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Conceptual design of ZICOS detector
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Discrimination of signal and BG
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Verification of 28T| background reduction
using Cherenkov lights

Pulse shape dis
2. Confirm topology of Cherenkov lig
* Directionality of Cherenkov lights
« Direct measurement of topological information

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

averaged angle /
3. Demonstrate BG reduction using beta-gamma//
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Averaged pulse shape with 0.5ns bins

 Pulse shape of %°Sr using

+ Seinillation ligh H2431-50 measured by

V1751 with DES mode

VAENTS)

* Decay time of scintillation :
4.57 ns and 8.38 ns

* Rise time of scintillation :

1.45 ns
* Rise time of Cherenkov/

FADC time [ns] 075 N S
Use the charge ratio Qy;,o/Qioio- HEre, Qiineis FADC

arbitary scale

~\~ Cehrenkov light

count in each time, and Q,,is sum count of FADC
between 55 ns and 80 ns.
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UNI-ZICOS 0Co B source

/ Al plate (t=2mm)

[; / 1.48MeV B

Chimney

Total PMT: 50

Hamamatsu

I g‘; Co
0.31Mev §~99.88%

5272 yr
. 5 \ 1.48Mev ™ 0.12% % ¥ 1.1732Mev
I ¥ 1.3325Mev

3/8 PMT H3164-12
\ Hamamatsu

17 PMT H3167
Due to the earthquake in March, we lost’d PMTs.
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Photo coverage : 45%

on the spherical detector




Average direction =
eZ d. (d. : unit vector)

UNI-ZIOCS detector EGS5 simulation

/\ Vertex
d 0 position
'
Averaged
angle=X 0, o .
Nh|t """" 20 30 40 50 60 70 80

averaged angle [deg]

Topological information (averaged angle) of Cherenkov

lights should be different between 3 and 3 + y event.
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The vertex position could be reconstructed by assuming that all PM’Iéshould have
same effective charge which is corrected by the distance betweeﬁ PMT and vertex.
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Numberof events
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electron
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EGS5
simulation
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Averaged angle [deg.]
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The vertex position was reconstructed
by charge information as explained.
Extracted PMTs which include
Cherenkov light by PSD technique.
Using those PMTs and the vertex, the
averaged angle of fixed direction fixed
energy (1.484MeV) electron from 38Y
source was measured, and a peak
was found around 50 degree.

The averaged angle obtained by MC
simulation has a peak around 48
degree. Within the statistical err
peak position was almost repgbduted.
Measurement time was limited by
March earthquake in Japan.
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Events selection for B+y rich samples
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80 90
gle [deg.]

Clear averaged angle of 8 +
vy events is obtained by
subtraction of those data.
Obtained averaged angle
has a peak around 58 deg.
Averaged angles of
MC(B(E<0.3MeV) + v)
reproduce peak, but not

reproduce shape.
Averaged angle of

MC(B(E<1.48MeV) +

help to reproduce
angle shape.

rger
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0.4)

90000 < Total charge < 160000
Z>0 R<10mm

Y MC

‘ Clear averaged angle of 3 +
e y events is obtained by
‘ subtraction of those data.
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* (Obtained averaged angle
has a peak around 58 deg.
FETN * Averaged angles of
_ MC(B(E<0.3MeV) + v)
EI reproduce peak, but not
| e reproduce shape. /
« Averaged angle of

MC(B(E<1.48MeV) +
help to reproduce larger
angle shape.

ay
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Averaged angle [deg.]
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 0.3mm Al plate terminates 3

(E<0.3MeV) events.
« Small difference between 2mm Al

Zo‘f‘éiim | on and off

« Obtained averaged angle has
small peak around 60 deg.

A peak of averaged angle in
previous page is caused by mainly
B (E<0.3MeV).

Number of events

R Ty— + MC(B(E<1.48MeV) + y) looks
5 data + | reproduce small peak without
+H+J[ J[H* fH Jf+ +Jf + lower angle shape too.

wt ¥ t 4

e s —
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0 10 20 30 40 50 60 70 80 90
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30000 < Total charge < 160000 * 0.3mm Al plate terminates 3

7Z>0 R < 10mm

Me R (E<0.3MeV) events.
} Data Ny « Small difference between 2mm Al
‘ on and off
« Obtained averaged angle has
small peak around 60 deg.
« A peak of averaged angle in
previous page is caused by mainly
S 7] B (E<0.3MeV).
ve i ~ . MC(B(E<1.48MeV) + v ) looks
ata | reproduce small peak without /
lower angle shape too.
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Averaged angle could be used

for reduction of 3 +y events
such as 2%8T| decay background.
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20 cm diameter flask
using Ultra-pure quartz
and 31 low BG 2" PMT
irenornd  Hamamatsu R3378-50
(R2083)

Filled 3L of ZICOS-LS
Loaded 300g Zr(iPrac),

which contains 1.1 g
967 /
200 2vpBp events pe/

year Is expected
Total PMT: 31(H3378-50 Location: Kamjigka mine
Photo coverage : 48% .

. Start time: F¥2024
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simulation of 2v-ZICOS detector
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source, and the avera
degree as expected by MC simulation.
consistent with the Cherenkov angle.
The averaged angle of 3 (E<0.3MeV) + y events from
%0Co source was measured by UNI-ZICOS, and the
averaged angle has a peak around 58 degree as

expected by MC simulation.

We succeeded to demonstrate 3 + y event reduction /
such as 29T| BG using the averaged angle!

Next program to observe 2v3[3 decay of %Zr will s
FY2024 after the screening of low BG material

synthesis of Zr(iPrac),, and the construction
environment using Pb shield. Stay tuned!
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EGS5
simulation
of ©Co B + v

| subtracted data

-—--MCB+y) + .

40 60 80
Averaged angle [deg.] Averaged angle [deg.]

Averaged angle is obtained
by z>0 and by subtracting y+f3
and y dominant data.
Obtained averaged angle has
two peaks around 50 and 60
deg.

Events consists not only y+f3
events but  and y only
events.

Averaged angles of MC for
v+B and 3 and y only evergt
may reproduce those géta

It would be possible to reduce 3+y evens such

as 298T| backgrounds using the averaged angle!

Reduction of TI-208 background for Zr-96 Neutrinoless Double Beta Decay experiment using July 8,2022 19

topological information of Cherenkov lights



Liquid Scintillator

-+- gamma
H"‘r.o.v 3870events
N

"“’F' W

l |ﬂ"

or Anisole

Light

GOCO . / Guide

60Co Pb block

_ H2431-50

Number of events
Number of events
5 5

Y2 <O 1(SC|nt|IIat|on Ilke) ‘ 1772/3606=49.1+1.4 %

403/3970 =10.4*+0.5% for
Compton edge event

.(_9‘

for BG sample

The difference between

...W Compton edge events ap

| w,,..ﬂ,,% BG sample is 2.95. /.
1 Topology of Cherenkov

o, " " ' <flights for ~1 MeV e- was

strongly indicated.
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Number of events
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13384

backgrounds ]
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Y P

0
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total
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L ]
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backgrounds 7]
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0
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Liquid Scintillator

or Anisole

Light

‘n!
500 — . _~ Guide

Pb block

_ H2431-50

60Co (1.17 MeV/1.33 MeV)
Compton edge: 1.04 MeV
137Cs (662 keV)

Compton edge: 478 keV
133Ba (356 keV)

Compton edge: 207 keV
°’Co (122 keV which is under
Cherenkov threshold

“168 keVv”)

Pulse shape with charge
ratio in each FADC time.
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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

i ko Cherenkov threshold,
then only scintillation
was seen.

33
-|— gamma events
backgrounds
+ +
LTI L A e Thb L by gt
AN, oloet s NSTNAN TSl Y el
6 7 8

It seems to events with

-|_ gamma events

backgrounds

Cherenkov lights should
have large y? value.
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* There is difference in
] shape betweent =57 ns

Bl Bl and 58 ns

« Charge ratio looks
depend on the energy

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

time Vtotal Qtime thal

Ql:inle/Qtotal

Cherenkov looks dominant
between 57 ns and 58 ns.

t=58.5ns

” " -y 0
0ol . ; 1 a0 ol
Qtime/Qtotal Qﬁme/Qtotal

t=59.0ns

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

q

time! Ctotal Q time' Ctotal

0.1 . 0.1 A 0 0.1 X
A I7
Qe et Qe Vot Qe Vit Qe Aot
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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
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1836MeV 7 Average direction
=2d

352keV compton e-

scattering vy

‘W

1.484MeV

' electron

HUNI-ZOCOS

Topological information of Cherenkov lights
could be presented as averaged angle.
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Mounting PMTs on jig for hemis

Total 26 H3164-
were used for HUNI-ZICGQ.
In order to remove
scintillation light (~341
SC-37 filter was ered
around the hemisphere flask
In this time.

Sep 7,2022 2 6



Setting hemisphere flask to jig and locate
on suor’rin s’rn'~
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® HUNI-ZICOS was putted on flask =
clip and the chimney was pinched

Ny

o
o B 1
| g 17 i
-

LA B

by clamp. \7'/‘ '
® Assuming e generated position to be center of the truncated
icosahedron jig (not hemisphere flask).
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Cable connection 1o FADC and HV
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All channels are connected
to FADC V1742 digitizer.
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26PMTs

H3164-12

eraged angle using Y
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Backerouds Event selection criteria :

(2days)

Data (5days)

Number of events

« 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

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

7 LBl

Number of events

380 390 400
Detected energy [keV]
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:l Cherenkov
Scintillation

\

0 20 3 60 10 80 W
Simulated averaged angle [deg.]

BAYMEZE 202286MFRR

Averaged angle measured by HUNI-
ZICOS has a peak at 40 degree. 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 peak
around 50 degree. This is quite /
different from Cherenkov light.

Verified Cherenkov lights emitted

from 1.484 MeV electron really
maintain their topology.

Sep 7,2022 3]
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