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Conceptual design of ZICOS detector

Conceptual design of ZICOS detector 10 IE_ (a) Period-2  __ Data __Momy
el — Total B+ TR R
1 —- Total + P UK K
inner balloon 7 _o-="7777"" 10°E (IvBp UL A== IB/External|
- by X e .
, . = - — "¢ 2vpp  —-- Spallation
* total volujne : 180ton N E 102 g_: _ Uy, OvBp
fiducial vgl. : 113ton = = (90% CL.UL.)
& -
------ ERl
-7 Zr(iprac), 10wt.% - E r
PPO 5wt.% -
in Anisole 1 E_ 2
pure water P - C B
| o= ] 11 1 1 1 = 1 il 1 ]
1o 1 2 3 1

(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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* 16 cm diameter round
bottom flask using Ultra-
pure quartz.

« 20 low BG 2" PMT
Hamamatsu H3378-50.

* Designed mounting jig

 Filled 1.0L of ZICOS
liquid scintillator loaded
1009 of Zr(iPrac), whic
contains 0.4 g of %Zr,

* Expected number
events is ~100 pef year.

« LAB-A in Kamidka mine

XVl International Conference on Topics in Astoparticle and Underground Physics August 29,2023 3
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nderground laboratory in Kamioka mine

N it

KamLAND

-

e ‘
CANDLES "f‘
XMASY BN

4

4

LAB-1 (s
(4]

Oe

)

LAB-A : Behind of LINAC control room
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Background estimation

Assuming radiation (perpetual) equilibrium :
AMNA=AgNg (Decay rate should be same)

The detector flask uses 530g of GE214.
208T| : 1017908 events per year

214Bj : 5988404 events per year will occur.
40K : 93556 events per year

XVl International Conference on Topics in Astoparticle and Underground Physics

August 29,2023 5
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208
all events Tl

R<b5cm

« 40K affects only part of
2vB[3 observation.
s d - 2'Biis significant BG,
S e but small fraction of
e B 2v[3B events should be
observed.
« 208T] is most serious BG

for 2vBB. A few events

might be observed.

Number of events (1yr.)

o
=
>
i
S’
®
ey
o
2]
2
W
g
Q<
g
-
g
=
Z

e e e e e 2 e o

Corected total charge

>
all events WK
R<5cm

R<b5cm + aveang>60

Need tuning for inner

ETFE cubic bag for
liquid scintillator.

Number of events (1yr.)

2000 4000 6000 8000 10000 12600 14000 16000 18000 20000
Corected total charge
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Present status

month.

« Round bottom flask using G
the clean room

* Inner bag stored for liquid scintillator will be prepare
by ETFE sheet. No damage was found. /

 We measured the transparency of ETFE sheet
scintillation and obtained 2.5% loss at maxim

« Centrifuge for %Zr isotope separation was
to JNFL and 25% enrichment maybe po

XVl International Conference on Topics in Astoparticle and Underground Physics
(TAUP2023)
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Ible.
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< ' ¢ i
5, . ‘] i

Clean booth and 200g Zr(lprac)4

i

i

Asitr—Lgmpr Mo2e
Iriprag),
- Rr—ryzama)
f Lot “230516YY
| NEF:&M g
U058 Rk oy 261 /
066482-7019  FAX : 06-64828007 1

.j}:; g
/
n

. Glove box wth gas circulation has b(eén”inst
» 200g Zr(iPrac), was stored in dry box.
« 12 Hamamatsu H3378-50 are ready. 8 PMFwill be

delivered at next month.

XVl International Conference on Topics in Astoparticle and Underground Physics
(TAUP2023)

NARD [we |

Jreati ) Vann
b 1! I

S
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Present status

Round bottom flask using GE214
the clean booth. PMT mounting jig is also designed .
* Inner bag stored for liquid scintillator will be prepare
by ETFE sheet. No damage was found. /
 We measured the transparency of ETFE sheet
scintillation and obtained 2.5% loss at maxim
« Centrifuge for %Zr isotope separation was
to JNFL and 25% enrichment maybe po

XVl International Conference on Topics in Astoparticle and Underground Physics
(TAUP2023)
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Ible.
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Ultra-pure quartz flask and inner bag

i zICcoS Liquid Secintillator i

« Ultra-pure quartz round flask is ready.
« We will use ETFE sheet for inner bag. No damage
due to Anisole erosion was found within ghe month.

XVl International Conference on Topics in Astoparticle and Underground Physics August 29,2023 10
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Present status

month.

* Round bottom flask using G
the clean room.

* Inner bag stored for liquid scintillator will be prepare
by ETFE sheet. No damage was found. /

 We measured the transparency of ETFE sheet
scintillation and obtained 2.5% loss at maxim

« Centrifuge for %Zr isotope separation was
to JNFL and 25% enrichment maybe po
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|

Transparency of ETFE sheet using Liquid Scintill
Compered peak value of some Ris for side P
w/wo ETFE sheet covered side wall of vial.

* Bottom PMT was always without ETFE shéet.

XVl International Conference on Topics in Astoparticle and Underground Physics August 29,2023 12
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ETFE sheet OFF ETTE sheet ON
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ETFE sheet OFF ETFE sheet ON
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Present status

month.

* Round bottom flask using G
the clean room.

* Inner bag stored for liquid scintillator will be prepare
by ETFE sheet. No damage was found. /

 We measured the transparency of ETFE sheet
scintillation and obtained 2.5% loss at maxim

« Centrifuge for %Zr isotope separation was
to JNFL and 25% enrichment maybe po
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o7r isotope separation by Gas Centrifuge

bl ot air Ce o~

@

I b Proposed %Zr separation
using ZrCl, (bp 331 °C) :

. . Need new sublimation

v | pressure data.

otor power
supply

NN\



JNFL staffs of Technical

Development Center for
Uranium Enrichment are
tt:ll  |0oking for new idea for
Isotope separation using
their Centrifuge plant.

1500

1000

500

Number of entry in each MM
Number of entry in each MM

o]
240 242

Molecular mass Molecular mass

Proposed %°Zr separation
using ZrCl, (bp 331 °C) :

Entries 864 Entries 170

. . o
isotope separated ZrCl, including *Zr

MM = 238) abundance 25.6%

Need new sublimation
pressure data.

2
=
<
@
ey
a8
=]
%]
L
o
i
%)
<2
E
Z

Number of entry in each MM

240 241 242 T 238 239 240 241 242
Molecular mass Molecular mass

25% enrichment maybe
possible by gas centrifuge.
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Future plan

Radiatior

prevention wall is designe
80cm cubic.

 Tuned inner bag using ETFE sheet will be ready
after welding test by company.

* Mockup for PMT mounting jig with flask will be done

at early next year.

 Installation of inner bag and bringing of LS will be/
tested by using ultra-pure water after the mocku

» Construction of Pb shield and 2v-ZICOS dete ill
start at next fiscal year in LAB-A.

» QObservation will start in next summer. Stay tuned!

XVl International Conference on Topics in Astoparticle and Underground Physics August 29,2023 19
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Lr loaded liguid scintillator

g I I I I I o SR L s
§ 160 Measured energy ean 22507
% L of back scattering y gma 15.99 4
£ 140 [ ' .
<

= i ]
b 2017 .

40 |- J[ ]
20 :— Jr* td H+ .
0 Y w.mmm.rjrm.ﬁﬁ cloials H ﬁ.Jr.Jr*.ﬂl“*?J.Jr‘L.ﬂ.ﬂ

! T 4 0 50 100 150 200 250 300 350 400
e Jmeasured energy in keV

2013~2015 2015  [Erme

Measured on this August. et s

Liquid Scintillator

Ab =0 125§
E 777
(E = 1.02MeV);

An energy resolution is obtained
by 2.61+=0.14% at 3.35 MeV
assuming 64% photo coverage
of the photomultiplier.

BAYEZR2017ENFERE 201749A13H

O B 1 Il Ll I I ] | Lot % 5 I |++r}' i1 w‘ |- ‘h 1 I" i1 d'h ;
0 500 1000 1500 2000 2500 3000
ADC counts




NEMO3 : T% > 9.1 x 1021 ys

Conceptual design of ZICOS detector

inner balloon

‘ total volujme : 180ton ‘\

fiducial vl. : 113ton

Zr(iprac), 10wt.%
PPO 5wt. %
in Anisole

pure water

(0 20" PMD with QE~0.4 and TTS <Ins @ Ipe
Total PMT : 650 Photo coverage : 64%
Scintillation (energy) + Cherenkov (BG reduction)

%7r : 45kg (nat.) — 865kg(50% enrich)
Ty > 4 x 10%° ys >T)) > 2 X 10%°ys

BAYEZR2017EMFERR

20174%9R138

22



Experimenial si’r iIn LAB-A

Need to apply inner-University Research Program
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U/Th/K contamination in material
U/Th ~1ng/g

iEIR) T bSER (PR MEEEC/YTOE) YINI-DALMIEETIIIZ DU /ThERE

B
ESH JFFYLE ThIFRR (PEMEEYTOEN) 2ILOZ94
MElsyRy  MRE2LIZON

JOB No.G800G: St2sal
(3] EXASAPOU ThEME [753%]
RAZ i SRIIFR — ICPEESIFE (I—F> T 743 NexION350S)
[Et4d]
BERASA iER]
-RQ200 T 21, 2(CHthiERERUET,
-GE214
st
rH =1 DiER
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[f’£1 22T T 4 ik Pita el K Th U
B — ICPEE DL (—F2IIY—1E NexION350S) 1552 (PR YTaEL) _ _ _
A=A
. E=TE 400 50 50
E?g—]ﬁ*ﬂiﬁﬁ—bij POl - |ERRE. ERTFRU T THdLERmUET,
. Ta 7~ o
= R
=2 DITER
BT : ng/g -
it K Th U T - — BN Jg/g
RO200 330 42 64 RSO - - -
l%&*—zu—— mﬁ%?ﬁﬁ‘? 200 50 50
22 Ml 2 1 1 REROT A, FRTHET haclEnLEd.

Most serious BGs come from Ultra pure quartz.
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Discrimination of signal and BG

Reconstructed vertex
by Cherenkov light

Balloon or

surface of '

detector
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Demonsiration of 2987| 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

as an averaged angle /
3. Demonstrate BG reduction using beta-gamma
angle) of Cherenkov light. /
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UNI-ZICOS

“Co B source
/ Al plate (t=2mm)

.,
......
“"'l-\.
.
e,
-
o
.,
NNNNN
.,

1.3325MeV v

60
»,Co

0.31Mev B~ 99.88%
5272 yr

60% N7
s NI
% v 1.1732 Mev
60* N7
s NI
% ¥ 1.3325Mev
\Hamamatsu

3/8 PMT H3164-12
\\ Hamamatsu

1” PMT H3167

XVl International Conference on Topics in Astoparticle and Underground Physics August 29,2023
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1.48Mev 5~ 0.12%

Total PMT; 50

60 AT:
25 Vi

Photo coverage : 45%

on the spherical detector




Setup for measurement with UNI-ZICOS

Entries
Mean

Number of events
Number of events

2}
=
=t
9]
>
@
S
©
ey
@
=
=
ey
4

’ 0 W4 & . 1 g RS ST 5 pafTREE AT 1] o B
-26-2-15-1 0560 05 1 1b 2 25 252151050 05 1 15 2 25 .925.2.15.1-050 05 1 15 2 25
X-axis [em] Y-axis [cm] Z-axis [cm]

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

MC * 0.3mm Al plate terminates 3

(combined)

(E<0.3MeV) events.
« Small difference between 2mm Al
on and off
* Obtained averaged angle has
small peak around 60 deg.
omacl - There is no clear source to explain
around 40 deg events.

=we : , +  MC(B(E<1.48MeV) + v ) looks /

(E<1.45Me reproduce higher peak.

Averaged angle could be used

for reduction of (3 +y events
such as 2%8T| decay background.

50 60 70 80 90
Averaged angle [deg.]
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0.4)
®
S

90000 < Total charge < 160000

« Clear averaged angle of B +

MC _
(E <0.3MeV)

| Duta { v events is obtained by
‘ subtraction of those data.
Obtained averaged angle
| has a peak around 58 deg.
PN\l - Averaged angles of
MC(B(E<0.3MeV) + v)
S reproduce peak, but not
| o reproduce shape. /
* Averaged angle of
MC(B(E<1.48MeV) +
help to reproduce larger
angle shape.
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Averaged pulse shape with 0.5ns bins

 Pulse shape of %°Sr using

Jrsantiuation light 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
* 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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Average direction =
eZ d. (d. : unit vector)

UNI-ZIOCS detector EGS5 simulation
—— . 8 By

“ E'it')SI.B

Vertex
position

arbital scale

di e

Averaged
angle= X 6,

Nhit 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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Numberof events
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fixed direction
fixed energy
electron
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EGS5
simulation
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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 Ja
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Average direction =
eZ d. (d. : unit vector)

pead

Arbitrary scale

Vertex  ElSEE -
osition |-
di ei p
Averaged
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Topological information (averaged angle) of Cherenkov

lights should be different between 2vp3 and 3 + y event.
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Topological information of Cherenkov lights
» | B
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MC( + v ) does not reproduce the
small bump around 40 degree.

(E<1.48Me
+ Data

Number of events

They might be caused by beta only
events which don’t have enough ;
light yield as indicated by MC. (at +;m*;*¢t++ Y
|ast JPS) 0G0 50 105060 H0 80 a0

Averaged angle [deg.]
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[*H-NMR, 400 MHz, CDCL,]
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Synthesis of Zr(iPra€),
was succeeded.

ZrO,/Zr(iPrac),=18.5%

el

83.76%
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