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iment for 7¢Zr Ovpp observation
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_____
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Zr{iprac), 10wt.%
PPO 5wt.%

Visible Energy (MeV)

. ) |.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.
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2v+7ICOS detector

32 2” Ultra Low BG PMT
Hamamatsu R10789.
e 30 cm diameter round bottom

flask using ultra-pure Quartz.
» 8L of ZICOS LS loaded 800g of Zr(iPrac),

{ ZICOS Liquid |

including %Zr 3g. | Scntlnto
20cm cubic ETFE bag for reducing external |

BG events
= s 7o I 5 Eish R June 25,2025 4



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

In Kamioka mine LAB-A : Behind /1)
of LINAC control room Now we are testing
on the ground.
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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
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Are we ready to start 2v-ZICOS In the mine?

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

1. Using calibration source, is observed energy
spectrum consistent with simulation?

Does energy scale have a linearity?

Is the reconstructed vertex position consistent

SEN

Cherenkov light used for BG event reductio
consistent with simulation?

with simulation? /
4. |s averaged angle, which is topological infoo/

%

/ June 25,2025
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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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gamma sources.

Trigger simulation

: - - was also applied
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Energy spectrum seems to be reproduced by simulation.
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PP shield for 2v-ZICOS experiment

800mm
Slde ' . ' . / e
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000mm|
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« A1050 aluminum box for both structure of Pb shield g
gas filling for safety issue.

« 15cm thickness of Pb shield will be constructed at pre
% ‘ ’1

20cm thickness of Pb shield and oxygen free copper will be
used for world highest sensitivity measurement in next year.
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Gain adjustment for vertex reconstruction

« Measure the scintillation caused by electron (B) emitted by %
source via narrow hole.

« All PMT gains will be adjusted within a few % by High v

« Verify the consistency of vertex distribution between
simulation.

« Confirm the averaged angle distribution as expegted.

nd
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ain adjustment for vertex reconstruction

.

- -‘- -.
i

T 20 30 40 50 60 70 80 90
. averaged angle [deg.]

Measure the scintillation caused by electron (B) emitted by °¢
source via narrow hole.

All PMT gains will be adjusted within a few % by High v
Verify the consistency of vertex distribution between
simulation.
Confirm the averaged angle distribution as expeeted.

and
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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 understoogd”

SATE S (A R THER SRR SCHS IR 13



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 scintillatetrs were
located around Pb shield.

TR FEMEE (AN THER IFBEMRES June 25,2025 14
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Compton scattering gammas from environmental °K a
208T| 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 sh
search for 214Bi -2'4Po candidates (t=1.643 X
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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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Even more 50 times larger
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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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consistent with re
measured by Ge detector in Kami
(https://doi.org/10.1093/ptep/ptad136)
BG events from U/Th/K in both PMT R10789 and Quartz
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 experim /

seem to be done, so we will be ready to move all
equipment to Kamioka at next month.

Safety equipment will be also prepared by September.
The observation will start at this Autumn. Stay tuned!
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BG MC from 219Bj Brems in Pb Shield
(not included energy resolution)
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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

June 25,2025
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Improve of light yield and resolution
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7/

Zr(iPrac), absorbs the scintillation 13.0+2.0%

photomianaim=t === \V40%/9%*0.72*3.35MeV/1.03MeV
resolution worth, however PPO could

improve them.

=4.1%£0.6% at 3.35MeV

FMEZERE(A) B THERIBHEARS




How to distinguish 29T and DBD

o‘..
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-
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ss

Reconstructed vertex \
by

Balloon or
surface of \
detector
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