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PICOLON: Pure Inorganic Crystal Observatory for Low-energy Neut(ra)lino.
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) Ingot #85
(2020)

Crystal size  7.62¢ X 7.62 cm?
1| 232Th [uBq/kg] 0.3+ 0.5
| | 226Ra [uBq/kg] 1.0 + 0.4
___i 210Po [uBq/kg] <57
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Nal(ThD/\y T 750 KR

o EH/N\vIJI9 KR natK Th-chain, U-chain.

40K 1 28x10° year 210
Our target value K_1ap0ty Pb_223 year

10.7% - -\81%
natK (40K = 0.017 %) < 600 uBq/kg 4 —acy 210Bj 5. gay
Th-series(232Th) <16 uBq/kg AT
U-series Middle (?2Ra) < 120 pBg/kg 40K and 210Ph: 3E=H1HBGES 113
U-series Bottom(219Pb) <50 uBg/kg

DAMA: NIM A592 (2008) 297.
ANAIS,SABRE: Talk poster in TAUP2021.
COSINE: Talk poster in TAUP2021.
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DAMA COSINE ANAIS SABRE WCORON
Ingot#85  goal
natk [uBq/ke]| < 600 < 1060 545~1200 120 | <600 ! 600
232Th [uBq/kel| 2~31 2.5~35 ~4 08 103405 i 10
226Ra [uBq/ke]|8.7~124  11~451 ~10 5 . 1.0+0.4 ! 10
210Ph [uBq/kgl| 5~30  10~3000  740~3150 360 ! <57 i 50
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« Ingot #85 & Ingot #94 >ZNZNIRHIRZIERLTHI 4 D=L ALY A=)
Low BG PMT: R11065-20

Ingot#94 (crystal) Detector(#94) Shield (# 94)

1. 220N HDAQ trigger & £ FX.
2. 3DDFRIR(133Ba, 137Cs, 60Co) TIRJLF-EE.
3. WINBNYIIIIYRAIELE.

Shield (# 85
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TSN a-ray

o afRA NV OHH.

PSD Ratio for Electron equivalent energy. Energy spectrum after PSD.
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Ingot #94: 28.2596 day x 1.344 kg
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TSN a-ray

o afRA NV OHH.
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PSDIZXJ9 % BIE: Rpsp < 0.52.
« I xLF—EEICHTT HREIE: 1200~6000 keV,,
o KEFRIEICL BHEDEES:5.520.

PSD Ratio for Electron equivalent energy. Energy spectrum after PSD.
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Ingot #94: 28.2596 day x 1.344 kg
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TS ERAT AR TR -E(< 100 keV,,)

« Exx)LF¥—ig(s 100 keV,,) TIEPMTHEERD / 1 XIEFSHEA.
2220/ 4 XArEFEZFA.

e Single noise reduction:
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TSR ARIRILF (S 100 keV,,)

« PSDZAW/1ABRE
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noise reduction using PSD (new reduction method)
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BRANTHE R o -ray

e S5DMERMELE — 7 HHEER
- Energy Range [keVee

28Y(U) + 22Th(Th) 2210-2900 33+6
B Z4UU) + 2Th(Th) + 2*°Ra(U) 2950-3350 7249
C 28TH(Th) + 2*Rn*(U) + 2Po(V) 3380-3970 118+11
D 2Bpo(U) + 22Bi(Th) + 2**Rn*(U) + %°Rn(Th) 4000-4480 71+9
E 21epo(Th) 4690-5150 15+4
L ~_ Counts 3 o
 Concentration = — . = P B C el «Ep
LiveTimexIngotMass ; 3 A o L
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‘ Gi_
Thechain (2Th) 46412 <10 13
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3 keV,, U TDEF/AXIIDONT
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noise reduction using PSD
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FRMTHE R 2-6 keV . DN\YII 37

R

I hE132-6 kel |2

j— % BG/)EF—% |:|_|_

e B=D5.39 HRE(Real Time)D 57— X #{E .

e 3 keVee:/ A XA R kA%,
e 3DDIRINF—XMBTEHE

BGI=E (90 % C.L.)

Events/(day - kg - keV,,)

X [keV,,]

2~6 3.42x0.42
2~4 5.11+0.69
4~6 1.73%£0.59
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 Ingot#8H1 e . SMED Na|(T|)%DEIE|®'VEE\ZL:E\ZIj].

SR F EDHERMED R
DAMA/LIBRA Ingot #85 Ingot #94
(NIM A592 (2008) 297.) (2020) (This work)
Crystal size 10.2x10.2%x25.4 cm3 7.62¢ X 7.62 cm?3
232Th [uBq/kg] 2~31 0.3+ 0.5 46+ 1.2
226Ra [uBq/ke] 8.7~124 1.0+ 0.4 8.7+ 1.5
210Po [uBq/kg] 5~30 <57 28+5
+ Nal(MhfERmZzRAVWEERELFEREVERRE X DY AJHE

- BG Rate: #J 2 ~ 5 Events/(day - kg + keV,,) (90 % C.L., 4-6 keV,,)
XFd [keV, ] BGIEE (90 % C.L.)

Events/(day - kg - keV,,)

26 3.42 % 0.42 RSN E
24 5.11 +0.69
4~6 1.73+0.59

. ﬁ%%ﬂl‘g&ﬁ” hDOFERNy 77T KR PMT
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Purification of Nal

s BiER+AAUVKEBEEICL NNy T Ty RREOKRE

° EIEE%
1. 100 "CooNal (T8R0T & /ERL. _
2. 95 CURBLAY 5 LK) Ll Weipe \d
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Energy calibration

» Ingot #94 - -- :Calibration Boundary
Charge vs Energy

s  F ~
S 1400 . .
5 f A Spectrum After Energy Calibration
@ 1200_— o ) 2 —31.723 keV,,
. N T 8 10 -(_j‘r-sum Ve 302.853 ke,
1000— ’ - : F:ssa:on keVon
C ?’ \
800|— ” ? 6.4 KeVeo
B o 10 §
6001~ . 'E TR AR IR A T 11
400 i 5 661.66 keVeo
- v, :
L ',::" 10° ,f;
200/— LA 10 B e
L | | | | | m
G 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1
0 200 400 600 800 ng%%[pc] , 'E 3 | AR ARERTERNTY TR T
8 10t
Low Energy (<100 keV peaks): . r“?ﬁ‘fg},@g v
ELow= poQ = 1.16200Q '02 i
pe = 1.1620 + 0.0005 [keV/pC] off
1 0 T\_ 500 - 7000 1
Energy Calibration boundary:90.804 keV.. Electron equivalent energy [keV,,]

High Energy (=100 keV peaks):
Eyi = poQ + p; = 1.3318Q — 13.3
po = 1.3318 £ 0.0008 [keV/pc]
{pl =—-133+0.4 [keV]
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DAQ

« Both signals of two detectors make a DAQ trigger.

B

Ingot #94

o MoGura Lo :
M ch.1 R ; ! : G.G.

Logic l
Fanin/Fanout
Gate.
[: (Trigger)
Ingot #85
Linear Fanin/Fanout PM AMP Discriminator
. . . MoGURA
Linear Signal input _
» 29 | P Waveform
Ingot #94: ch.0 | _
Ingot #85: ch.1 H £ ’ v
M
D G .
M C A Trigger E
L
[cacl
’_ DAC
A
A
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PSD ability

PSD for energy :::PSD(all range)
gg 09 : i mg;
e ! 102 =7
?D 0.8 : 733
© g7 | 15
0.6E : 1e PSD for [1 200, 6000] keVee
,,,,,,, ! PSD: 0.52 10 ]
0.5 2i ER 2 r r|riesPSD
b | QB N 3 NG
! (signal events) ) 5 StdDev  0.03118
03 1 = 120
0.2 : ! ¥ 100:—
1 — L
0.1 s L
| Locbeedben b ben ben by 80[— B;V
% 2000 3000 4000 5000 6000 7000 8000 g§ § 8 & g & B -
. Electron equi Ialenl energy [keV,_] sangy 80;
, energy spectrum | a0 a
EID‘ ! r
e X 20
2 1 E
510’ o €nergy range > X B ¥ SOk N R "'o,s"'b!f”b;i”:%s‘“;(;H
" [1200,6000] B
1
1

PSD threshold
for a-events
(=0.52)

: 1000 2000 3000 4000 5000 6000 7000
Electron equivalent energy [keV_]
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PSD ability

% Z EntriesPSD 2420
8 1a0l- ven 011 Obtained parameters:
ol o, = 0.013534
- Lo = 0.478197
10F ugy = 0.552893
80—
ol Therefore, PSD ability is
of-
- Ap _ |ta — gy |
K B B S (7 S-Sk A Y-S (T R
E Roso = Gparl Qi B 10.478197 — 0.552893 |
= B 0.013534
PSD threshold
For a-events — 5524

(=0.52)
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Data Analysis(Low Energy region)

« PSD Noise reduction.

Changes in 69Co spectrum due to cut conditions Changes in BG spectrum due to cut conditions
910° £ ~10% &
=) = uncut >810 = ——— uncut
2 £ e PSD Threshold=0.58 T F PSD Threshold=0.58
.2 =] e PSD Threshold=0.64 . L PSD Threshold=0.64
8 - 1 1 | -e-e- PSD _Threshold=0.67 2 - PSD Threshold=0.67
o = non-linear=-exp(-0.25E.,-0.6)+0.61 : 10 non-linear=-exp(-0.25E,-0.6)+0.61
(] =
3 Z -
10% |= 2 [
- c L
[}
- 0 B
- m
- 1:_
10 B
N 107"
1—_||_|||||||||||||||||||||||||||||||||||| 10_2||||||||||||||\|||||||||||||\|||||||||
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Electron equivalent energy [keV,] Electron equivalent energy [keV,]

We set the PSD reduction threshold to 0.64.
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Background

« The evidence for our present Nal(TI) contains no 4°K.

« |Ingot #68 is a clear excess due to the beta-ray from 40K

Analysis
2 _ by Hirata & Takemoto
ek 3 — Ingot68 (Resin)
5 B — | t71 (Re- tallizati
: - M\'\t 40K ngot71 (Re-crystallization)
2 10 \ Ingot68 Ingot71
s f ',/«41 K (ppb) ~120  ~20
e %ﬂm 22Th(ppt) ~ 2.140.6 1.7+0.2
= +
- T | ‘ 238U (ppt) 4.6+05 9.7+0.8
107 \ ‘ || mPb(mBa/kg)  ~7500  ~1100
- k ”” k ‘ | | Events/(day-kg-keV) ~10 ~2
102 Lo b b b v lag H‘ M\m ‘\nn\nuun 11 il |n‘ ‘un‘“ Hun |||“||" “

0] 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Energy (keV)
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Dark Matter Experiments in the World

10°

NEWS-G (2017) 1072

« XenonlT experiment
« Target: 1-ton liquid Xe
« The most sensitive detector in the world.

0 CDMSLite (2018) DAMIC (2020) 104

-
N

DarkSide-50 (2018) 10°°

-
<

XENON1T (2019)

SI WIMP-nucleon cross section [cm?]
SI WIMP-nucleoncross section [pb]

...__most sensitive! o
«  DAMA/LIBRA experiment ? e s cev) ?
« Target: 250 kg Nal(TI) o Theor B Phye- 025, 0801 (022)
« They report unknown annual modulation (11.9¢0 C.L. !I)
2-6 keV

% 0.08 ¢ ! ! DAMAILIBRA pli asel (IMthnxy ' ‘ ‘ DAMA/L]BRA-phaseZ(l.ISFuan ) '——>

%l! 0.04 } 3 \ \ ) H 1 i | |

S oo L 3 ; ‘ I : :

B ﬁiw ﬁ%« A A i Wﬁﬂ P2\

$ oo P10 \%“f idhikdh ek ik ik dhdl

& 004 |- ! : : : ' ! ! : : : | : ;

Time (day)

NUCL. PHYS. AT. ENERGY 19 (2018) 307-325

« COSINE & ANAIS experiments
« Direct verification of DAMA/LIBRA.
 They ruled out the possibility of annual modulation.
« BG of Nal(TI) crystals is high and direct verification is insufficient.
« annual modulation with opposite phase.(arXiv:2208.05158)
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Dark Matter

« Dark Matter (DM)

« 20% of the total mass energy comes from DM.
« It cannot be observed optically.

« Cold Dark Matter(CDM, e.g. WIMP and Axion) is the main component of DM.

Uenssssssssssssnsnsssssnnnnnnnanannnnnnnnnnnd S nssssssssssEsEsEssssEsnsssanananannd

Dark matter [ R —— S —
\ “““ ; HDM S Neutrino
Non-baryonic K i
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