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Table 35.4: Properties of several inorganic crystals. Most of the notation is defined in Sec. 6 of this

Review.

B FL—F—DWSE505

Particle Data p571.

Parameter: p MP Xo* Rum* dE/dx™ A" Tdecay Amax n' Relative  Hygro- d(LY)/dT
output scopic?
Units: g/em® °C ecm cm  MeViem cm ns nm % /°CS
Nal(TI) 3.67 651 259 4.13 4.8 42.9 245 410 1.85 100 yes —0.2
BGO 713 1050 1.12 223 9.0 22.8 300 480 2.15 21 no —0.9
BaFo 4.29 1280 2.03 3.10 6.5 30.7  650%  300% 1.50 3625 no —1.98
<0.65  220f 4.1f 0.1f
CsI(TT) 451 621 1.86 3.57 5.6 39.3 1220 550 1.7¢ 165 slight 0.4
CsI(Na) 451 621 1.86 3.57 5.6 39.3 690 420 1.84 ) ves 0.4
Csl(pure) 4.51 621 1.86 3.57 5.6 393 80F 310 1.95 5.5F slight -1.4
61 1.17
PbWOy4 830 1123 0.89 2.00 10.1 0.7 8 425%  2.20 0.37 no -2.5
10f 4207 0.077f
LSO(Ce) T7.40 2050 1.14 2.07 0.6 20.9 40 402 1.82 85 no —0.2
PbFs 7.77 824 093 2.21 9.4 21.0 - - - Cherenkov no -
CelF; 6.16 1460 1.70 2.41 8.42 23.2 30 340  1.62 7.3 1o 0
LaBrg(Ce) 529 783 1.88 2.85 6.90 30.4 20 356 1.9 180 ves 0.2
CeBrg 523 722 1968 297 6.65 31.5 17 371 1.9 165 ves -0.1
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Nal(T1) 3.67 38 000 230 413 1.85  FHfAPEMSD T
CsI(TI) 4.51 54 000 1100 580 1.788  wifEED D
CsI(Na) 4.51 25000 650 420 1.84 g
CsI(pure) 4.51 82 000 600 400 1.788  Jlf#ED D
CaF3(Eu) 3.17 18 000 1 000 435 1.443  pwifEER L

Liq. Xe 2.95 42 000 40 175 1.6 1.7° I THH
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Fig. 2. Energy spectra for Cal, and Nal(Tl), produced with 662 keV gamma rays from
a ¥¢s source [10]. Here, the photoelectric peak of Cal, is 2.7 times higher than that

Fig. 1. Photographs of a Cal, scintillator crystal grown by the Bridgman-Stockbarger of Nal(Tl), and its estimated light yield is 107,000 ph./MeV.

method (top) and the measurement setup (bottom). Here, a Cal, crystal a few
millimeters in size was placed on a photomultiplier tube in a dry room at IMK.

0.02
% Start Channel (Sch) |
S 0.01 e
Table 1 % f Pedestal
Summary of the scintillation properties of Nal(T]) and Cal, scintillators. 2
Nal(T1) Cal,
Light yield 39,000 ph./MeV 107,000 ph./MeV
Energy resolution 6.4%@662 keV 3.2%@662 keV
Decay time 230 ns 834 ns
Emission wavelength 420 nm 410 nm i
1 . F {300 ns) :
Dﬂlﬁlt}l’ 3.67 gfﬂﬂj 3.97 g"fcm% —_— m.ﬁinm.m1m,am¢u.mwu
1 I L L 1 1 L 1 L L 1 1 1 1 l
400 600 800 1000
Time [2.5 ns/ch]

Fig. 3. Typical Cal, scintillation light waveform, produced by our setup under '¥Cs
gamma-ray excitation.
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(2023).

V.Caracciolo et al., SciPost Phys. Proc. |2, 021
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—— Structure of the crystal
- Cut edge of the crystal

Fig. 1. The structure of a unit cell of ZnWO; crystals.

Table 2. Angles and lengths of a unit cell
of ZnWO, crystals.

o [deg] p [deg] y [deg.]
90.0000 90.6210 90.0000
a[A] b [A] c[A]

4.96060 5.71820 4.92690
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COSINE- 100 (&)

Scientific Reports | (2023) 13:4676

The DAMA/LIBRA collaboration has reported the observation of an annual modulation in the event
rate that has been attributed to dark matter interactions over the last two decades. However, even
though tremendous efforts to detect similar dark matter interactions were pursued, no definitive
evidence has been observed to corroborate the DAMA/LIBRA signal. Many studies assuming various
dark matter models have attempted to reconcile DAMA/LIBRA’s modulation signals and null results
from other experiments, however no clear conclusion can be drawn. Apart from the dark matter
hypothesis, several studies have examined the possibility that the modulation is induced by variations
in detector’s environment or their specific analysis methods. In particular, a recent study presents

a possible cause of the annual modulation from an analysis method adopted by the DAMA/LIBRA
experiment in which the observed annual modulation could be reproduced by a slowly varying time-
dependent background. Here, we study the COSINE-100 data using an analysis method similar to the
one adopted by the DAMA/LIBRA experiment and observe a significant annual modulation, however
the modulation phase is almost opposite to that of the DAMA/LIBRA data. Assuming the same
background composition for COSINE-100 and DAMA/LIBRA, simulated experiments for the DAMA/
LIBRA without dark matter signals also provide significant annual modulation with an amplitude
similar to DAMA/LIBRA with opposite phase. Even though this observation does not directly explain
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SABRE

Eur. Phys. J. C (2022) 82:1158

£ 2500
= ~ [ %2/ ndf 87.01/12
Qo | Constant 2194 £17.4
O " | Mean 49.37 £ 0.10
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Fig. 4 Gaussian fit to the 2!°Pb peak in the Monte Carlo simulated
spectrum of crystal Nal-33. The position of this peak, calculated by the
fit, is used to evaluate the energy correction factor to be applied in real
data
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Fig. 8 Nal-33 low energy spectrum (after selection cuts and
acceptance-correction) for data acquired with the PoP-dry (red points 0.5 _'—“'-_—-..__‘__,_._r"""—"'--._,__‘___
for BDT and blue point for cut-based selection) and the PoP setup (black T O T T D
points). The latter includes only events in anti-coincidence with the lig- 2 4 6 8 10 12 14 16 18 20
uid scintillator veto. The wider binning (and error bars) reflects the ~ 10 Energy [keV]
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Fig. 9 PoP-dry energy spectrum of the Nal-33 crystal up to 70 keV
(top) and below 20 keV (bottom) with a spectral fit. Data are shown
after noise rejection and acceptance correction
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Source Activity in Rate in ROI Activity in Activity in Activity in
Nal-33 in Nal-33 DAMA/LIBRA crystals ANALIS crystals COSINE crystal
[mBg/kg] [cpd/kg/keV] [mBg/kg] [mBg/kg] [mBg/kg]

b 0.15 £ 0.02 0.12 £ 0.02 < 0.62 0.70-1.33 0.58-2.5

219pb (bulk) 0.461 £ 0.005 0.325 £ 0.004 0.005-0.03 0.70-3.15 0.74-3.20

226Ra 0.0059 £ 0.0006 0.0049 +£0.0005  0.009-0.12 0.003-0.01 0.0002-0.001

22Th 0.0016 £ 0.0003 0.002-0.03 0.0004-0.004 0.001-0.01

‘H <0.005 < 0.05 < 0.09 0.09-0.20 0.05-0.12

1297 1.29 + 0.02 0.96 % 0.06 0.96 + 0.06 0.72-1.08

219pb (PTFE) 0.83 £0.06 mBq  0.46 £ 0.03 - 0-3 mBq 0-8 mBq

238U (PMTs quartz window) — 0.31 £0.05mBq  0.011 & 0.002 - - -

Other (flat) 0.39 £+ 0.02

Total 1.36 £ 0.04
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Current & Planned Nal(TIl) Experiments
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NaIl(TH#E DIRIK
EAREEY F L —F —(TmaME

_ DAMA |COSINE ANAIS SABRE

natk (uBqg/kg) <600 <1060 54571200 120
232Th(uBqg/kg) 2731 2.5735 "4 0.8
226Ra(uBqg/kg) 8.77124 11745] ~ 10 5

210Pb(uBqg/kg) 5-30 1073000 70073150 360

U-chain: |ppt= 12.3 uBq/kg
Th-chain: |ppt= 4.0 uBqg/kg
210Pb: | ppt=2.5kBq/kg
DAMA: NIM A592 (2008) 297.
ANAIS, SABRE, COSINE-100 : Talk slides in TAUP202 1.
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(K.Fushimi PTEP 2021 (2021) 043FO0|, https://doi.org/10.1093/ptep/ptab020)

10 ¢
Pb i + - A,B : Not sufficiently
additive | A !

] effective

8 1 C : Pb reduced 1/20

§ D : Pbreduced |/30

+ c

? D
0.1
19 20 21 22 23 24

RESIN



https://doi.org/10.1093/ptep/ptab020

/%\:: //\J
ICP-MSD 4T T 13 HJ A 2 (210Pb =100 g /g)

Nwm%miﬁU\ﬁnvﬁfivyPGM%ﬁ
D-I— EJ N \/E

1.2 kgBZEDNEEZ1E-> T17 BAIZE




Ingot85 PSD (| dayx|1.33 kg)

QTail vs QTotal_1us

=
oo
[I'II|IIII|IIII|II'II

A

-
-
-
—

0.1

=

Low event rate !!

H2PsdT
Entries 479442
Mean x 219
Mean y 0.4593
RMS x 2384
RMS y 0.05073

ST

1 | 1 1
1000 1500

2023%10A6H MUEHK €3I+ -—

1 | 1
2000

2

500 3000
ENERGY(keV)

44




,%fg"ft Ei‘ljjl K.Fushimi et al., PTEP 2021 043F01.

226Rq 222Rn+210Pg

3 24F CH#1.0ON
2 22F Ingot 24 (2015) @@L@
Ingot24 8 EE_
226Ra 100 uBq/kg % 18- Ingot85 (2020)
210P0 50 uBqa/kg 4E
F \ S /\SwT/\ S \w
Ingot 85 D_H; " | ‘
226Ra | 3 uBq/kg 06 INITNT
0.4}

210po < 5.7 uBqg/kg

D'I R T |.'| 'I : M | El

| | .
|! !.'.. 'l

i e ‘uu A . 2 okl 121
ﬂl}ﬂ 2500 3000 3500 4{]{!] 45[!] E-I}EHII EMI} EIIH]
ENERGY(keVee)

1I . 1

2023f£10A6B MLEHR +€3I+-— 45




40K |3 BAE B CHEL R Th |

nutnerviergedd
fm & Entries  1.07936e+08
> . M 1223
- E 10° =3 sﬂﬂ 20.61
‘:_.. |-~
= =4
= ‘:}\ Ingot 68: |20 ppb "K
3 10k %
C = T 'ﬁ*
% I %E‘w\ #
[ i

10"

—
o
r
|

II]I |II

I BT e T e e




K.Fushimi et al., PTEP 2021 043F01
arXiv:2112.10116 (TAUP2021 Proc.)
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Low energy data (K.Kotera TAUP2023)
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—— BG of 0 day-5.39 day
—+— After 42.31 days

— Energy region  BG rate  Upper limit of BG error

- [keVee] [day kg~ 'keV~]

— (2, 6] 3.42 +0.35 0.94

i [2,4] 5.12 4 0.73 0.94

i [4, 6] 1.73 + 0.63 0.80
K.Kotera et al., arXiv:ZBO‘I. | 394 | v

= Submitted to PTEP.

: IIIfII}*

i et §

7 ks LRI TR, ]

Ik e i i

- L1 II I T T ! II. ! II II L1 I | I

0 20 40 60

T80 100 140
Electron equivalent energy [keVee]-




K.Kotera et al., arXiv:2309.1394 | v
Submitted to PTEP.

oy gy \

_— ot k
|1(|.3 kg)b\’) mn”]'n I

E PICOLON (This work)
VetoZg L £ 10740

3

E 10—-42
N Il N o

[1}]

Iz,

=

= 10

= Neutrino BG

= 1048

10—5ﬂ ||T|||| | S Tl g | | ||]l||| | N Y ) A

109 10! 107 103
WIMP Mass m, [GeV/c?]

2023%10A6H MUEHK €£3I+-—



= I - i . T
' ; A ' | o
r ) .
N 1 © - | !

W 4 e : -~ 2
o) "E€-1221Tal’Z- B B 1aT~T~147L Y ’
P w2} ".':(...’ na ViJacerl v aioiy

/:,

Detector system for Doubl)e beta decay: : CANDLE\S ITI
> Main detector : CaFy/scintillator — *
: | « light censer

. v -
.

. l. " - ; »
- \ /. -
» - y \"‘, ' Al
4

Inside photo of CANDI!ES L i " X

3 ot Vo 5 ! ! 3 \
. g 5 : ] 3 \

-C},aF-.Z—sbi"ntl.i"l; !at&» rs

O, -
,n‘-\ by ~ 1
| A .

.|

52



Double beta decay of 48Ca

Natural abundance vs Qg

Why 48Ca ? : advantage of 43Ca

. 5S¢ € 2087
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B 208T| =
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Double beta decay of 43Ca by using CaF, % &*
- CANDLES system 155
- CANDLES III : current detector system Natural abundance(%)

o Enrichment + scintillating bolometer : for next system
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CANDLES III

CaF, scintillator (CaF, (pure))
o 305kg (96modules X 3.2kg)

o 48Ca : 3509

Liquid scintillator (LS)
o &4 1 active shield(2m3)
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62 Large photomultiplier tube

I |
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Shielding system
- Pb: 10-12cm
> B,C sheet : 5bmm

=

=== CANDLES tank(stainless steel)
m— PDb (y-ray shield)
- B sheet(neutron shield)




S.Ajimura et al., Phys. Rev. D 103, 092008 (202 1)
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