Status of 43Ca double beta decay search with CANDLES
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| . 48Ca double beta decay

2. CANDLES III at Kamioka obs.

Neutrino-less double beta decay :
Double beta deCQy Tesﬁng quorqnq nature [CANDLES III 300kg CGF2 scintillator sys’rem]
*Observation of neutrino-less double beta decay(0Ovpp) is one of the Fig 2)

interesting topics in particle physics and nuclear physics.
*Measurement of Ovpp provides a test for the Majorana nature of neutrinos.
*And it gives an absolute scale of the effective neutrino mass.
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Neutrino-less double beta decay

Two neutrino double beta decay
predicted half-life > | 02%year

*half-life "10!9 year

-already observed *beyond the Standard Model
for some nuclei Lepton number violation
V &V
Fig 1) Testing Majorana nature
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Detector components

*main detector :

305kg CaF, scintillator
d6modulesX3.2kg
+48Ca:350g
time constant:” | usec

‘veto counter :

Liquid scintillator (LS)
‘41 active shield(2m3)
‘time constant : “20 nsec
62 Large PMTs

water as neutron shield : in the main tank
- 10B sheets as thermal neutron shield : 5mm thickness
*Pb bricks as y-ray shield : 7-12 cm thickness

By the shielding system('°B and Pb) . ..
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* ¥ -rays from neutron capture were reduced
with BG rate ~ | F4I1§)|() see ref |)
e [

. Nakajima et al, Astroparticle

Phys, | 00, (201 8), 54-60
Why 48Ca? Energy calibration in high energy region . . .

4“8Ca double beta decay

Low background condition!
Q;;(4.27MeV) is higher than the other double beta decay nuclei.
-> We can expect the low background condition.
< because Qg; > background candidates(29%Tl, 2!4Bi) uncertainty < 0.3%

\_

*New calibration system by using 28Si, °°Fe and 58Ni

rom neutron capture(see ref 2)
CANDLES III has good energy linearity above 3MeV :

Ref 2 : T. Iida et al, Nucl. Inst.

Enax= 2.6MeV(298Tl, y-ray), 3.3MeV(2'“Bi, p-ray) Meth. AG86, (2021), 164727

4. New analysis for CANDLES III

[ Main backgrounds  2°8Tl and 2!2Bi2!2Po (Th-chain) within CaF, itself ]

3. First result of double beta decay measurement

[ Half-life limit, obtained from first measurement J

Energy spectra with (high purity

CaF,) and (all CaF,)

Fig 3) 21 crystals = experimental data
— BG simulation(all)
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- Ovpp search was conducted by using 130.4
days data.
*Analyses for selection of the Ovpp candidate

events are followings;
| )No LS hit

— contamination in CaF,(sim)2)Noft 212Bj212pPo, not 298TI(see next section)

(¢°8TI and 1“Bi*1°Po)

— 2upp

3)Event on CaF, position

Table 1

Live time

130.4day

OvB[3 detection efficiency  0.36(21CaF.)
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Results(details are shown in Ref 3)

-Expected BG event rate |1 0~3 events/keV/yr/(kg of
natCa) was achieved = low background condition!

T *There is no events in Q; region with high purity
crystals. (see fig. 3))

‘—Jt *Obtained half-life limit was comparable to the most
stringent value for “3Ca(see table |).

= *Main backgrounds were radioactive contamination in
CaF, (see next section)

co 5o 54 °Theobserved energy spectrum around the QpB region

Energy(MeV) was well reproduced by the simulation. (see fig. 4))

Ref 3: Phys. Rev. D103, (2021), 092008

5. Development for next generation detector system
*The requirements for the high sensitive measurement to observe Ovfp (for <mv> < |0 meV)
(1) a large quantity of 48Ca : 48Ca has small natural abundance 0.19%. - 48Ca enrichment

Th-chain 212Bi 2!2Po events Rejection of Pile-up events (2) a detector system with high energy resolution(1.0 % at Q4;) =>scintillating bolometer
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Fig 6) Experimental Setup

*In LIS, Ca beam is bent
y irradiation of blue laser

[ 48Ca enrichment by laser isotopic separation(LIS) J [ CaF, scintillating bolometer J

Fig | 0)Experimental Bolometer subgroup

Setup

by removing position
dependence(Fig | |). : ol

; . 422.67nm). H
2087 events bt TIMeV Rejection (WIThlarge a1) plate Deflection SWhen the I)aser has sefsor
events by 2!2Bi(prompt) tagging laser narrow linewidth (4"80. I pm), o Ihermal
€mmmmmmmnne . =~  we can bent only **Ca by Light
[ New analysis for 298TI rejection J [ New analysis for 2!2Bi rejection J S the laser. signal
*We will apply likelihood analysis by using; .\we wi : N Ref 7:K. Matsuoka et al,
\ . : *We will apply CNN analysis for o .
zogf : time difference between 2'2Bi and 212Bi212Pg events with small At. Beam oven a ‘(J).IOZfII?;C‘?ys. : Conf. Ser. 1468, (2020),
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time loss for 2!2Bi tagging

Ref 4: Presentation by Y. Minami in Ref 5:T. Batpurev, D thesis, Osaka Univ.

TAUP202 | Ref 6:T. Sakai, JSPS meeting, 2021 effect with laser on.

We can find clear isofcglgi]c Ref 8: Presentation
by I. Ogawa in SPLG202 |
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-We obtained good o 7
energy resolution 0.18%: |

AMoRE subgroup

We started to develop a
scintillating bolometer
with large CaF, crystals
with Korean group.

*We have succeeded signal
read-out of scintillation
and thermal signals from
CaF, at the same time.( see
ref 9)
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*(Fig | I )For removing test of position
dependence, we used “222Rn —218pg
consecutive decay”

Ref 9:K. Tetsuno et al, J. of Phys. :
Conf. Ser. 1468(2020)012132

6. Summary

CANDLES is the detector system for
48Ca neutrino-less double beta decay
measurement.

*We have obtained the first result from
| 30.4 days measurement.

*The BG event rate 1073
events/keV/yr/(kg of "9'Ca) was
achieved.

*Obtained half-life limit was
comparable to the most stringent limit
for 48Ca.

*In order to reject main BG events(208T]I
and 2!2Bi?!2Po), we will apply new
analysis(likelihood and CNN).

By using 652 days data and new
analyses, expected half-life sensitivity
will be longer than 1023 year.

*For future improvement, we started
development for new techniques.-
enrichment : We found isotopic effect
by using laser isotopic separation. Now
we started system design to reach mass
production ~ | mol/year.

scintillating bolometer : We have
succeeded signal read-out

of scintillation and thermal signals
from CaF,. Energy resolution is
affected by event position dependence.
We started the censer design to avoid
the position dependence.
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