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33 emitters with Qgz >2 Mev

Transition Qss (keV)  Abundance (%) (*2Th = 100)

Wopy 110 g 2013 12

©Ge —'° Se 2040 8
1245, 124 T, 2288 6
136 X 136 B, 2479 9
130T 130 Xe 2533 34
116 g 116 5y 2802 7

826, 82 Kp 2095 g
100010 —190 Ry 3034 10

unitésrarbitrairars

[T1/20V(0+ _>O+)]_l :GOV(EO’Z) I MOV I 2<mv>2 /me2
T, ,~a(Mt/AE - B)1/2 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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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 10m
coverage 20” PMT including 1.7ton =kG

Zirconium loaded 113 tons LS in @D OvPBpERDEA

fiducial volume. (Total vol. : 180 @ BHOEREFZIZKAE BT
tons) ITHIERODAEMEZINZS
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Zr(iPrac), B8RS -RIAL O FL—4

> 70g/L of Zirconium could be solved in anisole.
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Conceptual design of ZICOS detector 107 |=r (a) Period-2  __ Data __tomy
S — Total UL T+ "Bi
b 3 -——Total +17Po+ K+ K
inner balloon TS JI0E (0vpp UL = IB/External]
. 2 - — "¥e 2vBp —-- Spallation
total volume : 180ton R e E_: e Ovpp
fiducial vgl. : 113ton % = {(90% C.L.UL.)
2om 2 10F
- Zr(iprac), 10wt.% - -
PPO 5wt.% -
in Anisole 1 E - i
pure water et ’ [
10 [ T T R T N N 1

(3 20" PMD with QE~0.4 and TTS <lns @ Ipe Visible Energy (MeV)

Total PMT : 650 Photo coverage : 64%

Scintillation (energy) + Cherenkov (BG reduction) N EM 03 1/2 > 9 1 X 1 02 1 yI’S

9%7Zr . 45kg (nat.) — 865kg(50% enrich)—1/20 BG

Ty, > 4 X 10%° yrs — 2 x 10%°yrs — ~1 x 10?7yrs
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Reconstructed vertex
9)Y

Balloon or

surface of g

detector
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average angle with respect to average direction : -
Average direction
=3d

/2degree

— 1 electron e

vertex located within
fiducial volume

A Average
di/ o angle= X 0,
\ Nhit

0 0 2 2 s =
0 10 20 30 40 B0 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.
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“%°T1 beta-gamma multi events sample averaged angle with 1espect to averaged direction
Slmulated by EGS5 @ 160 ,_-I. LI I ) I LI ) ! L l llllllllllllllllllllllll
4 : Slmulated by EGSS
400 5 o ) i DBD )
00 EIN T 140 [ - i 0 -
S £ | e m i /8% :
100 5 % 120 - vertex located within "~ 3 . o
§$ ] . o - fiducial volume E E re m al n
100 5 % 100 |- ¢ -
=
=
-
Z

-200

200 450

-400 400

Vertex position
Double beta decay event sample

Simulated by EGS5

400 -
300 FTK o

200 77 W NS
100 - 5

. > 0 10 20 30 40 50 60 70 80 90
JE £ P - averaged angle [degree]
' ' S

Topological information from
PMT position which received
VNN E ks Rasail=lclI @ Cherenkov lights could be
0OvBB sianal used for the reduction of
208TIl BG event.

0
Vertex position **,, e

: 200
200 400
-400
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&5 Lflash-ADC

® 7 A(>:25x106
® TT7S:0.37ns L
® L E/fE: 0.7ns

® 10 bit 2 GS/s (interleaved)
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arbital scale

Averaged pulse shape with 0.5ns bins

« Measured by V1751

 Seintilation ight with DES mode (2GS/s)

 Decay time of
scintillation : 4.57ns and

+ Cehrenkov light

38.38ns
e Rise time of scintillation
ights : 1.45ns
1, » Rise time of Cherenkov
+++++++++++ .
ight : 0.75ns

75 80
FADC time [ns]

It should be possible to discriminate using pulse

shape for selection of PMTs whether including
Cherenkov light or not.
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® Refractive index of anisole : n=1.518

® Cherenkov angle is determined by
cos6= 1/nf3

® Cherenkov threshold : 3>0.659
corresponds to E,;, > 197keV.

® Cherenkov light should be measured.
(350nm — 550nm : 150-200 photon/MeV )

Ao
di\r ) ' - d/\
— = 27mz"asin” 6, = 47522 sin? Qcplmtnn/ cm
| L)

da )

c.f. Light yield of Scintillation : ~12000photon/MeV
Cherenkov light = 1~2% of scintillation light

202056 H3H
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2"PMT 7 AR A T HIE 2= (F1%~35cm)

» 6.5kg Zr(iPrac), ~80gM°Zr(BAFELE)

« BIFOKIVOFER? /
. %70 2BPOERE 17 DBEIE /
o 96571 OvBRDER A TRRIED E$h

¢ BZrMDEHE—CANDLESDHE ?
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2"PMT 7 AR A T HIE 2= (F1%~35cm)

» 6.5kg Zr(iPrac), ~80gM°Zr(BAFELE)

« BIFOKIVOFER? /
. %70 2BPOERE 17 DBEIE /
o 96571 OvBRDER A TRRIED E$h

¢ BZrMDEHE—CANDLESDHE ?
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2"PMT 7 AR A T HIE 2= (F1%~35cm)

» 6.5kg Zr(iPrac), ~80gM°Zr(BAFELE)

« BIFOKIVOFER? /
. %70 2BPOERE 17 DBEIE /
o 96571 OvBRDER A TRRIED E$h
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e HUNI-ZICOSIZEAEH AN
HUNI-ZICOS

1 electron

arbitary scale

Pb block

Total PMT: 32

™

. ON0 " ]
Photo coverage : 60% Hamamatsu : ]
10 20 30 40 50 60 70 80 9

on the hemisphere 3/8” PMT H3164-12 averaged angle [deg]
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2"PMT 7 AR A T HIE 2= (F1%~35cm)

» 6.5kg Zr(iPrac), ~80gM°Zr(BAFELE)

« BIFOKIVOFER? /
. %70 2BPOERE 17 DBEIE /
o 96571 OvBRDER A TRRIED E$h

¢ BZrMDEHE—CANDLESDHE ?
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e UNI-ZICOSIZKABYERDF A DMz AlE

%°Co B source
UNI-ZICOS Al plate (t=0.03cm)

Chimney

1.48MeV

'...‘

N \\\

Photo coverage : 60%

itary scale

arb

Hamamatsu

| on the spherical detector /8 PMT H3164-12 0'- TR T 50_ '-60 e 50

averaged angle [deg]
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e 2PMT7HRIATHIESS (F#%~25cm)
e 6.5kg Zr(iPrac), ~30g0)962r( RFFTELL)
o 9Zr2vBPMERA T, DRI (2.1x10%)

° 96Zf OVBB@EE,/E“ /Z-FBEHEO)E%&

o BETFEDKZAVIEH? (EESMLGLY)
o 962r0),JEﬁ"1§—>CANDLESGD73'/£”
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Measured at several conditions of PPO concentration

Co
ot
=

——4—— PPO 0.5 wt.%

..... + PPO 15 wi%
..... ¢ PPO 4.8 wt.%
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Energy resolution at 1.03MeV electron [%]
&
=]

—
-
[av]
13
]
]
o
[ ]
e
=
o]
el
=
¥
i
wm
Q
=)
)
o
Sed
=
—_
jub]
.=
>y
42
=
ol]
]
—
jan)
-
-
i}
o]
—_
o]
=

]

=

L e PRI S BT SR
8.0 . 4.0 6.0 8.0 10.0
concentration [wt.%] concentration [wt.%]

48.7x7.1% 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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208T| (3.053 m)

5(+) 0.0

A f— decay 10000 %

Qp = 4.9940

¥s 718

i

Yz
¥y 3

208Ph(stable)

The vertex position reconstructed
by scintillation might be within
fiducial volume due to gammas.
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Radiations

v(i)
(Bg-s)”

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

2.27x10%
3.09<107%
6.30<10%
2.45%10%
2.18x107!

beta- 13

48710

ce-K, gamma 3
gamma 4

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

ce-K. gamima 6
ce-L. gamma 6

4.04-107%
6.31x10%
2.84x107%
4.87+10%
2.26%10°!
1.97<10%
3.32<10%

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™%
1.24%10°
2.80x107%
3.97<10%

gamma 25

/

9.92x107!
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number of beta rays/disintegration

T - T T T T * T . T »
0o 04 H 12 1.6 2.0 24
Energy (Mev)

}ﬁifgled by Possible to measure

Scintillator pulse shape using high

or

: B ol statistics electrons for
/" Cherenkov light.
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« 242F  650AX100X1075 F =65(&F /

(A~AJEE)
o« 204/2F 650ARX60AH=4EH

@ Ak (M ERALHERO +ILF <10#
@ 12tonMDZr(iPrac),D &R FIEFE
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