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inner balloon

Conceptual design of ZICOS detector

-
. . O
total volume : 180ton “. ,'EI
fidueial vl. : 113ton E
-‘.}_:
=
T
""" :?
i Zr(iprac), 10wt.% =

PPO bwt.%

in Anisole
pure water N\ Tvsaoi_o.-=7T

0:| 207 PMD with QE~0.4 and TTS <lns @ 1pe

Total PMT : 650 Photo coverage : 64%

Scintillation (energy) + Cherenkov (BG reduction)
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Visible Encrgy (MeV)

Lr (a) Period-2  ___ Data i g g
e — Total T+ Th+ "Bi
i -—— Total + P+ PR+ YK
E (0vBB UL =—- IB/External|
- — "X 2vBp  —-- Spallation
L — "Xe WBp
= (90% C.L. UL}
E
4

NEMO3 : Ty, > 9.1 x 10% yrs

97r . 45kg (nat.) — 865kg(50% enrich)—1/20 BG

Ty, > 4 x 10%° yrs — 2 X 10%°yrs — ~1 x 1027yrs
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“°T1 beta-gamma multi events sample averaged angle with 1espect to averaged direction
Simulated by EGS5

2 160 — Slmulated by EGS5
el 780
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100 |- P ]
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Number of events/Z2degree
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-400

Vertex position
Double beta decay event sample

Simulated by EGS5
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Zi(iPrac), Z 8RS 7-Z2ICOSKE

> 70g/L of Zirconium could be solved in anisole.
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@ H2431-50

& 400K
FA/—FEBEIBES L(SA2T+—HR)I12E
ENANEE : 3000V

74> :2.5x 108 REER:100nA (H6410:
R4S 0.37ns(TTS) 0.7ns( Lk F )
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4[|l HLI-FADC digitizer

AAYBEZES 2020FEFERE

C
l
|-

| Mod. v17s9 [* "

Zero Length Encoding (DPP-ZLEplus
® Original 1

0.2 or 1 Vpp input dyna
16-bit programmable DC offset adjustme
Trigger Time stamps
Memory buffer: up to 14.4 MS/ch (28.8 MS/ch @2 GSI/s)
Programmable event size and pre-post trigger adjustment
Analog Sum/Majority and digital over/under threshold flags for
Global Trigger logic
Front panel clock In/Out available for multiboard synchronisation
(direct feed through or PLL based synthesis)
16 programmable LVDS I/Os
Optical Link interface (CAEN proprietary protocol)
VMEG64X compliant interface
A2818(PCl) / A3818 (PCle) Controller available for han
8/32 modules Daisy chained via Optical Lin
Firmware upgradeable via VME/Optical Link
Libraries, Demos (C and LabView) and Software tgels for Windows and
Linux

to
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http://www.caen.it/products/dpp-zleplus/

Averaged pulse shape with 0.5ns bins

 Pulse shape of ®°Sr using

H2431-50 measured by

V1751 with DES mode

-~ Cehrenkov light (2 GS /S)

* Decay time of scintillation :
4.57ns and 8.38ns

* Rise time of scintillation :

1.45ns /
e Rise time of Cherenkov

FADC time [ns] O : 7 5 ns

BART L Qiime/ Qi LN T LB EMNYIK A Z &R, Z 2

arbital scale

% Scintillation light

TQiime [T B HEEDFADCIE. Q1 l&t=55ns~80nsfH]
DFADCIED Y L
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8000 8000

10000
total

Liquid Scintillator
or Anisole

Light
Guide

Pb block

|

GOCO

!
|

__ H2431-50

60Co (1.17MeV/133MeV)
Ok ks 1.04MeV
137Cs (662keV)

OV T i 478keV
133Ba (356keV)

O Tkt 207keV
57Co (122keV)
FrL2aJBHE LR
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backscattering gamma coincidence measuremnt H2431- o 50 Light Liquid
} T Ty Scintillator
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Liquid Scintillator
or Anisole
Light

n!/
oo [l L o

. __ H2431-50

Pb block

1772/3606=49.1+1.4% for
random BG events
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Measurement of averaged angle by HUNI-ZICOS

HUNI-ZICOS

Pb shield

Pb block

Total PMT: 32

Photo coverage : 60% Hamamatsu

on the hemisphere 3/8” PMT H3164-12

warage angle |degrea)

AARMEZEE 2020FEMERS 20204 9H16H 13



* Direct reduction for By events by UNI-ZICOS

UNI-ZICOS
%Co B source

1.48MeV B

1.3325MeV y

S1 APD

60
-, Co

0.31Mev ™ 99.88%
5272

yr
1.48Mev 7 0.12% % ¥ 1.1732Mev

¥ 1.3325Mev

Photo coverage : 60% Hamamatsu

on the sphere detector 3/8” PMT 113164-12
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template waveform using background events
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Number of events
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Measured at several conditions of PPO concentration
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6.0 8.0 10.0
concentration [wt.%]|

5wt.% PPO helps again
the energy resolution
35% — 13%. at 10wt.%
of Zr(iprac),.

13.0%£2.0%
(64%/9.2%)X(3.35MeV/1.03MeV)

=2.7%£0.4% at 3.35MeV
with 64% photocoverage

V£
Almost achieveg g{al !
(not confirmed yet)
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Zr(iPrac), in several conditions of PPO concentration.

b PPOOS WY Light yield decreased
e as calculated formula.
However, PPO helps
actually the light yield
recovering.

48.7x7.1% light yield
to standard cocktall
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10wt.% concentration.
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® Refractive index of anisole : n=1.518
® Cherenkov angle is determined by
cosO= 1/np (FzL > aT7EE : 168keV)
® Assuming 1.65MeV electron, then
3=0.951 and Cherenkov angel 6=46.2
degree are expected.
® Cherenkov light should be measured.
(350nm — 550nm : 150-200 photon/MeV) /
dN 5 2

— 27z% v sin® 9
da

Cherenkov light = 1~2% of scintillation light

BAYEE S 2020EMEKXE 2020498168 23



B2 AN cZa—F ) /ZFREBELEW_EX—43H1E
ERIERFEER-ZICOSEER

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 Bl

Zirconium loaded 113 tons LS in @ OovppEZRDERAI

fiducial volume. (Total vol. : 180 @ HBHOBEFRICKLEHTE
tons) THERDAEEZIZS

BAYEFER 2020FEMFERE
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emission of Anisole
absorption of /% absorption of PPO

™
Zr(iPrac), : i " /
HE I i
i3 f A absorption of

L POPOP
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«

350 400 450
wavelength [nm]
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Absorption peaks of
Zr(iPrac), and PPO
found around at 278nm
and 310nm, respectively.

PPO may cover the

emission of Anisole, |
spite of absorption
Zr(IPrac),

20204E9H16H 25
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