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Discrimination of signal and BG
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average angle with respect to average direction - .
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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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BG reduction using topological information
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Topological information from
PMT position which received
AN ElRe) Bad IN=ICH=TaleR Cherenkov lights could be
Ovpp signal used for reduction of 298T| BG.
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HUNI-ZICOS

Pb shield
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La-GPS
Pb block 1.836MeV scintillator

average angle with respect to average direction
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Total PMT: 26

66 -

Number of events/Zdegre

Photo coverage : 60% Hamamatsu ol

on the hemisphere 3/8” PMT H3164-12
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Sensitivity: 400K
Dynode type : Line focus/8dynode
Applied voltage: 1250V

Gain:1.0 X 10° Dark current: 50nA
Time characteristics:0.5ns(TTS) 0.8n
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Hemisphere flask and PMT mounting jig for
HUNI-ZICOS

® Some extensions for PMT hole.
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Mouniting PMTs on jig for hemisphere flask
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® Total 26 H3164-12 PMTs were used for HUNI-ZICO&:
® No PMT at center of hexagon location.
® Light shield was necessary for Nylon.
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Setting hemisphere flask to jig and locate
on supporting s’roc!

\ | T— i o = ¥ y
o A ’
i
b F 4
-
. 4 e 7
I

pinched by clamp.
® Entered gamma was scattered at center position 6f jig (not
hemisphere flask).
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Cable connection 1o FADC and HV

LeCroy 1182 ADC [ ¥| -
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Need V1751 8ch due to lager thickness!
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SOt «  Sampling frequency of
V1742 was set as
5GS/s (fastest mode)

« Sampling frequency of
V1751 was set as

. 1GS/s due to 8ch

el  read.(No DES mode)

LN o \/\gveform of same
Cherenkov pulse was
completely same sh

* Detailed pulse str
analysis is avalil
using V1742,
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Measurement of averaged angle using 7°Sr
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ement of averaged angle using 7°Sr
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Observed averaged angle
seems to be clustered
around expected value.
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l structure In
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Need more
check.

No cluster
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event) wa Y
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1.836MeVy « Compton scattering
with fixed direction
generate fixed
direction and fixed
energy electron.
. Cherenkov « Compton angle 100
) lieht degree correspon
Lo Jl to352keVyand
1.484MeV ele
« Cherenkov
HUNI-ZOCOS 47 degre

352keV compton

scattering vy

els
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H3164-12
I S Fast TRG

16PMTs |

Fast TRG

LaCroy
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CI GPS scintillator
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No.of events in 300sec

background _

It is difficult to take all
triggers due to V1742

access speed.

Threshold was set

around 200keV.
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Data taking is going on.
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Total 26 3/8” photo
V1742 digitizer and AG7030SN H
PMT supporting jig was designed by truncated icosa
and produced by 3D printer using Nylon.

Prepared MCX cable had a thicker socket than pitch of

V1742 input channel. Only half of PMT was connected.
Measurement of averaged angle using °°Sr was done and
obtained value looks expected value. Need careful checl;./

Measurement of averaged angle using fixed direction an
fixed energy using®Y is going on.
from

We will confirm that averaged angle of Cherenkov i
~1MeV electron should be around 47 degree soon
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Randam hit Entries
Mean
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Conceptual design of ZICOS detector

Conceptual design of ZICOS detector 10 IE_ (a) Period-2  __ Data __Momy
S — Total 18 1, T s TR
_____ 3 [ -——Total +Po+ PR+ K
inner balloon 77 ___e==TT 7T JI0E (0vBB U.LY_——- IB/External|
] . = - — "¥e 2vBp —-- Spallation
* total volujne : 180ton E 1P 5 T OvBp
. :l E ':
fiducial v¢l. : 113ton = = {(00% C.L.U.L)
& -
...... 2 10g
. Zr(iprac), 10wt.% = E .
PPO 5wt.% | -
pure water et - E
1 1 La” I Y R

(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 E M 03 1/2 > 9 1 X 1 02 1 yrS

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

Ty, > 4 x 10%° yrs — 2 X 102°yrs — ~1 x 1027yrs
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33 emitters with Qgz >2 Mev

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

Wopy 110 ¢y 2013 12
0 Ge —'° Se 2040

124G, 124 To 2288

136 xp 136 By 2479

130T, 130 X, 2533

1164 116 Gy 2802
826, .82 Kp 2005

unitésrarbitrairars

[T, =Gy, (Eo.Z) | Mg, | 2<mgg>2 /m 2

T, ,~a(Mt/AE - B)'/2 a: abundance  M: target mass

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

Requirement : Low BG, Large target mass, Good E-resolution
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Flash ADC V1742 and PMT HV system
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LICOS experiment for neutrinoless double
peta decay using 7éZr

Liquid Scintillator:
(1) 10 wt.% Zr(iprac), loaded in
Liquid Scintillator
(2) 3~4% 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  Purpose:
o v

Zirconium loaded 113 tons LS in D Direct measuremeny

fiducial volume. (Total vol. : 180 @ Confirm parametet of nuclear
tons) matrix elementmodel
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Liguid Scintillator solving Zr(iPrac),

> 70g/L of Zirconium could be solved in anisole.
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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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Averaged pulse shape with 0.5ns bins ° PUISe Shape Of QOSr US|ng

H2431-50 measured by

V1751 with DES mode

(2GS/s)

* Decay time of scintillation :
4.57ns and 8.38ns

* Rise time of scintillation :

1.45ns
el * Rise time of Cherenkov/

FADC time [ns] 0.75ns
Use the charge ratio Q;,o/Qi.1- HeEre, Q;meis FADC

arbital scale

-; Scintillation light

~\~ Cehrenkov light

value in each time, and Q,,is sum of FADC value
between 55ns and 80ns.
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» Direct measurement using By events by UNI-ZICOS

UNI-ZICOS

“°Co B source

/ /Al plate (t=0.03cm)

Chimney

S1 APD

2 Co _
5972 yr 0.31Mev B~ 99.88% o
: s NI
1 7 1.1732Mev
60* .
s NI

A8Mev 7 0.12%
Total PMT: 48 %

¥ 1.3325Mev
. 0
Photo coverage : 60% Hamamatsu

ani
on the spherical detector 3/8” PMT H2164-12
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 First physics program to measure T2, for %Zr

21C0O5-1 -20cm diameter flask
using Ultra-pure quartz
BN\ / and 30 low BG 2" PMT
R3378-50 (R2083)
- Synthesis Zr(iPrac),
300g which corresponds

to 9Zr isotope1g
O/

- According to NEM
loka mine

Chimney

\ result, expect 200
Photo coverage : 50% eventS/yea r

: Hamamatsu
on the spherical detector _ . :
I - Location: Ka

SRSy a———" - )V (8 g[=To |
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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=0.972 and Cherenkov angel 6=47.3
degree are expected.

® Cherenkov light should be measured.
(400nm — 600nm : 100 photon/MeV )

9

- =. ‘ 47527 sin® 6.photon /cm
c.f. Light yield of Scintillation : ~12000photon/M

Cherenkov light = 1~2% of scintillation light

202143R138 30
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