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33 emitters with Qgz >2 Mev

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

Wopy 110 g 2013 12

©Ge —'° Se 2040 8
1245, 124 T, 2288 6
136 X 136 B, 2479 9
130T 130 Xe 2533 34
116 g 116 5y 2802 7

826, 82 Kp 2095 g
100010 —190 Ry 3034 10

unitésrarbitrairars

[T1/20V(0+ _>O+)]_l :GOV(EO’Z) I MOV I 2<mv>2 /me2
T, ,~a(Mt/AE - B)1/2 a: abundance M: target mass

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

Requirement : Low BG, Large target mass, High E-resolution
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Conceptual design of ZICOS detector

Conceptual design of ZICOS detector 107 |=r (a) Period-2  __ Data __tomy,
S — Total UL T+ "Bi
N oL -——Total +71%P0+ P K+ K
inner balloon . Ei (0vBp U L) ——-- IR/External
“ ﬁ - — "¥e 2vBp —-- Spallation
total volume : 180ton *, R e E_: e Ovpp
fiducial vol. : 113ton = = (905 CL.UL)
T -
o 2 10g
-7 Zr(iprac), 10wt.% = g :
PPO 5wt.% -
in Anisole I E .
pure water Pt i n - .
| L= x BN S T [
1o 1 2 3 4

(3 20" PMD with QE~0.4 and TTS <lns @ Ipe Visible Energy (MeV)

Total PMT : 650 Photo coverage : 64%

Scintillation (energy) + Cherenkov (BG reduction) N EM 03 T10/1f2 > 9 1 X 1 02 1 yI’S

%7Zr . 45kg (nat.) — 865kg(50% enrich)—1/20 BG
Ty, > 4 x 10%° yrs — 2 X 102°yrs — ~1 x 10%7yrs

Exploration of Particle Physics and Cosmology with Neutrinos Dec 22nd, 2020
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Liguid Scintillator solving Zr(iPrac),

> 70g/L of Zirconium could be solved in anisole.

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec 22nd, 2020




Measurement for enerqgy resolution by 20%

#“Na 1.275MeV
110 deg fixed

compton scat.y
makes 982keV e

observed number of events

8000 10000 12000 14000 16000 18000 20000
ADC summed channel

o/E=7.0% @982
keV&20%photo
coverage

Background (accidental
triggerd) events

observed number of events

2.2%@3.35MeV
&60% photo 0
coverage DG summed channel

Dec 22nd, 2020 5
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Discrimination of signal and BG

.....
DA
\s
-
‘s
‘v

-
ss

Reconstructed vertex \
by Cherenkov light
Balloon or

surface of ' ’
detector

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec 22nd, 2020 6




average angle with respect to average direction : -
Average direction
e =24

/2degree

— 1 electron

vertex located within
fiducial volume

A4 Averaged
di/ o angle= X 0,
\ Nhit

0 0 2 2 s =
0 10 20 30 40 B0 60 70 80 90
average angle [degree]

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.

15}
e
-
&
b
(=
.
2
=
=
=
s
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BG reduction using topological information

“%°T1 beta-gamma multi events sample averaged angle with 1espect to averaged direction
Slmulated by EGS5 @ 160 ,,,,,I. LI L) I L) ! L L l llllllllllllllllllllllll
e - Slmulated by EGSS
E: DBD
T 140 F ' .
TN e 7806
% 120 :_ vertex located within ¥ é_ . _:
o - fiducial volume E E re m al n
= 100 [ P 3
= -
=
5
Z.

400

Vertex position
Double beta decay event sample

Simulated by EGS5

400 -
300 - ..

200 2 N fll
100 - PR -

Lot i3

3. g5 0 10 20 30 40 50 60 70 80 90
JE f‘ 2D averaged angle [degree]

............... B
Topological information from

PMT position which received

AN E o) s IN=ICR=Ta[sl Cherenkov lights could be

OvBp signal used for reduction of 298T| BG.

0
Vertex position **,, e

: 200
200 400
-400
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Measurement of pulse shape difference

¥
pec |

| Mod. vi7s1 " "

)
-

Pulse Shape Discrimination (DPP-PSD)
~ Zero Length Encoding (DPP-ZLEplus

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(PCI) / 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 togls for Windows and
Linux

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020
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http://www.caen.it/products/dpp-psd/
http://www.caen.it/products/dpp-zleplus/

Measurement of pulse shape difference

® H2431-50

Spectral response : 400K QE: 25% at peak
Dynode structure : linear focused/8 dinodes
High voltage : 3000V
Gain:2.5x10° dark current :100nA (H6410710nA)
Time response :0.37ns(TTS) 0.7ns(risg’time)

Dec 22nd, 2020 10
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Averaged pulse shape with 0.5ns bins

 Pulse shape of 2°Sr using

H2431-50 measured by

V1751 with DES mode

-~ Cehrenkov light (2 GS /S)

e Decay time of scintillation :
4.57ns and 8.38ns

e Rise time of scintillation :

+ Scintillation light

arbital scale

Jrﬂ | "

i, 1.45ns /
LN . Risc time of Cherenkov
FAD(;{E;:ime [nss]0 O 75”8

Use the charge ratio Qy;o/Qiote- HEre, QsimelS FADC

value in each time, and QIS sum of FADC value
between 55ns and 80ns.




Number of events

Number of events

Number of events

Number of events

b w

b [ =
2 [=] =
fs j=] jw ]
= [=] o

[
[=3
j=]
[=]

-|- gamma events 3
backgrounds 3

-|_ gamina events E
backgrounds E

-I- gamma events E
backgrounds E

-I- gamma events :

backgrounds i

Number of events

Number of events

Number of events

2000 4000 6000 8000 10000

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020

‘total

[+-]
=
[=]
[=]

b
(=3
[=]
(=3

0
0

o
[=]
(=]

or
[=]

]

backgrounds
subtracted

i
M,
|““

\.J"In.._ 1

2000 4000 5000 8000 10000

C et

I O SN ST RN OSSN EE AR SF I A

backgrounds 7
subtracted 7

2000

4000 8000 8000 10000
total

ol e

LI L R
135Bg

backgrounds _:
subtracted

W PR S

0

2000

4000 6000 8000 10000

total

.' i

LI L B N BN B
5700:

backgrounds ]
subtracted
(LN

‘ L) ')’i‘ i, Hes 4t 'I'J.

3n

r‘ur ““ % "I' Lh 'u X

0

2000

4000 6000 8000 10000
total

Liquid Scintillator
or Anisole

Light
Guide

Pb block

o WL

__ H2431-50

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

Compton edge: 478keV
133Ba (356keV)

Compton edge: 207keV
S’Co (122keV)

Under Cherenkov threshold
(169kev)

Pulse shape with charge
ratio in each FADC time.

Dec 22nd, 2020
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t=58.5ns
01

Qime! Qotaa

t=59.0ns

0.1

I7
imel Vet

time Vtotal

0.1

Ql:inle/Qtotal

. 01
Qtime/Qtotal

time! Ctotal

0.1

Quimel Qorar

0
Qtime'/ Qtotal

time’ ~Vtotal

0.1

. o oa
Qe Vot

q

time " Vtotal

0.1
tim. e/thal

There Is difference of
shape between t=57ns
and 58ns

Charge ratio looks
depend on the energy
For t>58.5ns, all shapes
were almost same.

Cherenkov looks dominant
between 57ns and 58ns.

Dec 22nd, 2020 13



“Co

T e o Most of backgrounds
have lower y2than 1.0
Most of backgrounds
L e have lower energy than
| Cherenkov threshold,
then only scintillation

o was seen.

-I- gamma events
backgrounds
ety A T +,
Loy o L h ) e YT Rl =
8 7 3 9 0
2

It seems to events with

Number of events

Number of events

=
4
-
T
S
=
-]
2
o
g
E
=

-|— gamma events

backgrounds

Cherenkov lights should
have large y? value.

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec 22nd, 2020 14



backscattering gamma co;nadence measuremnt H2431- o 50 Light Liquid
T L T L

©Co 4 %

Scintillator

i Guld/
La GPS
Pb block~™ -|=|-

“Co

o =]

5
total 3levents J 3

+ =00

b

Number of events
Ll t [ &)

b
or

16 E

111 N TR

o
0 2000 4000 6000 8000 10000

Qtotal

v2>0.1:22events/28events [akEEREEo)ARCiis] A

S
is

—78 6% ADC ch~3400cn

M It the events with X2> /

0.8

M should have Cher
: { ol M lights, is this inefff |ncy

Lo e et T 21.4+9.6% cofrect?
BG events 3evets
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+gnm
H"‘?.o.v 38T0events
™,

GOCO

Number of events
Number of events
5 5

"“’F' W

| |ﬂ"

2 <O0. 1(sc‘%n||auon Ilke) ﬁ
403/3970 = 10.40.5% for

Compton edge event

BG

i H
) :
2 .'o.‘ll.k

“"""‘*"’%

Number of events
Number of events
3 =

Qtotal

Liquid Scintillator
or Anisole

Light

6000\-‘ . / Guide
. __ H2431-50

Pb block

1772/3606=49.1+1.4% for
BG sample

Inefficiency value between
Compton edge and BG

; sample differs with 2.84

Topology of Cherenkov
lights for O(1)MeV e
was confirmed.
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HUNI-ZICOS

Pb shield

0 average direction

Total PMT: 32

Photo coverage : 60% Hamamatsu

on the hemisphere 3/8” PMT H3164-12

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec 22nd, 2020 17



hotomultiplier H3164-12(R1635

smmmomooooooo ESMH
if T T e e rR T

e
=T

j?f!ﬁ}fm[ﬁﬂﬂmﬂmmmmmliﬂ | i
e 0 B 0 L

® Sensitivity: 400K

® Dynode type : Line focus/8dynode
® Applied voltage:1250V

® Gain:1.0x10° Dark current:50nA
® Time characteristics:0.5ns(TTS) 0.8nrs (rise time)

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec 22nd, 2020 18




Pulse shape measurement by

H3164-12

400

Cherenkov dominan

t=58.5ns

133Ba

a 1500
500 [
250 - 1000
t=57.5ns , E
C ] 500
250 - =
500 E booteotonog] o
-0.1 0 0.1

Qﬁme/Qtotal

o o
Qime/ Ve

IO

T T 1600
L | Entries B 23463 ]
aiEn TS O]
- LS I 02255E-01-
SEALLS- AR B SUER.AeriedA

- = 1000
Yi., ]

o aaa

3 ] 500

Boockandiand Beaddoodoadi) 0
1

¥54177 1500
Entries Lo 23460
- | Mean 05392-02
- | Rus i1 02493E-01 ]
- oo— 1000
] 500
PR 0
0.1

Qtime/Qtotal

137CS

—I[Dvl---I---I---l---l---l---lnkﬁs—-
[ | Entries i 28880
L} Mean H 0.5656E-02
- | RuS D 02567E-011
EPRETVT D
-0.1 0 0.1

Qi Uotaa

MTor T T T T T ]
L | Entries i 28880+
- | Mean 0.1006E-01
= | RwS 0.2750E-01]
— Boarrceinnraninnn e
L éh -
= -‘} ) .'- e

PRI PO N PN R o WO

-0.1 0 0.1

Qe Vrge

Lt bl B

[ IR ISR SR =

| Enwies 288807

. | Mean 0.1031E-01 .§

b~ | RVIS 0.2819E-01

: asien, i
PIRYCTIEE [ e

-0.1 0 0.1

Qin Yot

2000

1000

2000

1000

2000

1000

Co

[ Tor + 7 1 7 T 72415 ]
L. | Entries ' 49889 4
- | Mean i' 0.9647E-02 =4
M e 0:2633F-01
L o =
L i .

i i

SUGLELELEE L FYLE
- | Entries i 498894
™ | Mean ! 0.1411E-01 4
] RS e 0RO T
A i ]
L I:l -
L . -
I shedee -
- 1 -
B
L 1) -
= . . o
- Fio N, J
IR, | PO T e o
0.1 0 01
\‘.ime/Qtotal

T LN PY? P
- | Entries 498894
Megryeesseses B e 1O F OO Ayt

- | RMS H 0.3156E-01
e PR e
0.1 0 0.1

Scintillation dominant

t=59.0ns 190
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template waveform using background events . '1?3}3'5} . - 17(138 _
"'I‘"I'"I'”'D'I"'L"'I"'I"'l"'4|.i5" r 1
Entries 10620
Mean 0.8976E-03

0.1541E-01

1000

1000

+
LSy
-

o

- -
MEFEEN PRI PV By SR BN e el EPSPEPES BT PP
-0.08 -0.06 -0.04 -0.02 4] 0.02 0.04 0.06 0.08 0.1

Qtime/Qtotal

[ TP Y
Entries 10620
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=
-
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- e
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- e
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QLim e/QLoLal

(Y ST
Entries ' 10620
Mean . 0.4882E-02

0.1839E-01

o
=

R I o S RN
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t1E20ME #2532l step

| 20mm 20mm

{\ AUTODESK VIEWER {\ AUTODESK.
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Flash ADC V1742 and PMT HV system

LARRRRRRRRRARRR S
1 !

RARRRRRRS R

Ik

- Iﬁ@muam BT (€
R, S A A

B
&

T | .

|

- \.' . ‘ o iz @
. Eg __‘:._.._._. = \ - m 3

, B = =\F — -
z7 o B AR ‘, | -
~, ER B \AS
7 by B8 =
o M- R\ HV system worked well,
/, Lo i i ol
% = 5 1% \ FADC was not checke ,

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec

22nd, 2020
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To establish bac
— topological information using
@ Pulse shape discrimination for selection of P
receives Cherenkov lights : almost done
@ Confirmation of topological information : HUNI-ZICOS
will be ready to measure soon
@ Demonstration of By events reduction using topologic@/
iInformation : UNI-ZICOS will do next year

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec 22nd, 2020 23



* Direct reduction for By events by UNI-ZICOS

UNI-ZICOS
“Co B source

1.48MeV B

1.3325MeV y
Si APD

60
», Co
0.31Mev B~ 99.88%
5272 yr
1.48Mev B~ 0.12% % ¥ 1.1732Mev

Photo coverage : 60% Hamamatsu % ¥ 1.3325Mev
on the sphere detector 3/8” PMT 113 164-12

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec 22nd, 2020



 To establish backgroun
— topological information using Cherenkov
(D Pulse shape discrimination for selection of PMT which
receives Cherenkov lights : almost done
@ Confirmation of topological information : HUNI-ZICOS will
be ready to measure soon
3 Demonstration of By events reduction using topologic
iInformation : UNI-ZICOS will do next year
» Physics program (°°Zr 2vBp T,, measurement) with Z
will start and get results within 5 years. Stay tuned!

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec 22nd, 2020 25



o First physics program for confirmation of NEMO-3

Z1C0O5-1 -20cm diameter flask

| using Ultra-pure quartz
and 30 low BG PMT
R3378-50
-300g of Zr(iPrac),
corresponds to 1g 2°Zr
- According to NEMO-
results, could expec
200 2v[3p events wi
year measure

on the spherical detector Hamamatsu :
Al - location : K

loka
mine
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— need to confirm wi
 To establish background reduction tec
— topological information using Cherenkov lights useful.
(D Pulse shape discrimination for selection of PMT which

receives Cherenkov lights : almost done
@ Confirmation of topological information : HUNI-ZICOS will
be ready to measure soon
3 Demonstration of By events reduction using topologic
iInformation : UNI-ZICOS will do next year
» Physics program (°°Zr 2vBp T,, measurement) with Z
will start and get results within 5 years. Stay tuned!
 1Inloaded LS for pp solar-v will be evaluated by 'new tech.
using topological information from multi Compton.
Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020 Dec 22nd, 2020 27



aluation of 1°|n loaded in liquid
or solar pp neutrino

Q,=1362

11;2- 713.6

el t=4.76ps 1008(efv6125;)

712+ .
B(GT) =0.17;
Q=114 (e/v)s oy 115.6 (e/y = 0.96)
1=16ps 3/2+ 497.3

9/2+
115]n (95.7 %)
=6.4 x 101y \ Yo | 4973
Brmax= 498.8

AHAETOUMeV)IEEDEFNo M SINASTF LT LB R A FIFER
ZHELTLVAIENRE éhf*_th\bﬂﬁlnd) a—Kh)/fBETEBLZLS
M T 5497keVD A AL ERINPZEIAL TR ORELLTH. £
BEM20cmELATHY . BELEFHhoF LT Mma I nId, Bl
LSINMD BAN—FFERIENRERFICREL. RRKDEFNFLOTH
BEEFILOATHDMBRAIZHFERNELSIET THY. In(iPfac),=F
DRBEBEALSHEEIRTEL,. FILaATRIZEEEHAZTRAWNIL., R85
FMeg b &% solar ppvERRI TES I BEEN DS LZEE L,7‘:o
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ZICOS experiment for neutrinoless double
peta decay using 2°Zr

Liquid Scintillator:
(1) 10 wt.% Zr(iprac), loaded in =
Liquid Scintillator L
(2) 3~4% at 3.35MeV of energy P 2 e
resolution with 64% photo
coverage and long attenuation
length.

Inner detector with ~64% photo
coverage 20" PMT including 1.7ton  purpose:

Zirconium loaded 113 tons LS in @ Direct measuremepfoi0vpp
fiducial volume. (Total vol. : 180 @ Confirm parametef of nuclear
tons) matrix elemenymodel

Exploration of Particle Physics and Cosmology with Neutrinos

workshop 2020 Dec 22nd, 2020



Measured at several conditions of PPO concentration

Co
o
=

——4—— PPO 0.5 wt.%

..... + PPO 15 wi%
..... ¢ PPO 4.8 wt.%

w
<
=

|\
=
=]

N
=
T

Energy resolution at 1.03MeV electron [%]
&
=]

—
-
[av]
13
]
]
o
[ ]
e
=
o]
el
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i
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o
Sed
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]
—
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-
-
i}
o]
—_
o]
=

]

=

L e PRI S BT SR
8.0 . 4.0 6.0 8.0 10.0
concentration [wt.%] concentration [wt.%]

48.7x7.1% light yield to 13.0+2.0%

standard cocktail was V(64%/9.2%)X(3.35MeV/1.03MeV)

obtained at 10wt.% = 2.7+0.4% at 3.35MeV
concentration.
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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.

Exploration of Particle Physics and Cosmology with Neutrinos workshop 2020

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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