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. ) |.Shimizu, Plenary talk at Neutrino2024
anisole [T ' conference.

ol | iquid scintillator loaded ®°

Total # of PMT 65000 Photo coverage : 64%
Scintillation (energy) + Cherenkov (BG reduction)

o NEMO3 : T}, > 9.1 x 102! yrs

%Zr : 45 kg (nat.) — 865 kg(50 % enrich)—1/20 BG
Ty > 4 x 10%° yrs — 2 x 102°yrs — ~1 x 1027yrs
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Se’ru for 2v-ZICOS de’rec’ro '

e 20 2” Ultra Low BG PMT
Hamamatsu R10789.
« 16 cm diameter round bottom

flask using ultra-pure Quartz.
* 0.73L of ZICOS LS loaded 73g of Zr(iPrac),

including %°Zr 0.27g.

September 16,2025 3

BAMEFS FORFRAE



2v+7ICOS detector

e 20 2” Ultra Low BG PMT

Hamamatsu R10789.
« 16 cm diameter round bottom

flask using ultra-pure Quartz.
* 0.73L of ZICOS LS loaded 73g of Zr(iPrac),
including °6Zr 0.27g. o

9cm cubic ETFE bag for reducing external

BG _e_vents
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2v-ZICQOS for measurement of 2vpp halt-life

In Kamioka mine LAB-A : Behind i AN
of LINAC control room Now we are testing
on the ground.
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2v-ZICQOS for measurement of 2vpp halt-life

In Kamioka mine LAB-A : Behind
of LINAC control room
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Are we ready 1o start 2v-ZICOS In the mine?

To show the detector performance of 2v-ZICOS
experiment, we measured following things.

5. Is background events low enough?
6. Is background spectrum understood?

BAYEFZSR HFEIOEFERKE September 16,2025 7



7I77r7 *jr]jr’r’ [ I A A A TN T R B B
-|- events for outside of Pb shield (3days) , Entris
N events for inside of Ph shield (6days) Y .

. | 5 f "’""ﬁ"'i|"""""a'\ﬁr“ﬁ'¢f'i"ﬂw"|#"' i "III"'IH
WK 1.461MeV \

W compton edge
.

i
* 208T] 2.6145MeV
676events compton edge

s
+

147events

—
o
'P}
[

=

o

&
)
2]

=

<o

P

[
o}

LY

<

™
=7
o5
+=2
=)
o
=S
O

T Y i T TU1000 2000 3000 4000 5000 60CO
Energy (keV) Energy in keV

H3378-50 R10789

No. of BG events above 1MeV decreased about
Most of those events come from PMT origin.

We must use PMT R10789 for 2n-ZICOS
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BG measurement using 20mL quartz vial

« Difficult to measure BG events for 2v-ZICOS detector
inside of Pb shield due to limit of number of Pb block. /

« 17.5mL ZICOS LS filled in 20mL quartz vial.

* The vial contacted with XMASS PMT R10789 covered
Myra film.

* 10cm thickness of Pb radiation shield was prepared.

* In order to veto cosmic muons, plastic scintillators were
located around Pb shield.
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Compton scattering gammas from natural 4°K and 298T|
decay were observed for outside of Pb shield.

Some background events were found inside of Pb
Assuming these events from U/Th in LS, we sho
search for 214Bi -21*Po candidates (1=1.643 X 1
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* 18events have time
difference <5X10%s
except parent muon

« Parent events have
wider energy distribution
than daughter events

« Daughter events have

e narrow distribution (like
I N o quenching) //

17events looks #1Bi-21*Po
candidates. But they don’t

contribute residual events.
/
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BG events could not explain
the residual events.
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Lnteies
Moan 1317,
outside of Pb shield]

Almost the energy spectrum of
residual events is consistent
with environmental gammas
observed at outside of shield.
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BG measurement inside 15cm Pb shield
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results:

reduced about 40%

events due to attenuation of Pb

4

Most of residual events might be

caused by external gamma ray.
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Are we ready 1o start 2v-ZICQOS In the mine?

To show the detector performance of 2v-ZICOS
experiment, we measured following things.

1. Using calibration source, Is observed energ

spectrum consistent with simulation?

Does energy scale have a linearity?

Are all PMT gains adjusted for reconstructed

vertex position and averaged angle?

4. Are reconstructed vertex and averaged
angle consistent with the simulation?

@ 1
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Gain adjustiment for R10789 using GSO

KA1153
Entries 52679

KA1153(1200V) M 51

—
o]
<
<

0e]
o
e}

197Cs 662keV vy

Number of events
[ep]
(]
(o]

e
(]
jen]

1 ‘ L L L L 1 L e L, | L L L.
500 1000 1500 2000 2500 3000
energy (ADC count)




1000

zk4517

ka0090

ka0099

ka0131

1100

Y500 1400
voltage|V]

'l
1200

'l
100

L L L L
1200 1300 1400
voltage[V]

R iy
voltage[V]

100

1500 1400
voltage[V]

1
1200

100

L L L L L
1200 1300 1400
voltage[V]

ka0205

10000

ka0274

ka0278

ka0299

ka0395

100

1200 1300 1400
voltage[V]

1100

1200 1300 1400

voltage[V]

1100 1200 1300 1400

voltage[V]

100

1900 1800 1400
voltage[V]

100

1900 1300 1400
voltage[V]

ka0490

ka1018

L L L L L
1200 1300 1400
voltage[V]

100

L L L L L
1200 1300 1400
voltage[V]

kal1031

ka1043

ka1153

L L L L L
1200 1300 1400
voltage[V]

ka1369ft.dat

L L L L L
1200 1300 1400
voltage[V]

kal166ft dat

00

L L L L L
1300 1300 1400
voltage[V]

ka1262ftt dat

1000 F

kal310

1000 |

ka1340

1000

kal389

ool

ka0166

1000

kal252

1100

1200 1800 1400
voltage[V]

1100

1200 1300 1400
voltage[V]

1000 1200 1300 1400
voltage[V]

1100

1200 1800 1400
voltage[V]

1100

P
voltage[V]

1
1200




| - T Although R10789
P03} wo.Cherenko #ﬂﬁ has a slower rise
T W-Chel‘enko"ﬂjr ‘H time than H3378-50,
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R10789.
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HV ss’rem with A1932AP and SY552/7L.C
WL - |r*m=mm |

@cmsu pa  BEmwme (C€R
mmenmTmam SR o A A

« R10789 uses for posmve high voltage supply.
 We have negative high voltage supply for H3378-5(
« XMASS used CAEN A1932AP board for OD PM /
 We used CAEN SY5527LC for main frame.

Just Fit! But SY5527LC was broken due to loss

backup battery (we have same trouble last year)

September 16,2025 25
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BAYEZE FOEFRKE

consistent wi
measured by Ge detector in Ka
BG events from U/Th/K in both PMT R10789 an
vial are quite few.

Surface event rate is inconsistent with XMASS estimation.
Residual events seem to not be internal BG events. In
fact, 30~40% of residual events are caused by external
gamma.

Most of things to do before starting 2v-ZICOS experime
seem to be done, so we have moved all equipment to
Kamioka in August.

HV board A1932AP will be installed by SY5527L
HE R LT EEZERTEE(BENHLIM. (RIFAE?)
The observation will start at this Autumn. Stay tuned!
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v-ZICOS should do In Kamioka mine@¢

There is huge backgrounds for the observation of 2v[3
events on the surface of earth due to cosmic muons.

« Cosmic muon rate is ~2Hz on the surface of earth.
« Most significant spallation product is "'"C which decays in
beta plus and emits total energy ~2MeV.
« Maximum 270 events per day will be observed on ground.
« The half-life of 'C is 1200sec and the detector should
have no live-time if veto for all muons.
* Inthe mine, the cosmic muon rate will be 2 X 10-°Hz, so/

dead-time is about 2.4% even if veto for all muons.
« Expected event rate due to ""C, which is caused by

neutron produced by muon spallation, is ~20 event

BAYEFZSR HFEIOEFERKE September 16,2025 28



TMeV-2MeVFE D E R 7 L

HESEEEEEETEEE S

Nz ZECH] 1825 R/3HME

Number of events/50keV/3day

-NEE VR 1005 %/1.68H ]
e = 179 % /3H[H

Energy in keV

IQCIn Ph shield

44

+ +.p+ “
e

g Bty

Mt +++ﬂ+r++“ + “‘“w‘
1009V entﬂ;* A '

o M &R NOBMRIEIRSnGH

i Plugging cable hole 7

Number of events/50keV/1.68day

1000 2000 3000 4000 5000
Energy in keV

AXYEFE F8OEFRKRE

September 16,2025 29



BG MC from 219Bj Brems in Pb Shield
(not included energy resolution)

Events/sec/keV

Integral  0.0007066

Events/10keV/bin
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Number of events/50keV/3day
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Zr(CH;COCHCOOCH(CH,),), = Zr(iPrac), mw : 663.87
Tetrakis(isopropyl acetoacetate) Zirconium

—— emisson of anisole

---- absorption of
Zr(acach

e gbgorption of
Zr{ipcach

arbitary scale

Synthesized by
Prof. T.Gunji

(Tokyo o
University of 200 250 300 350 400 450
Sc|ence) wavelength [nm]

No commercial product

Shorter wavelength
for absorbance

7 September 16,2025
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Improve of light yield and resolution
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How to distinguish 29T and DBD

o‘..
D= s\
-
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ss

Balloon or
surface of \
detector
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Reconstructed vertex \
by

September 16,2025
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) mini hield and Csl detector

D 1000
0% - 40K(1 461MeV)Entries 1882324
. «— Mean 1087

. @ RMS 436.5

o e O 28TI(2.615MeV)

:* %:"ﬂ A
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|
500

1000 1500 2000 2500 3000 2500 4000

energy

Due to limit of number of Pb block, we will use 15cmm thickness
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Energy spectra for BG and calibration source
Compton edges of both BG 49K / 208T| gammg/and
calibration source were observed.

Energy scale looks good.
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Trigger simulation
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Energy spectrum seems to be reproduced by simulation.
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leld for 2v-ZICOS experiment

800mm
Slde ' . . . / . -

Om:
800mm
1000mm
700mm
Omm I i
0(3mmt)
il (e | | e
<>
Bom 150mm
L 1 g
Cable hOle side Fe plate(3.2mmt) to p 1000mm
000mm

« 15cm thickness of Pb shield will be constructed at pret
* A1050 aluminum box for both structure of Pb shield gngAN,
gas filling for safety issue.

« Aluminum bar structure will be constructed for odter shield.
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Simulation vertices roughly
reproduce the data. /
Extra cluster was found #
/<-3cm for data.

Need precise tuning or
adjustment of PMT gain.
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Averaged angle of simulation seems to roughly reprod ' e
calibration data (Selection of PMT which receives Cherenkov

light might be OK), but vertex still does not reproduce well.
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