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Conceptual design of ZICOS detector

Conceptual design of ZICOS detector 10t |=r (a) Period-2  _— Data __nomp
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Total PMT : 650 Photo coverage : 64%

Scintillation (energy) + Cherenkov (BG reduction) N E M 03 TIO/VZ > 9 : 1 X 1 O 21 yrS

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

Ty, > 4 x 10%° yrs — 2 X 10%°yrs — ~1 x 10%"yrs
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Measurement of averaged angle with UNI-ZICOS
” | B P

C T T T | T
< 8o B 90000 < Total charge < 160000
& F Z>0 R<10mm
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~|~ Data
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MC( + v ) does not reproduce the

small bump around 40 deqgree.

They might be caused by beta only
events which don’t have enough : ]
light yield as indicated by MC. (at STEATTT

E 0.3mmAl plateFEnserted-I- -I-
| I I | I

Averaged angle [deg.]
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9v-Z1COS detector 16 cm diameter round
bottom flask using Ultra-
pure quartz.

Chimney

Ultra pure quzrz GE214

Truncated icosahedro round bottom flask ° 2 O I OW B G 2 ) P M T

PMT fixing jig

Hamamatsu H3378-50
and 12 low BG 1" PMT
H6610.

* Filled 2.2L of ZICOS
liguid scintillator loade

— 220g of Zr(iPrac), w
; | contains 0.85 g of

and 12 H6610 at Pentagon n u Clel .
« Expected number of
events is 200 per year.
BAYEFS 2023FFHRE AT :
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Background estimation

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

If the detector flask use 530g of GE214,

208T| : 1017908 events per year
214Bi : 5988404 events per year will occur.

40K : 93556 events per year

AAYEZS 20235FHKE Mar 25,2023 7



T I T T T I T T T I T T T
208T] 1. Sngl/g
all events

« Aveang>60deg. §

LR

10000 12000 14000
Total photo

o
8000

2vpp (all cuts) ;

N

E 1 I 1
4000 6000 8000 10000 12000 14000
Total photon

40K 0.021nglg
all events

--- R<5cm
Aveang>60deg. ;
. 2vpp (all cuts) T

10000 12000 14000
Total photon

« Decay of 4°K does not
affect 2v[33 observation.
Decay of ¢'*Bi has
significant BGs for
2vpp even if 1/10 level.
Decay of 28T| has most
serious BGs for 2v[33
even if 1/10 level.

Need 1ng/g for U/Th cont.
for quartz and improve
the vertex reconstruction
method (or larger flask)

Mar 25,2023




Present status

preparatic
8 PMTs of Hamamats

at the end of this month.

Test round bottom flask using GE214 has been

ordered and it will be delivered at the end of this /

month. But need more clean quartz and Iarger 4
Vertex reconstruction method should be imprg¥ed.
Centrifuge for %Zr enrichment has been discussed

by JNFL and 50% enrichment is not impossible.
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IrCl, SRR 7 BRI 0E)

300 350

Wavelength [nm]

Synthesis
Zr(iPrac)
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Present status

prepare
8 PMTs of Hamamatst

at the end of this month.

Test round bottom flask using GE214 has been
ordered and it will be delivered at the end of this /

month. But need more clean quartz and Iarger 4
Vertex reconstruction method should be imprg¥ed.
Centrifuge for %Zr enrichment has been discussed

by JNFL and 50% enrichment is not impossible.
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Glove box with N, gas circulation has been instal
Electrical balance was also installed in glove bgX.
8 Hamamatsu H3378-50, round bottom flask7ard
chemical storage for Zr(iPrac), will be installed.

BA#EZS 2023FHFHARE Mar 25,2023 12



Present status

preparation o

« 8 PMTs of Hamamatsu H3378-50 w
at the end of this month.

* Test round bottom flask using GE214 has been
ordered and it will be delivered at the end of this/
month. But need more clean quartz and larger f

* Vertex reconstruction method should be impr :

« Centrifuge for %Zr enrichment has been discussed

by JNFL and 50% enrichment is not impoéssible.
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Present status

prepare
8 PMTs of Hamamatst

at the end of this month.

Test round bottom flask using GE214 has been
ordered and it will be delivered at the end of this /

month. But need more clean quartz and Iarger £,
Vertex reconstruction method should be imprg¥ed.
Centrifuge for °°Zr enrichment has been discussed

by JNFL and 50% enrichment is not impossible.
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Cen’rnfue Icn’r of JNFL at Rokkasho-village
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*o7r enrichment by Gas Centrifuge

enriched in 235U

They are looking for
idea for isotope separation

using their Centrifuge plant./

Proposed %°Zr enrichment
using ZrCl, (bp 331 °C) ;
24-50% enrichment

= possible by gas centrifuge.

BAYEZS 2023F&&FHKE Mar 25,2023 16



Meeting with JNFL staffs of
technical development center

for Uranium enrichment on
18t Nov.

They are looking for new
idea for isotope separation

using their Centrifuge plant./

=
N
(23}
=
=
2
ki
=
&
ay
N
LI
<
Bed
D
£
p
=

Proposed %Zr enrichment
using ZrCl, (bp 331 °C) ;
24-50% enrichment
possible by gas centrifuge.

of ZrCl, with *Zr

Number of ZrCl,

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

peet

Arbitrary scale

Vertex  EiSB
osition |-
di 9| p
Averaged
angle: —2 e_i 50 60 170 5;5 0
N h |t Averaged angle [deg.]

Topological information (averaged angle) of Cherenkov

lights should be different between 2vp3 and 3 + y event.

HBAYESZS 2023FFHAXE Mar 25,2023 19



Number of events

Number of events

9 )
dloh (Sadaah
5.2 b1 0560 05 1 15 2 25

X-axis [em]

Y-axis [em] 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.
BAYESZS 2023FFH K Mar 25,2023 20




Discrimination of signal and BG

D= ss
-
-
‘s
~'

-
ss

Reconstructed vertex
by Cherenkov light

Balloon or
surface of
detector

BAYEZSR 2023FFHKE
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Averaged pulse shape with 0.5ns bins

* Pulse shape of %°Sr using

+ Seinillaion ight 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/ Q.- HEre, Q;meiS FADC

arbitary scale

~\~ Cehrenkov light

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

BAYEZER 2023FEFHK= Mar 25,2023 29




UNI-ZICOS

’Co B source
/ Al plate (t=2mm)

o
.....
e,
e,
R
o,
.,
NNNNN
e,

1.3325MeV v

60
», Co
5272 yr

0.31Mev B~ 99.88%
S Ni
% y 1.1732Mev
o N
% ¥ 13325 Mev
\ Hamamatsu

3/8” PMT H3164-12
‘\ Hamamatsu

1” PMT H3167
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1.48Mev 3~ 0.12%

Total PMT: 50

60 .
-3 N1

Photo coverage : 45%

on the spherical detector



IH-NMRFI T R NARD UVRIERER ROV B R LD B NARD

Confidential
[*H-NMR, 400 MHz, CDCL,]

T EEBTaE L

bL—2FEBScrude

Hexane|

ERERRE (Hexane)
iheat {40 °C) - cool {-20 °C})

EMREE 0ra)
{heat {40 °C) - cool (-20 °C))

2BFER (Hexane)
iheat {40 °C) - cool (r.t.)] 300 350

Wavelength [nm]

UWVAEDHSR. BHERKAOEXRIEEIZ278mTHL, BELAROBRTH .

[eWine)

Synthesis of Zr(iPra€),
was succeeded.

ZrO,/Zr(iPrac),=18.5%

<l

83.76%
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