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Conceptual design of ZICOS detector

Conceptual design of ZICOS detector 10 |=r (a) Period-2  _ Data __nomp
S — Total UL T+ "Bi
T 3 ——Total +Po+ UK e K
inner balloon It B JI0E (0vBB UL} ——- IB/External|
RN = - — "¥e 2vBp —-- Spallation
total volujne : 180ton N E 107 E_: e Ovpp
fiducial vgl. : 113ton - = (90% CL.UL.)
T -
------ 2 10g
. Zr(iprac), 10wt.% = E .
PPO Bwt.% -
in Anisole 1 E -
pure water P - - - .
[ - .
1o 1 2 3 4

(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 T10/1f2 > 9 : 1 X 1 02 1 yrS

%Zr : 45 kg (nat.) — 865 kg(50 % enrich)—1/20 BG
Ty, > 4 x 10%° yrs — 2 X 102°yrs — ~1 x 10%7yrs
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detector for Zr-96 neutrinoless double beta decay experiment.




Discrimination of signal and BG

Reconstructed vertex
by Cherenkov light

Balloon or

surface of g

detector

Direct measurement of fopological information using HUNI-ZICOS detector for Zr-926
neutrinoless double beta decay experiment.

August 21,2022 3



JANVZ) rage direction averaged angle with respect to averaged direction
o ,,_1 : | R Simlate b EGS5]
=2 d DBD |

e~ b am | 78%

i ' M
vertex located within E'. E-. re m al n
P

fiducial volume

.,_.
o
o]

di/ o o
|L - 939%,

Averaged
angle= X 0. e T v R
g : 40 50 60 70 80 90

—— ‘) k
N h |t averaged angle [degree]

Topological information (averaged angle) of Cherenkov

lights could be used for reduction of 2%8T| backgrounds.

Direct measurement of topological information using HUNI-ZICOS detector for Zr-26 August 21,2022 4
neutrinoless double beta decay experiment.



Strategy to realize 2°8T| BG reduction using
Cherenkov lights

2. Confirm topology of Cherenkov ligf
* Directionality of Cherenkov lights
* Direct measurement of topological information

sources with topological information (average
angle) of Cherenkov light. (this autumn)

Averaged angle /
3. Demonstrate BG reduction using beta-gamma//

opological information using HUNI-ZICOS detector for Zr-926 August 21,2022 5
y nt.



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 :
4.57 ns and 8.38 ns

* Rise time of scintillation :

1.45 ns
e Rise time of Cherenkov ;

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

-~ Scintillation light

arbitary scale

~\~ Cehrenkov light

count in each time, and Q,,is sum count of FADC
between 55 ns and 80 ns.

Direct measurement of topological information using HUNI-ZICOS detector for Zr-26 August 21,2022 6




Liquid Scintillator
or Anisole
0o ] AN / Light
N e o0 . _ Guide
o My,

-, % : . __ H2431-50
L. e e, }

h P 0 ] )
2000 4000 6000 8000 10000 2000 4000 6000 8000 10000
Qtotal

Pb block

T T T T
0Co 3
-|- gamma events _E
backgrounds _E

IS @
S o
(=] o

Number of events
o
o
o

Number of events

IIIIIIIIIIIIII_ :III
wics 45

-|- gamma events -
backgrounds E

<o =
(=) o
(=] (=}
(=] o

st 50Co (1.17 MeV/1.33 MeV)

Number of events
L1
Number of events
()
[
o
(«]

R ; Compton edge: 1.04 MeV
E R S T T T T 137Cs (662 keV)

2000 4000 6000 8000 10000

e Compton edge: 478 keV
gy - 133Ba (356 keV)
backgrounds 3 Compton edge: 207 keV
, : 57Co (122 keV which is under
e Cherenkov threshold

L
2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

S - “168 kev”)

L B S L B i L ]
57C0' 57CO:
backgrounds 7]

ey . =" 1 M Pulse shape with charge
T AT ] ratio in each FADC time.

h
2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Qtotal Qtotal

o~
o
(=]
o

13358 -
-l- gamma events E
backgrounds E

Do
o
(o]
(e}
Number of events

Number of events

o
(=]
o

o
o
(=]
o

ot

o

[ )
o
(=]
(=]
Number of events

Number of events

(=]
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* There is difference in
shape betweent =57 ns
and 58 ns

« Charge ratio looks
depend on the energy

« Fort>58.5ns, all shapes
were almost same.

0 o1
Qﬁmethoml

Entries

Cherenkov looks dominant
between 57 ns and 58 ns.

t=58.5ns

t=59.0ns

Template wavefor
scintillation betwegén 57 ns
and 58 ns for ’Co.

-0. 0 0.1 -0. 0 0.1
0 _ i ) .
Qe Vot Qe ot Qe Yot

Entrias

0.1 -0. . -0. 0 0.1 -0. 0 0.1
A I7
Qe et ime' Vtota Qe Vit Qe Aot
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GOCO

ulsie il © Most of backgrounds
have lower y?than 1.0

* Most of backgrounds

1Cs have lower energy than

-|— gamma events

backgrounds

Ld
+
# oty +++""""'"'*""""""1-*''"'"++"'"+"'+''''"*‘""1-""r"‘+"'++'+-|+++1-"'1-"' 1t 0
+
o

i ko Cherenkov threshold,
then only scintillation
was seen.

-|— gamma events
backgrounds
* +
+ : i
o LT A N ] K=
6 7 8

It seems to events with

-|_ gamma events

backgrounds

Cherenkov lights should
have large y? value.

Direct measurement of topological information using HUNI-ZICOS detector for Zr-96 August 21,2022 9
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Liquid Scintillator

L L L T

:—-—L 60(30 ]
- ‘|‘ o cvents Pb block or Anisole
P 3870events nght

N, _ - "+* 60 / Guid
fw ) y :403events§ M| 1 Co \ . ulde
f |ﬂ"|‘| ililiH — mm . __ H2431-50

x2 <0.1(schhtillation like) } *
403/3970 = 10.4+0.5% for N2 IS1016 2408 By fa i B B0
Compton edge event for BG sample
TR R Raan BN e difference between
Compton edge events
BG sampleis 2.9 .

GOCO
-+- gamma events

Number of events
Number of events

BG

o
0
—
<
o

Number of events
f
Number of events

—

(=]
—
fe]

\] Er .. L |l TOpology of Cherenkov

2000 4000 6000 8000 10000

e. <N ights for ~1 MeV e was
strongly indicated.
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HUNI-ZICOS

Pb shield

0.898MeV

Total PMT 26

Photo coverage : 45% Hamamatsu

on the hemisphere 3/8” PMT H3164-12

Direct measurement of topological information using HUNI-ZICOS detector for Zr-26
neutrinoless double beta decay experiment.

August 21,2022




M g for hemisphere fla

N /Z—>C AL

oA g SN Bo
LN vl | Sk : P STy
o — /‘.“ “ \. ad

, L |
, Pl ¥
1 CN f“",.- N 1 N
B N

B i

/3. ® Total 26 H3164-

- were used for HUNI-ZIC&¥#
In order to remove
’ 3 ) b scintillation light (~ /'
N SC-37 filter was ¢ovéred
LW around the hepisphere flask

LRGIERUEY
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Setting hemisphere flask to jig and locate
on suor’rin s’rand

=
AR

pinched by clamp.
® Assuming e generation position to be center of truficated
icosahedron jig (not hemisphere flask).

Direct measurement of topological information using HUNI-ZICOS detector for Zr-96 August 21,2022 1 3
neutrinoless double beta decay experiment.



Cable connection 1o FADC and HV

" ? 2
. 1
. =
- WS
3 L

{0 e
e
. 7

LeCroy 1182 ADC

m - Y7 Y1 r:;."’
FENLSVEN
- Il

\ S

All channels are connected
to FADC V1742 digitizer.

Direct measurement of topological information using HUNI-ZICOS detector for Zr-96
neutrinoless double beta decay experiment.
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Compton scattering
with fixed direction
352keV compton generates fixed
scattering y energy electron.

\w Compton angle 100
degree corresponds
HASAMeY to 352 keV for

e scattered y and 1.
MeV for electron

1.836MeV y

Cherenkov a S
HUNI-ZOCOS 47 deg ree
Direct measurement of topological information using HUNI-ZICOS detector for Zr-926 August 21,2022 ] 5
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eraged angle using °8Y

® T T Tttt T T T 7539 #1200 T T Tttt T 7 1052
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= c = = R
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Z 300 - . F ]

E E 200 [ | —_

S 3 ,,MWW}, E : ! 352keV 'M'\\\g
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100 "I et | Eo] -

H3164-12 0 E 1 ! ] = r \ h
ot o B i e u Lo i nd o N LTI ITATAT A A
1 chl 2000 2500 3000 3500 4000 2000 2500 3000 3500 4000

[rmem Fang TRO:
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I e
" vhil

<h7

26PMTs [ | e

chi |
G
<ho

LaCroy
1182 ADC

Past, TH{

Scattering gammas
were detected b
calibrated La-GPS
scintillator through the
Pb collimation.
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Number of events

wm
iy
=]
o
)
L
=]
=
2
g
=
Z

Number of events

Backerouds Event selection criteria :

(2days)

Data (5days)

« Number of PMT hit for BG are
clustered below 5 hit.
oo 1) Nhit =2 5
 (Qtotal for BG are also
]‘jﬁ‘%{;s clustered below 1000.
NS 2) Qtotal 1000
« Observed energy of scattering
gamma is clustered around
T A5G e 352keV.
sl - Due to SC-37 (UV cut) i
we observed almost

Cherenkov light in

7 LBl

380 390 400
Detected energy [keV]
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* Averaged angle measured by HUNI-
ZICOS has a peak at 40 degree. This
Is not consistent with the Cherenkov
angle. This is due to PMT geometry
of HUNI-ZICOS detector.

« Averaged angle obtained by EGS5
simulation of Cherenkov light has a
peak at 40 degree. This is consistent
with above measurement.

« Averaged angle obtained by EGS5
simulation of scintillation has a pe

around 50 degree. This is quite /
different from Cherenkov ligh

Verified Cherenkov lights emitted

Mean

\

0 0 80 O
Simulated averaged angle [deg.]
Direct measurement of topological information
neutrinoless double beta decay experiment.

from 1.484 MeV electron really
maintain their topology.




=monstration of 2°8T| BG reduction

UNI-ZICOS 50Co B source
/ ALO(t=1.3mm)

Chimney

base of S1 SSD

1 48MeV B

o
o,
-
.
e,
o
-y
NNNNN
.
"“-.

1.3325MeV v

Q O S1 SSD for EXT trigger
“Co

0.31Mev B~ 99.88%

5272 yr

60* .
-g VI

148 Mev B 0.12% ¥ 1.1732Mev

n Nulﬂuﬂlf

60* .
Total PMT: 50 2 N1

\ f%: ¥ 1.3325Mev

Photo coverage : 45% Hamamatsu

60 .
o N1

on the spherical detector 3/8” PMT H2164-12

Direct measurement of topological information using HUNI-ZICOS detector for Zr-26 August 21,2022
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=monstration of 2°8T| BG reduction

UNI - ZI C O S UNI-ZIOCS detector EGS5 simulation

“Cq By

Chimney

arbital scale

OOOQ
OOO 0

Q OO 6 o 10 20 30 40 50 60 70
O bt | aveldged angle [deg]
5272 yr 5 60* /’

A

1.48 Mev B~ 0.12% == y1.1732Mev
60*

\ f%: ¥ 1.3325Mev

Photo coverage : 45% Hamamatsu

|ﬂ/\ (‘;\ﬂ‘ldh

Total PMT: 50

60 .
o N1

on the spherical detector 3/8” PMT H2164-12

« Data taking will start in this autumn.

Direct measurement of topological information using HUNI-ZICOS detector for Zr-96 August 21,2022
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2v-ZICOS detector 28 cm diameter flask
Chimney using Ultra-pure quartz
T tod i h> Ultra pure quzrz flask and 60 IOW BG 2” PMT
MY fxing g (UITh < 1210l Hamamatsu R3378-50
‘ (R2083)
18.5cm inner balloon

preaea J YT 7PN 300g Zr(iPrac), loaded

on vertecies
liquid scintillator which
Inner baloon COntaInS 11 g 96Zr

180 2v[p events pe
Total PMIT: 60 Low BG 2'PMT year Is expected

Hamamatsu

Photo coverage : 50% R3378.50 Locatio n : Ka m .

on the spherical detector

Direct measurement of topological information using HUNI-ZICOS detector for Zr-96 August 21,2022 2]
neutrinoless double beta decay experiment.



Observation of 2vBp signal using 2v-ZICOS

2v-ZICOS detector

= 1055— I simullation of 2v-ZICOS detector
| — bt C
Chimney 3
: -
\ § 10tk + 208T] (all events) + 1g Zr 2vBR E
. Ultra pure quzrz flask — ]
Truncat(‘ad 1(':‘osahedr0n (U/Th < 1.2x10°B/e) .éb _I_ 208T] (R<10cm) _~. “K ®<10cm) ]
PMT fixing jig S 16 - _I_ 208T] (R<10cm and 4
2 E . aveang>60) 3
) [+
\\ § 102— E +++++ i
= H =
% K 1 N Y ittt o L e .y E
& Ty ]
PMT located 2 ’rJfH i TR Ui JrJr+ J‘ ]
on vertecies g oL E # JrHi- ]l#H lejr +Jrjf’r JrH H i ]
“ i t 5
il |* e b
R
B0 1000 1500 2000 25000 3000 3500
S Total charge
280 mm Low BG 2”PMT ‘ - S

Total PMT: 60 ~
Hamamatsu C

Pisocovrag 0% e * Location: Kamijgka mine
on e spheric etector .
« Start time: EX2024

Direct measurement of topological information using HUNI-ZICOS detector for Zr-96 August 21,2022 29
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Averaged angle distribu
energy (1.484MeV) electron using 88Y so
~40 degree. This is not Cherenkov angle due to hit PM
geometry. They also agree with the simulation.

It is verified that Cherenkov light emitted from 1.484MeV
electron really maintain their topology, in other words, 2%Tl
BG reduction using averaged angle is possible even for
scintillator experiment.
Demonstration of By BG reduction using °°Co source by >
ZICOS will be started in this autumn and the result will €
reported at early next year.

Next program to observe 2vp[3 decay will start in
after 2 years construction and checking. Stay tunhed!

Direct measurement of topological information using HUNI-ZICOS detector for Zr-96

August 21,2022 23
neutrinoless double beta decay experiment.
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