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33 emitters with Qzz >2 Mev

Transition Qss (keV)  Abundance (%) (32Th = 100)

Wopy 110 g 2013 12
6 Ge —7° Se 2040 8

124G, 124 T, 2288 6
136 X 136 B, 2479 9
1307, 130 xo 2533 34
116y 116 gy 2802 7
0

unitdrarbitrairar

[T,,,°(0* ->0)]* =G, (Eg,2) | Mg, | °<m,>* /m,*
T, o,~a(Mt/AE - B)Y/? a: abundance M: target mass

t: measuring time AE: energy resolution B: BG rate

Requirement : Low BG, Large target mass, High E-resolution
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EN—FRER

Liquid Scintillator:
(1) 10 wt.% Zr(iprac), loaded in
anisole
(2) 2.5% at 3.35MeV of energy
resolution with 64% photo
coverage and long attenuation
length.

Inner detector with ~64% photo
coverage 20" PMT including 1.7ton

Zirconium loaded 113 tons LS in
fiducial volume. (Total vol. : 180
tons)
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Zr(iPrac), 8RS -RE VO FL—4

> 70g/L of Zirconium could be solved in anisole.

HFMEE T OCREANT FHOELEMEDEL IEEHFESR 20194 8R24H




Measured at several conditions of PPO concentration

Co
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—— PPO 0.5 wt.%

..... - PPO 1.5 wt.%
o S PPO 4.8 wt.%
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Energy resolution at 1.03MeV electron [%]
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R e N S SRS TR
. 4.0 6.0 8.0 10.0
concentration [wt.%] concentration [wt.%]

48.7=x7.1% light yield to 13.0+2.0%

standard cocktail was V(64%/9.2%)X(3.35MeV/1.03MeV)

obtained at 10wt.% = 2.7+0.4% at 3.35MeV
concentration.
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ZICOSEHEDa T YAy

Conceptual design of ZICOS detector 10 |=r (a) Period-2  —— Data LMy
S — Total U+ Th+ " Bi
1 -—— Total +Po K e K
inner balloon P Tt 107 g (vBR LI i ——-- IBfExwrnall
- - } E ¥ . o e law -
. e - — "™¥e 2vBp  —-- Spallation
total volujme : 180ton *, 5 107 & E_: P OvBf
fiducial vgl. : 113ton = = (90% C.L. UL
& -
25 R
- Zr(iprac), 10wt.% - -
PPO 5wt.% -
in Anisole [ E o i
pure water et : -
10 L= { [T T N i 1 : 1
0:| 20" PMD with QE~0.4 and TTS <Ins @ Ipe Visible Energy (MeV)

Total PMT : 650 Photo coverage : 64%

Scintillation (energy) + Cherenkov (BG reduction) N EMOS 1/2 > 9 1 X 1 02 1 yrS

9%Zr . 45kg (nat.) — 865kg(50% enrich)—1/20 BG

Ty, > 4 x 10%° yrs — 2 X 10%°yrs — ~1 X 1027yrs
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2087 (3.053 m)
S0+ 0.0

W F— decay 10000 %

Qﬁ_ = 4.9940

¥z Y18

i

Y1z
¥y 3

The vertex reconstructed by
scintillation make it within
fiducial volume due to mis-
fitting of gammas.

FEEMERI T ALREANT FTEHORERLMEDE L MRS

Radiations

y(1)
(Bg-s)"

beta- 5
beta- 8
beta- 10
beta- 11
beta- 12

2.27<107%
3.09x10™
6.30x10™"
2.45x10™"
2.18x10

beta- 13

48710

ce-K, gamma 3
gamma 4

ce-K, gamma 4
ce-L, gamma 4
gamma 6

ce-K, gamma 6
ce-L. gamma 6

4.04x10
6.31x107
2.84x10
4.87<107%
2.26x10™"
1.97x107?
3.32x10™"

gamma 7

8.45<10"" |

ce-K, gamma 7
ce-L, gamma 7
gamma 13
gamma 15
ce-K, gamma 15
gamma 19

1.28=10""
3.51=10%
1.81x10%
1.24x107!
2.80%10
3.97x<10™"

gamma 25

9.92x107!

201948H24H




208T|E5 2 & DBDEZ

Reconstructed vertex
by

Balloon or

surface of y

detector
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average angle with respect to average direction : ;
Average direction
e =24

2degree

— 1 electron

vertex located within
fiducial volume

A a Average
d/ g angle= X 0,
\ Nhit

0 | L] -
0 10 20 30 40 50 60 70 80 90
average angle [degree]

Average angle with respect to averaged direcy
for single electron seems to have a peak at 48
degree which Is almost same as Cherenkov angle.

u
sy
o
)
&
=
=
.
=
o
rd
z

FLMAL T ASBERNT FHOELLNEOEIL 1HEEHIRS 20l 9



FEHAZAN-EREERDORE

“%°T1 beta-gamma multi events sample averaged angle with respect to averaged direction
Simulated by EGS5

L T e By RO
e oL 780
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Number of events/2degree

[@'s]
-]
T T

~400

Vertex position
Double beta decay event sample

Simulated by EGS5

|

-------- © BA8 & 60 70 80 90
3 O ERE R D (O averaged angle [degree]

3alb—iavit&bEIMeV
MDelectronM oI HF L

206T| 22 EE L - B4 PPl a A O
EZOPMTEYL/I8—Y ESARETRE

-200

-200
ago0 Vertex position

200
-200 400
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number of beta rays/disintegration

T
12

Energy (Mev)
Vial filled by _IEhl %}E ==

Vs DN—ERER
ffintillator §1E L,—C / -/ / l/

R 4 ~ Anisole AV EFILATID
/ * == Rz &R
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FADC counts

o2 1
-

=

=

[=]

o
% B0
=

DUOFL—avEDT
f& el (£6.5ns

FTL a7 D TR
[(X2.4ns (fast)&2.7ns
(slow)

] @ LIERIEL=a TRy
FADC tim fos] BF D EREIFIX Rk
- FxL2aATID KR IT
 scntuer FR-TRELIZVUT

J[ Cherenkov (slow) scaled b—&a)ﬁ'{:d);’ﬁi ﬁz 7
LHBICED
FIL2a7RIZEBDEE

J[ Scintillation

J[ Cherenkov (fast) scaled

73 Bl & DN B FE Rl HE

FLUEL TS RE\N S FHOERLNEDEIL 1FLHES 201948 248 12

85 90 95 100
FADC time [ns]



) PHHE

 6.5kg Zr(iPrac),

(2022~26
« 2’PMTT7ORZATHIER (5

L 1%~35cm

o« BRTFEMDKZHE]

o Zr 2vRRME A
o 9Zr OvBRDER A

o BZrMEHE—SCANDLESD AL ?

FEEMERI T ALREANT FTEHORERLMEDE L MRS

~80gMD°6Zr (B A 1F1E £E) /
?
TRRIEDE#
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) PHHE

 6.5kg Zr(iPrac),

(2022~26
« 2’PMTT7ORZATHIER (5

L 1%~35cm

o« BRTFEMDKZHE]

o Zr 2vRRME A
o 9Zr OvBRDER A

o BZrMEHE—SCANDLESD AL ?
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~80gMD°6Zr (B A 1F1E £E) /
?
TRRIEDE#
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/387
20¢9¢. 7. 32
P gt (200
- V=4 ¥
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) PHHE

 6.5kg Zr(iPrac),

(2022~26
« 2’PMTT7ORZATHIER (5

L 1%~35cm

o« BRTFEMDKZHE]

o Zr 2vRRME A
o 9Zr OvBRDER A

o BZrMEHE—SCANDLESD AL ?
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e« HUNI-ZICOSIZ KB FEHW AL DAITE

Pb shield

La-GPS

scintillator

Pb block

Total PMT: 32

Photo coverage : 60% Hamamatsu

on the hemisphere 3/8” PMT H3164-12
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A ETIE]

* 6.5kg Zr(iPrac),

(2022~26
2’PMT OS2 A 70| E S (EFE-35¢C

o« BRTFEMDKZHE]

o 967y 2vBRMDER A
o 967y OvBRDER A

o BZrMEHE—SCANDLESD AL ?

FEEMERI T ALREANT FTEHORERLMEDE L MRS

~80gD*Zr (B ARFFIELE) /
?
0¥ 13 /
TRRIEDE#

201948H24H 18



UNI-ZICOSIZKABYERD FEH BT MZEAITE

UNI-ZICOS

%Co B source
1.48MeV B

1.3325MeV y
Si APD

60
5, Co
0.31Mev B~ 99.88%
5272 yr
1.48Mev B~ 0.12% % ¥ 1.1732Mev

Total PMT: 50
¥ 13325 Mev
Photo coverage : 60% Hamamatsu %

on the sphere detector 3/8” PMT H21684-12
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ﬂﬁﬂn+ﬁ(2022~26)
¢« 2 PMT7|:||~9»r7,ﬂllm%§(—i?i~25cm)
« 6.5kg Zr(iPrac), ~3090)96Zr( ARFFIELL)

o BZr2vBBDELAI TS, DBITE (2.1x10%) /
o« 9Zr OVRRDERA /Z‘FBEEO)E%J?

o BRIFDKAVOFER? (EESMLGLY)
o 957rM;EHE—CAN DLE80)77'/1'< ?
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%ﬁ%ﬁ*ﬁ(lmﬁ *zf
@ 6zrdi=HE (FEM)
@ 201 FPMTD &R (rise time<1ns)

(TTHI:.)

« 20/2F 6504X60HH=4{EF
@ ARSI EALIERO+ILF <10
@ 12tonMZr(iPrac), M &R HIEFE

¢« 242F 6504X100X105 M =65 './
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IRILF—fREEIL2. 7%@3. 35MeVEF1E

— & LUYPhoto coverage ClER T AL E

08ThDRBYVE=ERDIFRE

— FLaTdHDOLEE M RIERNAE

D PoFL—2a o EZHLEEPMTOLFILY
AT ZHL-PMTEIREH T =-OD KRR

BllsED RIS /
@ fLtE A= FEHR D E A
@ BYERZT AUV IERICL DB E

E S
HERNICTORATAERIC LM EERRBIRE
B iTRERRE (PMTERIE & iRHE) D %)
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