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A5 emitters with Qgz =2 Mev

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

py 110 cy 2013 12
6 Ge —70 Se 2040

1246, 124 T 2288

136 Xo 136 B, 2479

1B0Te 130 Xe 2533

116Cd ___‘116 Sn
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(TI + Tz )IQﬂB

[T1/20v(0+ _>O+)]-1 :GOV(EO’Z) I MOV I 2<mv>2 /rne2
[T1/,]°~a(Mt/AE - B) 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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Zirconium Complex in Organic Liquid
Scintillator for neutrinoless double beta
OS) experiment

Goals for development of LS :

(1) high solubility

(2) 3.5% at 3.35MeV of energy
resolution, if ZICOS have PMTs
with 40% photo coverage and
long attenuation length (~10m)

Inner detector with 40% photo

coverage 10” PMT including
Zirconium loaded 14.1 tons LS
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Visible Energy (MeV)

|.Shimizu@Neutrino2014

OvpBp signal region for 2Zr
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eutrino mass sensitivity of ZICOS experiment

Results from NEMC
<m,> 7.2 -10.8 eV (gp=1.25,9,,
(Ref: M.B.Kauer Doctor thesis for UCL(2010

Assuming same energy resolution, BG rate and

measurement time as KamLAND-Zen
(T,,%V > 2.6 X10%°Y ) (Ref:1.Shimizu arXiv:1409.0077 (2014))

Mass : 14.1ton 10wt.% Zr(iprac), = 1.57ton
S Includes 216kg of Zirconiury
= 6.5kg of 96Zr

T,,% >4.4 x10%y « Not enough for Ovpp search
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1) Zr enrichment
58.5% enrichment of °°Zr (e.g. 57.3% for NEMO-3)
then °°Zr will be 126kg (0.56 times 3°Xe 320kg)

T,,%>1.9 xX10%y ;

<m,>< 0.16 — 0.3 eV (g,=1.25 g—1.11,QRPA)

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

T, >1.0 X10%y ;

<m,> < 0.04 — 0.09eV

Visible Ene y(M V)
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Measurement of backgrounds of LS
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Using subtracted # of events around 2.6MeV and 2. 2MeV

214Bj <4.9x10%%g/g 29Tl < 2.7x10%2 g/g

(38U < 6.4x10° g/g) (°3?Th < 7.4x107 g/g) (c.f. KL 10-16g/q)
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Background reduction

are =-°

Need ac
shape o
reduce t
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MeV/y 0.86 MeV

ditional technigue except energy spectral

ptained by scintillation light in order to
nose backgrounds efficiently. /

Can we use Cherenkov light for
background reduction ?
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® Refractive index of anisole : n=1.518

® Cherenkov angle is determined by
cos6= 1/nf3

® 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 )

9

. 2 v S 475z° Cill2 9,:])110’[.{:111 / cm
c.f. Light yield of Scintillation : ~12000photon/M -//

Cherenkov light = 1~2% of scintillation light
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N

Standard cocktail
Mean 4687.0
Sigma 316.8

A

Number of Events

B
5000 6000
ADC channel

arbitary scale

Anisole only
Mean 487.7
Sigma 192.8

Number of Events

5000 6000 , ”
ADC channel 25 S0 aa ‘ 00 50

wavelength[nm]

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

ARTUEHBE maMW:
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Comparison of light yields
between SC-37 filter off and on

for anisole LS using back
scattering method.
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Light yield of Cherenkov Ilghts
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ZICOS prototype detector

Hamamatsu

H6559

Zr(iprac), 10wt.%

PPO 5wt.%

POPOP 0.06wt.%
“’-., in anisole

Total PMT: 105
Photo coverage : 67.6%

Scintillation (energy) + Cherenkov (BG reduction)

BAYERS 201568MFEXS

Performance test :

Energy resolution
BG reduction study
using Cherenkov light

Physics goal :

%Zr : 129 (NEMO-3 :
10g) using natural
abundance Zirconium
Measure 2v half-lj

2015%9A27H
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Mean : 0.15

number of hits

sample event #1
O
O : Cherenkov hit
O : Scintillation hit

photon yield ratio
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number of photon in PMT
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Photon yield ratio between
Cherenkov light and
scintillation light is ~0.2.

It might be useful to identify
PMTs which receive
Cherenkov light, but can not

extract those PMTs among
the scintillation light by using
only this information.
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Emission time
 Cherenkov light : ~3ps
e Scintillation light : ~20ns

Using difference
of timing shape,

Scintillation

we can extract
PMTs received
Cherenkov light.

- Cherenkov
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KamLAND-Zen.

» Cherenkov light was observed and the light
yield is almost 1~2 % of scintillation light.

» ZICOS proto-type is now planning and it will

demonstrate not only good energy resolutio
but also establish the background reducti

method using Cherenkov light.
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