4)
DAMA g sf = PJC 74, 3150 (2014)
o r ] . .
N _ = = 5 Saint Gobain
.t Bicron, Hilger, VIMS g e e SN
AN T~ DAMA
<ir -
P P R B R SR g r v _4OK ‘ y : :
0 10 15 20 25 30 & % 5 10 15 20 25 30 2 4 ) 6 8 10
Visible energy, keV Energy (keV) Energy (keV)

No other experiments achieve the low-background rate of Nal(Tl)

Saint-Gobain lost the technique for low-background Nal(TI) crystals

«» Confidential contraction between DAMA and Saint-Gobain was finished
already

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 9



Nal(

l) development with Alpha Spectra (AS)

« Joints R&D between three (ANAIS, DM-Ice, and KIMS)
collaborations and Alpha Spectra company since 2013

KIMS-Nal
10° —}— data —— totalMC ~  —ee-- PMTs, 22U (group 1)
—— Nal-005,*K  —— Nal-005, 2Pb surface =~ —— PMTs, ?®Ra (group 4)
Nal-005,2Na —— Nal-005, '°Pb bulk PMTs, %*Ra (group 7)
—— Nal-005, ?Te  ----- PMTs, ¥k PMTs, 2*Th (group 8)
----- Nal-005, @I —— Nal-005, "®"Te ----- Nal-005, ®"Te

Counts/day/keV/kg
R

T

[T 11

1__

"Illlll | IIlIIII| 11

—
10-‘3—____=.--- <
o2l B l |
= ,'.1
[ : ' |
10—3 _I_I_I_Lil.“ | LR AR ¥ e Il 1 l*ll ﬂ
1 10 107 10°

Energy (keV)

Astropart. Phys. 62, 249 (2015)

EPJC 76, 185 (2016)
EPJC 77, 437 (2017)

NIMA 103, 851 (2017)

High light yield ~ 15 PE/keV

counts / keV / kg/ day

-
o
)

ANAIS

-
o—l

7

data D2 a
—— sim with hypotheses :
—— sim with hypotheses+surface “"Pb |

vvvvvvvvvvvvv

40 50 60 70 80 90 100
Energy (keV)

NIMA, 742, 197 (2014)
JCAP 1502, 046 (2015)
EPJC 76, 429 (2016)

0 10 20 30

Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS) 10



Nal(

l) development with Alpha Spectra (AS)

« Joints R&D between three (ANAIS, DM-Ice, and KIMS)

Counts/day/keV/kg

collaborations and Alpha Spectra company since 2013

KIMS-Nal High light yield ~ 15 PE/keV ANAIS
"'l"'I"'I"'I'"I"'_'+'_'&at;"""""_ 61 S R S L L S S S B
10 — Nal005, *K N ——data D2
——— Nal-00s, “*Pbsurface | ] 5 | ——sim with hypotheses 1
o :::ﬁ: :ﬁz ] —— sim with hypotheses+surface *“Pb
8 —— PMTs, 22;*"Ra (group 4) t
------ PMTs, “K 4
—— total MC

PJC 77,437 (2017) -

M

counts / keV / kg/ day
N w
T—
A/
\_

- [Tt
2 1 ————— %M‘f’" -
B L 0 | 1A
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Energy (keV) Energy (keV)
m==) COSINE-100 mmm) ANAIS-112

2-4 times larger than DAMA
Reduced %K but, still contribute significantly

210Pp is the most significant contribution

Cosmogenic activation is unexpected problem from AS
* AS is located in Grand Junction, Colorado (~1,000 m altitude)

N4 & EPJC 76, 429 (2016)
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COSINE collaboration (Since 2015)

KIMS and DM-Ice joint effort to search for dark matter
interactions in Nal(Tl) scintillating crystals.
erient

B

¢ DM-I
E




YangYang(Y2L) Underground Laboratory
YangYang Pumped \

‘fn,
A i
i Y21l
! - =
W
et i S REEEEEER TR

,S,wf (Dark Matter Search)

cﬂﬁi’dﬁ D‘o“'ble Beta Decay Experlment)
Minimum depth : 700 m / Access to the lab by car (~2km)



COSINE-100 detector configuration

arXiv:2005.13672 JINST 13 T02007 (2018)

Nucl. Instrum. Meth. A 851 103 (2017)
4t Muon Counter Liquid Scintillator

37 plastic scintillator panels 5000-L L AB-based | S forveto
2-inch PMT(H7195)s for muon counter 5-inch PMT(R877)s for LS detector

m.' ' arXiv:2004.03463
JINST 13 T06005 (2018) ~ A fAre

Neutron Monitoring L —
Fast neutron detector R
(Liquid scintillator) .

Thermal neutron detector
(®*He gas detector)

3 cm copper

2200LLS

Nal(T1) crystals

P Nal(Tl) detector

3 8 low-background crystals
Shields Each crystal is encapsulated in copper

3-cm thick copper box Two 3-inch PMTs for each crystal
20-cm thick lead shielding (R12669SEL)

Eur. Phys. J. C. 78 107 (2018)

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 14
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COSINE-100 exposure
COSINE-100 Accumulated Data

1400 COSINE-100 Preliminary

1200 |—-- Total Livetime :1400.1 days ( 95.5%.). ...
. S— Good Data :1373.0 days ( 93 7% )
1000 e w— -
S Callbratlon F
[0) R SO OO UROOO”~ oSiOURUURIIN SOOI
£ 800
2 600 [rrr——————E g . cevscccones ettt esnees
|

SET 3 "." .:) :“'”:»

......................

.............................................

07/02. 02h

« Stable physics run
% >95% physics data
% >93% good runs

 In operation for > 4 years
s ~ 4 years good data

12/31. 05h

DAQ status

FADC DAQ M64ADC DAQ

Slow monltorlng

l\ }n ull mn \ A ML ,«_‘VIMW MJ l \l“ dosd o

n‘/\”,_"‘ 'l"\L|V‘

|
0Hz
9/2112:00 9/22 00:00 9/2212:00 9/23 00:00 9/2312:00 9/2400:00 9/2412:00 9/25 00:00 9/2512:00 9/26 00:00 9/26 12:00 9/27 00:00 ‘
== FADC rate == M64ADC rate

New row

Temperature
27.0°C

26.0°C
25.0°C
24.0°C

23.0°C
9/2112:00 9/22 00:00 9/2212:00 9/23 00:00 9/2312:00 9/24 00:00 9/2412:00 9/25 00:00 9/2512:00 9/26 00:00 9/26 12:00 9/27 00:00 ¢

== Detector Room A-side (8) == Tunnel (7) == Between Acrylic top and Cutop (4) = LS (5) crystal LS (2) bottom LS (6) top Air conditioner Detector Room near main door (
Between Leads and Cu box (3) == OMEGA DAQ board (9)

New row

Nal PMT Current Variation (A-side, micro Ampere) Nal HV Variation (A-side, Volts)

pA

>200 parameters are monitored

-1.0

20
9/22 9/23 9/24 9/25 9/26

9/22 9/23 9/24 9/25 9/26 9127 9/28 e NalHV1 == NalHV2 == NalHV3 == Nal HV4 NalHV 5 N

weNall1 = Nall2 = Nall3 « Nall4 Nal I § Nall6 Nall7 Nal 18 Nal HV 8

New row

Hyun Su Lee,

Center for Underground Physics (CUP),

Institute for Basic Science (IBS) 16



Background modeling (59.5 days)

WIMP Search (59.5 days)

>
% Eur. Phys. J. C (2018) 78:490 10000 A1 0738
10 L .
i £ "’K +Data — Total MC Internal Data NE
S /J T j/:%, — Best Fit S
g2 n ] n Hf" Y Cosmogenic ~— Surface — External I+ (systematic) =
3 [ — } i Y 2 8000— +20 (systematic) 81 0—39
e Ef P Sl > Best Fit+ WIMP =
A ‘ e F = (235<10% enFat10GeVic) | P
“J 3 T} @
‘ - S6000 B0
10 a [e]
5 S
8 c
‘ \ A 54000 o}
102 I | | | ™y, 0 Nl s © 104
0 10 20 30 40 50 60 200 400 600 800 10001200140016001800 S
Muttiple hit distribution nergy (keV) = 2
3| 2000— 0
20 ERJG78 (2018) 490 [Jintemal (] Cosmogene L g
F ata ot nterna Ml Surface | External =
% Cosmogenic Surface — Extemnal 0 | ] L I )
3 T —_
o - C T T T T T T T CD
O 1 . M’ i 0.1 104
i =
A L o
/ Hl &
| f =
10} A [a]
‘ | 1 - ~/ l\ 2 =01 | \ L . . ! !
— T\ 2 25 3 35 4 45 5 55 6
l - Energy (keV)

1072

1 1 1 | |

L sy’ 1 I 1 1
10 20 30 40 50 60

| |
200 400 600 800 10001200140016001800
Energy (keV)

Annual Modulation analysis (1.7 years)

Config

Amplitude (2-6 keV)

Phase (days)

COSINE-100
ANAIS
DAMA

0.0083 + 0.0068
-0.0044 £+ 0.0058
0.0095 + 0.0008

152.5 (fixed)
152.5 (fixed)
152.5 (fixed)

COSINE-100
DAMA

0.0092 + 0.0067
0.0096 £+ 0.0008

127 + 46
145 £5

NAIAD (2000-2003)
DAMA-Na Savage et al (30, 2009)

DAMA-I Savage et al (30, 2009)
COSINE-100 90% expected (16)
COSINE-100 90% expected (20)
COSINE-100 observed limit (90% C.L., 2018)
Exposure: 6303.9 kg day

v\l T T TTTI

T

T HHIW

'''''

T IHHH| T IHIIHl

L | | ! ol

10 10° 510
WIMP Mass (GeV/c?)

Nature 564, 83 (2018)

0.04

0.02

Amplitude (counts/keV/kg/day)

20
10
T T T T ™ T T T T T T T ™ lIl Vf‘Y
COSINE-100, 1.7 yrs 38 g
Expected Standard Halo Y
99.7% C.L.
95.5% C.L.
PRL 122, 131802.4{2
' 13180272019)
§ . Best-Fit 1
¥ DAMA/LIBRA |
i flnrnnflnnnnfinnnnlln —— 1J;7
50 100 150 200 250 300 350 ) 5 M

Phase (Days)



Other interpretations

Test 15 Effective Field Theory operators
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— DAMA/LIBRA = DAMA/LIBRA .

= .~

S| WIMP-proton Cross Section [pb]

= COSINE-100
M| L L L PR S S R |

— COSINE-100 ™
| I I I L PR R |

-

10 17 10 10°
WIMP Mass [GeV/c]] WIMP Mass [GeV/c?]

|sospin violating interaction

Best fit region of DAMA was not fully covered yet - Basic Science (1BS) 18



Other DM candidates 0

Solar Axion Inelastic boosted dark matter
4r

As.s%—

E o

§ o5t

El: Axion flux

°tz‘2 15

R

* o5 X2
G: | | | ..k.’\'**r‘;l
0 2 4 6 8 10 12

Energy (keV) ] ’
107°F oo 0 s Effectively ton scale detector taking
- = e 1201_2dvantage of 2 ton liquid scintillator
RPN A e - .-PRL 122,131802 (2019)
;"""""""""' TUTTTTTTTTTTXENONG00T T T T T/ T - w10-3:—
Astropart. Phys. 114/101 (2020) e haev, mteasey y 0
10—12 1 IIIIII| | - IIIIII| L1 11l | - IIIIIII L1 11l mtiMeV’rn’=7.5Mev’Y'=20
107 10* 107 102 , 107 1 104} e T
Axion mass (keV/c?) m, (MeV)
Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 19



Lowering energy threshold

Reduced threshold from 2 keV to 1 keV with better noise control

Use ~ two years data
Old BDT

New BDT

—_ 57 g e -
%4_5;.{.4 I '%f' ! ;0037 Scintillation Events 600
= v P i =
© | s | n b 002 Type-ll PMT Noise Events -0.1
T g5l A S 400
2P L e T R
s ] I 300
25: ) I't; '!‘ ] 0.01
° ¢ T oo
2?, :‘.!’ ',: ........ :
1.5 ::;'-. ﬁi[‘? i i't: 3" 2(2100 — e me me a0 100
= 2 . 2 4 6 8 10
o.5i'~-~— R e Energy [keV]
Gy L I arXiv:2005.13784
BDT scores
Signal Waveform (0.66 keV, BDT=0.014) Waveform (0.59 keV, BDT=-0.19) L L3
. . Mult1 le-hit spectrum
: 3 Selection Efficiency _ p p
S
: ] §~ [ i 2?—Na 0.8 keV
: : g T e 3300 40K 3.2 keV
; IR ff g2
L =
I R R 08 g
‘ w20
Nolse Waeform (0.54 keV., BOT=0.99) Efficiency of scintillation events 5 SS
3 Fitted line (cumulative beta function) g 15 g(e
| Understand signal-like events ¢/ | E RO +o4
| and noise-like events at low | Z10 T+
. ; o
] energies 0.4 S = ] ]
q_ ' ° ) ° Eﬁergy [ke\1/(]) 50 Multiple-hit events
Develop new parameter for BDT T P S A |
: Energy [keV]
Hyun Su Lee, Center for Underground Physics (CUP),  Institute tor Basic Science (IBS) 20
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events

Single-hit Events
— Data — Total MC
— External — Cosmogenic

— Internal
Surface

Counts (/keV/kg/day)

10 Preliminary y
1 20 40 60 70 1000 2000 73000
Energy [keV]
F10°F Multiple-hit events
> F F Multiple-hit Events
< 10¢ . . = — Data  — Total MC — Internal
E 1 3 Prel I m I n a ry F — External — Cosmogenic —— Surface
§10‘1
o i
1072
10_3*hm_7. o ——/.’ﬁT E . \<.\,/\ Ll .
1 20 40 60 70 1000 2000 3000
Energy [keV]

* Improved background modeling

< 129] rock-gamma (2%8Tl) are added
% Better modeling of surface 2'°Pb using contaminated crystal (Astropart. Phys. 126 (2021) 102528)

21

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS)



WIMP Search results (1.7 years)

Low energy signal region

= .
I 4 Single-hit Events s
E: - — Data — TotalMC  — Internal 3
S i — External — Cosmogenic Surface

o 3

x —

:, -

o | .
S 2f
o -

@) _

B \ &

0 5 10 15 20 =
Energy [keV] %10_3

-

s

~ an order of magnitude better =
results than the previous result o

Other interpretation is ongoing
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Fit results Accumulated Spectrum
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COSINE-200 crystal development

* Goal : Background less than DAMA/LIBRA (1 dru)

** Needs a factor two or more improvement

*» Powder purification/crystal growing/detector assembly will be done at IBS, Korea
Powder purification performance

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

K.A. Shin et al., JINST 15, Co7031 (2020)

K (ppb) Pb (ppb) | U (ppb) Th (ppb)
Initial Nal | 248 19.0 <0.01 <0.01
Purified Nal | <16 0.4 <0.01 <0.01

Purification factory ~
70 kg powder load

< ESSST

Full size grower=my
100 kg ingot il

Hyun Su Lee, Center for Un
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Crystal ingots

Our grown crystals o
Powder 3 - <20 <20
Aug/2018 | 684 3.8+/-0.3 26+/-7 <6
Sept/2019 | 8 0.01+/-0.02 11+/-4 7+/-2

BV'{‘K" SES

iy
W
B ey &
o -

DAMA

<20 0.01~0.03 8.7~124 2~31

Crystal machining

Expected background
D Internal
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Counts/keV/kg/day
o

World best quality Nal crysta
EPJC 80 (2020) 814
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Low-threshold Nal(TIl) detectors

New parameters for BDT
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Nal(Tl) for spin-dependent interactions ¢

« Unique proton odd target (Na = 11, | = 57)
s Good for spin-dependent interactions
*» A world best detector for spin-dependent interaction is possible

107%
S — PICO-60 C,F, 2017
NE — —e— COSINE-100 (6303.9kg*d) . fy
B 1keV, 1dru, 200kg™yr, 1 o na—

~ 0% |- 1keV, 1dru, 200kg"yr, 3 e\‘_m“
0.5keV, 0.1dru, 1t*yr, 1o Y

0.5keV, 0.1dru, 1t*yr, 3¢
0.5keV, 0.1dru, 1t*yr, w PSD, 1o
0.5keV, 0.1dru, 1t*yr, w PSD, 3¢

10—

SD WIMP-proton Interaction (c

10738 —
— e
1074 (.‘/OS-}N"":;}to
— Pt i S‘D
- coSINE-tton Wi i
10_42_| Lol | ol I Lol I Lol
10 102 10° 10*

WIMP mass (GeV/c?)
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Detector assembly for high light yield (low threshold)

~50% higher light yield

1.4

€ —— NEO-3
> 9= NEO-2
g =+meme= COSINE-100
5 [ NIMA 981 (2020) 164556
< i~ #

0.8 | ]
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« - 2 N
P y . ."’- =l 0.2 1
i - e :
e L <& . = et

| 0 Ol sl el T
> NPE/keV => 0.25 keV threshold " Pwe
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Possibility to detect CEVNS in reactor AN

« Coherent Elastic v Nucleon Scattering (CEVNS )
“* Predicted at 1974
“ First observation at 2017 using spallation neutron source (~ 30 MeV neutrino)
“* However, CEVNS with reactor neutrino (~3 MeV) is not
QA lot of scientific and technological application

Science 357, 1123 (2017)

® 30 Beam ON
Science:= K
AVAAAS r: 15 +
. \ b4}
| = § ol % [l +
N i
» 5 15 25 35 45

Number of Photoelectrons (PE)

SPOTTINGA = 60 Solar Neutrinos =

GHOST l

1 b, Wy, Bum ON
45 prompt n

Counts / 500 ns

Arrival Time (us)

Hyun Su Lee, Center for Underground Physics (CUP),



Worldwide efforts for CEVNS oN
M. Vivier from Magnificent 2020

EUROPEAN

:
SN,

SOURCE

(CCM)
Planned

N\
IVEXIN R

Planned

Huge variety of detection
techniques !

New experimental field connecting DM and

Running  (reactor) neutrino physics communities !
A . -

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 30



NEON Collaboration 5

SXIN

~ 15 people who are all active members of COSINE-100 and/or NEOS

CENTER FOR _/\/\i

Aim to observe CEVNS from reactor v,using Nal(Tl) detector
Can take an advantage of COSINE-100 and NEOS experiences

Hyun SuLee,  Center for Underground Physics (CUP), Institute for Basic Science (IBS) 31



Reactor & NEON detector

Tendon Gallery of Hanbit Nuclear Power Plant (Yeonggwang)

O
>

L %

PE:30
m Calibration hole pipe

All commercial NaI(Tl) crystal
Total 15 kg
3 units of 3”x4”

3 units of 3”x8”

Base : 200 x 200 x 20 cm?

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS) 32







Regctor ON ﬁ» +£¢ ﬁ#%i

1000 —

Sensitivity

Flat background ~5 dru
Detector mass = 15 kg
Reactor on data = 365 days
Reactor off data = 100 days
Light yield = 22 NPE/keV
Trigger and selection efficiency

Threshold = 5 NPE

Single pseudo experiment
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Strategy of NEON experiment

O

2019

2020

2021 2022 2023 2024 2025

NEON-phase 1
NEON-phase 2

« NEON-phase1 (~2023)

% ~15 kg commercial crystals (< 10 dru background)
*» Demonstration of detector performance and observe CEvVNS with > 30

« NEON-phase2 (~2025)

% ~100 kg purified crystals ( <1dru background)
< Precision measurement and explore new physics interaction |

EPJC 80 (2020) 814

<Body growth>

Hyun Su Lee,
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Summary & Conclusion

Nal(Tl) crystals have been developed for dark matter
search experiments in Korea
*» Revisit DAMA experiments

Korea (KIMS/COSINE) is the world-leading group in the
Nal(Tl) detector for rare event searches

World-leading scientific applications are developed
* Dark matter search : Spin-dependent WIMP-proton interaction

% Coherent elastic neutrino nucleus scattering
JGood chance for the first observation from reactor anti-neutrino

Stay tuned for more exciting results to come
from COSINE and NEON experiments!

Hyun Su Lee, Center for Underground Physics (CUP), Institute for Basic Science (IBS)
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Muon modulation (3 years data)

Annual modulation of muon rate

Correlation with T«
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