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33 emitters with Qgz =2 Mev

Transition Qss (keV) Abundance (%) (***7h = 100)

Wpy 110 cg 2013 12
6 Ge —'® Se 2040

1246, 124 To 2288

136 X 136 B 2479

130T, 130 X 2533

1164 116 Gp 2802
8260 82 K 2995

unitdrarbimrairar

0.5
(TI + Tz )IQﬂB

[T1/20V(O+ _>O+)]_1 :GOV(EO’Z) I MOV I 2<mv>2 /me2
T, ,~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 energy

resolution
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ZICOS -Zirconium Complex in Liquid
Scintillator experiment for neutrinoless
e beta decay

Liquid scintillator :
(1) 10 wt.% Zr(iprac), and 5wt.%
PPO solved in PhOMe
(2) 3.5% at 3.35MeV of energy
resolution, if 40% photo
coverage of Photomultiplier

Inner detector with 40% photo

coverage 10” PMT including
Zirconium loaded 14.1 tons LS

BEARYEZSE F71IRFERARS 201643H22H



1) Zr enrichment
58.5% enrichment of °°Zr (e.g. 57.3% for NEMO-3)
then °°Zr will be 126kg (0.56 times 13¢Xe 320kg)

T,,%¥>1.9 x10%y ;<m>< 0.16 — 0.3 eV (QRPA)

2) Lowering BG rate
l.e. <1/30 X KL-Zen

T,,%>1.0 X10%y ;

<m,> < 0.04 — 0.09eV

3

Visible Energy (MeV)
BAYMEZS H7IEERKS / 201643 A22H



ZICOS proto-type detector

Hamamatsu

25" PMT
chemny l

J

“ anisole + Zr(acac), s,
L3
4.8L

190mm

Zr(iprac), 10wt.%
PPO Hwt.%
POPOP 0.05wt.%

in anisole

Total PMT: 52
Photo coverage : 40%

Scintillation (energy) + Cherenkov (BG reduction)

BAYEZS F71IRFRXRKRE

Performance :

Energy resolution
BG reduction study
using Cherenkov light

Physics goal :

%Zr : 10g (same as

NEMO-3) using natural
abundance Zirconium
T.1,(0vBR)>1.0x1
years, if no BG w
found in 200 d&¥s.
NEERIEINE

20165 3A22H 5



® Refractive index of anisole : n=1.518
® Cherenkov angle is determined by
cos6= 1/np
® Assuming 1.65MeV electron, then
3=0.951 and Cherenkov angel 6=46.2
degree are expected.
® Cherenkov light should be measured.
(400nm — 600nm : 100 photon/I\/IeV) /
AN |

da

Cherenkov light = 1~2% of scintillation light

BEARYEZSE F71IRFERARS 20164%3H22H 6



lght =\/\
1 46deg ¥ LS

Electron (~1MeV) ] + """ —|—|— """""""""
Comparison of light yields
between SC-37 filter off and on
for anisole only LS using back
scattering method.

BAYEZS F71IRFRXRKRE
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Light yield of Cherenkov lights (1)

number of observed events

number of observed events

SR B B L L R BRI ELRLRL L BRI
- SC-37 filter off

£ (observed both Scintillation lights and

3 Cherenkov lights)

Data
Mean : 413.8

Sigma : 111.6 -
i 1+ BGData

_& Subtracted

]

h i N :
300 400 500 600 700 800 900 1000

ADC channel
i T e o o T o B ma S
E SC-37 filter on 3
- (observed only Cherenkov lights)
- Mean : 158.9 Data g
- Sigma : 44.7 3
- "l BG Data ]
3 _& Subtracted E
A H&q@ﬁh+ -
0 100 200 300 400 500 600 700 800 900 1000
ADC channel
= & == [ 4 ~

D—THYNTALF—(1)  SESEIRIX

4 5 jrg 700-

90% A7
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]

[V E=
|
|
|

Il

1
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e
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Comparison of light yield between the
case of Cherenkov light on and off

BEARYEZSE F71IRFERARS 20165%3A22H 9



leld of Cherenkov i

-30 degree Cherenkov light yield
R Scintillation light yield of std. LS

_347/0.18 L

~ 298/0.046/0.098 0.03
IS Consistent with previous
s wwd Tcasurement.

Mean : 298.
b ata
Subtracted

Cherenkov lights should have

3
NI
\

directionality. (not so bad!)

BAYEZS F71IRFRXRKRE 201643H22H 10



Separation of scintillation and Cherenkov lights using
tlmlng Shape C.Shaomin et al. arXiv:1511.09339

1580 1600 1620 1640 1660 1680 1700 1720
Time [ns]

Cherenkov has a faster peak than scintillation.

BEARYEZSE F71IRFERARS 20164%3H22H 11




Waveform measurement setu

=
= SR -

g [l e —

upas i
; o QTR

= >
- /== @ @ W

-CAEN V1721 8 channel 8bit 500MS/s FA /
-CAEN V2718 VME-PCI Optical Link Bridge

BAYEZS F71IRFRXRKRE 201643H22H 12



Stablility of material state

Feb. 27,2015  Mar. 14, 2016 /

Keep clear and transparent liquid /

and found no precipitate.

BAYEZS F71IRFRXRKRE 201643H22H 13



Zr(iprac)s 10.0wt.%
PPO 4.8wt.%

Mean 2033.4
Sigma 322.4

number of events

Mar. 14, 2016

2000 3000 4000 5000 6000
ADC channel

Zr@prac)s 10.0wt.%
PPO 4.8wt.%

Mean 2282.0
Sigma 295.9

number of events

Feb. 27, 2015

2000 3000 1000 5000 6000
ADC channel

BAYEZS F70RFERXKRE

Light Yield : -10.9%

Energy resolution : -2.9%

Slightly worse, but not by
same condition (no purg
temperature...)

2015%3H21H 14



confirmed to

» Separation of Cherenkov lights fr
will be tested by FADC time profile.

» ZICOS proto-type detector with 30cm diameter Is
actually planning and it will demonstrate an ability

of background reduction using Cherenkov light,
and try to get a limit of half-life for OvB up to 104

years.
» Zr(iprac), loaded liquid scintillator is almost st

for the material state and the performanc

BAYEZS F71IRFRXRKRE 201643H22H 15



BACKUP

BAYEZS F71IRFRXRKRE 201643H22H




Mean 4687.0

Standard cocktail +

it

Sigma 316.8

| P, Tt +++++++ H++Jr++

Number of Events

¥
5000 6000
ADC channel

arbitary scale

Anisole only
Mean 487.7
Sigma 192.8

Number of Events

5000 6000

ADC channel

wavelength[nm]

Relative scintillation light
yield of 1S 9.8% to
standard cocktail (due
difference of quantu
efficiency of PMT)

ARTBFEBE mamw

20155 9A27H 17
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Physical constants of Liquid Scintillator

Physical Constants of SGC Liquid Scintillators
Light Output  Wavelength of Maximum Decay

Scintillator % Anthracene? Emission, nm Constant, ns H:CRatio  Loading Element Density Flash Point °C
BC-501A 78 425 32! 1212 087 26

BC-505 80 425 25 1.331 0.877 48

BC-509 20 425 31 .0035 F 161 10

BC-517L 39 425 2 2.01 0.86 102

BC-517H 52 425 2 1.89 0.86 81

BC-517P 28 425 2.2 2.05 0.85 115

BC-5175 66 425 2 1.70 0.87 53

BC-519 60 425 4 1.73 0.87 63

BC-521 60 425 4 131 Gd (to 1%) 0.89 44

BC-523 65 425 3.7 1.74 Nat. *°B (5%) 0.916 -8

BC-523A 65 425 3.7 1.67 Enr. "B (5%) 0.916 -8 ’
BC-525 55 425 3.8 1.56 Gd (to 1%) 0.88 91 /
BC-531 59 425 3.5 1.63 0.87 93 ’
BC-533 51 425 3 1.96 0.80 65

BC-537 61 425 2.8 0.99 (D:C) ’H 0.954 -11
*Anthracene light output = 40-50% of Nal(Tl) ~ * Fast component; mean decay times of first 3 components = 3.16, 32.3 and 270 ns

/4

LY of Nal(Tl) : 4 X 10% photon/MeV LY of BC505 : 1.2 x 10 photon/MeV

BAYEZS F71IRFRXRKRE 201643H22H
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Strategy of background reduction

* Single radioactive BG and 2%8T| decay ¢
» Multi Cherenkov ring from 208T|

« [ (E>0.9MeV) and 2.6MeV y emit CL.

« 1.09MeV vy also emits CL. (3 ring)

« 0.51 MeV, 0.58MeV and 0.86 MeV y don’'t emit CL. (2

rng)
> Ultimate contamination /
« [ (E>0.9MeV) and 2.6MeV y with low energy ys.

Need consistency of total energy and vertex

position reconstructed by SL and CL.

BAYEZS F71IRFRXRKRE 201643H22H 21
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