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ign of ZICOS detector
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2v-ZICQOS for measurement of 2vpp halt-life

of Zr(iPrac), whic

0.3g of %6Zr. (NEMO3 O0gy/
Expected number of 2v[3£ /
events is ~70 per yee /
NEMO-3 obtained hélf life
T,» =2.350.140.16
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*5“1 2 fl ©  Assuming Rl source
| ossany located at (30cm,0,0)
| outside of 2v-ZICOS
detector in simulation.
o * All electrons were
AR B generated by
Compton scattering.
* Only scintillation
emitted in liquid
, scintillator
f = ﬁ Cherenkov light

¢ Ea 0 ' ' ; :
S0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

Total photon vield Total photon yield

Number of MC events
Number of MC events

500

CE 22N] .
700 fllli N341keV Na

600 !
500

w0 B 1.062MeV

Number of MC events
Number of MC events

Total photon yield seems to good energy scale

AXYEZE F/RFR Sep 18,2024 4



3000 6000

8 |n fact, total photon yield
has good linearity with
3000 | il respect to the energy,
1000 2000 since simulation knows

L o @ actual energy deposit of

o k- o L

2500

2000

1500 ¢

Total photon yield
Total photon yield

0.2 0.4 0.6 Q (3.25 0.5 0.75 1.0
Electron energy [MeV] Electron energy [MeV] e I eCt ron.

6000 8000

e 7000
3000

oton yield

2 6000

4000 e
5000

al ph

Total photon yield =
total PMT charge will

3000 4000

Total photon vield

Tot

B 3000
2000

2000 E
1000

use for the energy
scale of events.

1000

o B
025 05 075 10 0 0.5 1.0 15 2.0

" Electron energy [MeV] " Electron energy [MBV{

BAYEYR F7EF= Sep 18,2024 5



nent of Energy resolution

-

1.836MeV y

352keV compton

scattering y

1.484MeV

' electron

" Cohatant
Mean
Sigma

Number of MC events
o ] (A (V] W\
o fr o1 [} [}
fom = = fam] (o)
[ fam) oo} L] e

2\;—."Zfié-6émdetector

The MC energy resolution seems to be almost _
1%, but we did not consider any experimental ’ 6500 7000 7500 8000
Detected photon yield

condition in this case.
HAYEZS F/9RFS Sep 18,2024




3. Vertex reconstruction and resolution
The method of a vertex reconstruction wag developed for such small detector UNI-ZICOS as
described in Ref.[10], however there was no clear explanation of the method in the paper.

The scintillation photon emits uniformly at the generated pogition of charged particle. In
the simulation, the charged particle (electron) was tracked at adequate step. and corresponding
number of photong were generated with uniform direction. Each photon was also tracked and
the PMT which counts photon if the photon goes into the photo cathode area. In this time, total
amount of photon corresponding energy could be tuned by 10000 photon /MeV for scintillation
and 100 photon/MeV for Cherenkov light, but we did not take into account the photoelectric
efficient of the PMT cathode.

Using detected number of photon (DNP) for #th hitted PMT, we calculated the corrected
numbet of photon (CNP) as following equation;

1
cos 6;

T

CNP; = DNP; % (d)2

(1)

where d and rshow the distance between PMT and posgible vertex position and the radius of the
detector, respectively. 8; is the opening angle between the direction of photon and the direction
to #th hitted PMT from center. After this calculation, we summed total number of corrected
photon for all hitted PMTs, and obtained averaged value for total corrected ohoton (AveQ) as
following;

1 Nhit
AveQy — m;cmﬁ (2)

where Nhitis number of hitted PMT. Then we took the variance (VAR), the standard deviation
(STD), and the resolution (RES) as following steps.

1 Nhit

- L 2
Nhét;(Csz AveQ)

STD VVAR

STD
ES
R AveQ

VAR

Above caleulation should be performed on huge grid as a possible vertex position in whole
detector region. Exactly speaking, we divided the detector into 0.1em step for 3 dimengion.
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Obtained vertex positions were well reconstructe
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o bro’non of overaqed angle
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Once the vertex position was reconstructed, we can sélect PMTs
which receive Cherenkov lights for the averaged angle.
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BB Assuming BGs from flask
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2V observation.
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0 m m|n| Pb shleld cmd Csl detector
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HAYEZS F7ORFR

Install c
clean booth at LAB-A.
Setup 2v-ZICOS detector and move insi
shield.

Install some WEB cameras and temperature
monitors including email alarm for the slow /
monitor.

Data taking hopefully will start in early sum
next year.
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Measurement of world highest sensitivity for

half-life of 7¢Zr 2vBp

Need more 2Zr isotope.
contain 8L LS corresponding to 3g °°Zr,
a bit smaller amount than NEMO-3.

® Need 32 photomultipliers to get better resolution

of averaged angle.

® Need liquid-liquid extraction for liquid scintillator/
If necessary. (caution : Humid for Zr(iPrac),)

® Need enrichment of %Zr using Gas Centrif /
with ZrCl, for Ovpp in future. Also need toKnow
sublimation point at vacuum in advan
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Discrimination of signal and BG
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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
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nderground laboratory in Kamioka mine

N2 % yikg

KamLAND
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LAB-A : Behind of LINAC control room
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