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iment for 7¢Zr Ovpp observation
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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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650 Pb plocks was used for radiation shield with The first data taking
15¢cm thickness.

- All safety issues such as fire alarm, leak sensor implemented over 50
etc were installed before starting experiment. hours from November

nd th
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7" ETFE bag ™0

.............................................

| ZICOS Liquid |

i Seintillator

. 20 2" Ultra Low BG PMT N ] N
Hamamatsu R10789. | D= |
* 16 cm diameter round bottom
flask using pure Quartz GE214.
* 0.724L of ZICOS LS loaded 69g of Zr(iPrac),
including %¢Zr 0.27g. 9cm cubic ETFE bag for
« Expected 2v[3p events ~70/yr reducing external BG
events
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Energy calibration and DAQ for 2v-ZICOS
detector
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« 137Cs, 0Co and %2Na source were used for ener

calibration. (please look at Kato-san’s poster P
* Those sources were located at front of Al w
» All data were recorded by V1742 digitizer
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> Period : 2025.Nov.22nd — 26

» Calibration was done before and after BG run.

» Background run without front Pb shield : 100800sec
» Background run inside Pb shield : 180000 sec

PR -  Only few muons were observed
S even half day measurement.
Il - Environmental y events from 40K
;*"|*|||*m“|“| ||||“”|*"|f|| and 298T| were observed in case
1 of without front Pb shield. /

 Those amount was about 10
times higher than events o
e ground.

_.
oI

1,
LU

._.
oI

iy

Number of events/50keV/sec

At maximum, an environment y event rate might be
100 times higher than event rate on the ground.
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« 2.615MeV y events from
208T| were observed.

« Despite of 104 reduction
for environmental y with
15cm PDb shield, BG rate
was 3 order magnitude
higher than expected rate.

« Peak around 600keV./

aaaenwemy o Shoulder events abov
Energy in keV /

+ without front Pb shield
+ inside Pb shield
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2.6MeV

Measured event rate is over 4 order magnitude higher

than expected 2v event rate (~10-" event/s/50keV)
/
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Number of events/0.01ms
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+ inside Pb shield
events with At<lms

2000 3000 4000 5000
Energy in keV
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0.1ms< At<1ms 1250events
(+650events). No event
At<0.1ms due to dead time.
Time slop is consistent with
214Po lifetime.

Parent events look have a 3
spectrum of 214Bi decay.
Peak at ~600keV should be
caused by as of ¢'4Po decay
Amount of 2'4Bi 3 decay ey

(=33 order magnitude

than 2v[3p event rate.
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Elapsed time [sec] ™ 100

Slope is inconsistent
with lifetime of 422Rn
decay.(T,,=3.8235days)
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+ 2MBi-2Po candidates
211B1 decay in liquid
‘I 1 scintillator (simulation)
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Spectral shape is alm
consistent with 214Bi
decay in LS obtairied by
simulation.
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Slope is consistent with
lifetime of #2°Rn decay, if

40events/10000s due to
226Ra decay constantly.
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+ 2MBi-2Po candidates
211B1 decay in liquid
‘I 1 scintillator (simulation)
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Spectral shape is alm
consistent with 214Bi
decay in LS obtairied by
simulation.
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Background measurement using Ge detector

2024/11/07 LabCO02

sample 224.6g, 35.2days

summary table value error limit
3 = SN — unit: MBA/ke FOK 6.03 7.40 15.50
E, o e ws U value error limit
g o éﬁg@” n;a:éé 234Th -8.75 10.21 13.07 value error limit
2 . Skﬁmmm o 234Pa 49.10 55.15 118.69 137Cs —0.14 0.76 0.97
8wk i U 226Ra ~13.43 9067 11608 134Cs 004 053 0.72
. ; 214Pb 0.26 3.30 4.43
T e e 214Bi 272 1.33 4.42 value error limit
210Ph 98.94 55.91 170.51 235U 0.56 5.01 6.97
1072 s _ [ Mid.U-chain 2.72 1.33 442 231Th 7.46 10.10 20.38
: ; 1 ik UpperU-ch -6.83 10.04 12.85 231Pa -26.28 39.40 50.44
it arl 227Th 3.94 9.07 15.55
: Th value error limit below?2?3Ra -3.86 2.57 3.28
102 I Il 228Ac 1.85 1.96 4.36
R ii 212Ph 2.38 1.66 451 value error limit
0 500 1000 1500 2000 Energgtfgev] 212Bi 0.69 7.94 10.85 54Mn -0.63 0.58 0.75
208TI -2.20 1.43 1.83 58Co 0.19 0.50 0.83

Th-chain

1.41 -0.57

value error limit
138La 0.41 1.40 2.20

limit

60Co 0.607

BG : BG_20240909.dat eff 1 20241107_ZICOS_LS.eff

2381 upper 238]) middle h-chain h-chain U-235 U-235 K-40 Co-60 Cs-137 Lu-176
(ZSSu) (ZZBRa) (ZZSRa) BTh) (ZZSU) (helow223Ra

<12.85 2.72+1.33 <4.36 <1.80 <6.97 <3.28 <15.50 <0.777 <097 <0.66

2.72+1.33mBqg/kg 5.7mBqg/kg (cehstant)
Almost consistent with measured value by Ge
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~ L TBipt M Energy spectrum of 208T|
o, | OTLBHY beta decay should have
. + (Total 80,000 events) . :
a higher energy tail than
that of 214Bi beta decay.
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Not so much Th-chain %

background exist in
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Energy in keV

liquid scintillator.
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Spectral shape around Major gamma spec
2.4MeV is consistent with from U/Th series gp
2.6145MeV y from 208T|, ~ were observed.
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Background y events from Quartz

Bifi7 : ng/g
sk K Th U
FhIER (FEEEEYTOE)
SILAZIA -
T IR 400 50 50
XFJPD[ - IR, EETRUTTHAEZRLET,
{7 : ng/g
sl K Th U
MIE{ESLI=UA - - -
TR IR 200 50 50
xFROI— 1FEL T EETFREUTTHACEEZRUETD,
{7 : ng/g
siRkE K Th U
RQ200 330 42 64
GE214 180 15 29
EE TR 5 1 1

232Th : 6.09 x 10°Bq/g

238) : 3.58 x 104Bq/g

40K : 5.59 x 10-°Bq/g
3 order magnitude higher level
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Present status and future plan

Clear 1250 even

we need dlstlllatlon for Anisole and . for
synthesis process of Zr(iPrac), to reduce %?°Ra
contamination.

External y events from Quartz could be 3 order
magnitude higher. However, major ys might come

from Al structure of PMT mounting jig? Need cle
material such as a

as scheduled of this project.
Need 20cm Pb shield (15+5cm thickness)to reduce
sufficiently events from environmental
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for 9Co data.

f I ‘ * Tuning parameters
B - UM RTINS are refractive index

of LS for reflection +
refraction of light
N i between liquid and

vertex ylem] vertex \[:‘;;1} i a i r a n d I i q u id
e B AT e B S scintillator level.

* Vertex position g
data are almo
reproduced by
after tuning.
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* Trigger simulation was
used for number of
: SR N photon received by
PMT#1 and PMT#20.
« Typical trigger efficiency
around 600keV is 70%.
* Therefore 214Bi-214Po
candidates could be lo

1000 1500 -0 7H00 10000

il about 30% in DAQ.
 Calibration const
MC was also o
by same method as

ed
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