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Qﬁ . Introduction .

Neutrino-less double beta deca

OvBp

* The search for neutrino-less double beta decay (0vpp) is one of
the preeminently important topics in modern physics [1].

« The discovery of OvBf implies important physics related to the origin
of matter: the Majorana nature of neutrinos and the lepton number
violation. It can also reveal the absolute value and hierarchy of
neutrino masses.

« Since 0vfp;
is extremely rare signal - Low background (BG) condition !! 10 /\ Fig 2

has a peak at Q-value -> Energy calibration !!
08

Double beta decay of 4°Ca / \
/ evpp |\

0.
« 48Ca has the largest Q-value (4.27MeV) among all the OvBp nuclei ﬁ
and its higher than any natural radioactive BGs.
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o4 There are many natural
radioactive BG in the energy

. : 48 i i
Double magic number nucleus, “°Ca, is also the lightest double beta region below 2.6 MeV.

decay nucleus. Therefore, it is suitable for the calculation of nuclear oz 4

. . . . . Ovpp
matrix element by shell model, and it is considered to be an interesting N
target for double beta decay search. % 5 1000 2000 3000 4000

[1] M. Dolinski et al., Annu. Rev. Nucl. Part. Sci. 69, 219 (2019) Kinetic energy of 2 electrons (keV)
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>F 3. Low background +echmques T<

Pulse shape discrimination analysis

Ovppsignal ?? External Yy BG

respectively. so called (n,y), e.g. 7.6/ 9.0 MeV of Fe / Ni [4].
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* a-rays and B-rays in pure CaF, crystal are also possible to identify using £ 1 corral BG T gl u,
_ JUTE fodl o Mlysidl AT dist) PUooSIVIE 1L MBIy Uil ternal BG. oo 0T AR ] - L
pulse shape information. (W TI & 21BiPo) i'| |r’ |
 Itis used to eliminate the 21°Bi-?'Po sequential decay and the B+y decay =Y DU DU DU I P Y I I Imh”

of 298TI, both from Th impurities inside the crystal.

* For more details on the CANDLES waveform discrimination analysis,

please refer to the following paper [3].

[3] S. Umehara et. al., J. Phys.: Cong.Ser., 1643 012028 (2020)

* The time constant of CaF, and
LS is about 1 ys and 10 ns

Shield construction for (n,y) reduction

When thermal neutrons are captured in rich
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Energy (keV)

v' After installation of the shield, (n,y) BG level has been reduced by

material surrounding the detector such as rock and
stainless steel tank, high energy y-rays are emitted

"'_‘\\

‘3 »

« We constructed a shield against (n,y)
reaction on rock and stainless tank in 2016.

« The shield consists of Pb blocks (7~12 cm
thickness) and Si rubber sheet containing
40 wt% of B4C.

two order of magnitude as shown in Fig. 5.

[4] K. Nakajima, T. Iida et. al., Astroparticle Physics, Volume 100 (2018), Pages 54-60
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2 The CANDLES-IIl detector |~ —

« CANDLES aims to perform the world's most sensitive 0v33
search by studying 48Ca.

20” PMT
* The CANDLES-IlI (U.G.) detector is constructed 1,000 m

underground in Kamioka observatory, Japan (Fig. 3 and [2]).

Stainless Water Do WL A v' 96 pure CaF, crystals (305kg)

S \ &7 e 2 ] — 13°eMT > So far, natural abundance Ca was used (350g of 4éCa)
e 62 photo-multipliers (107, 13” & 20” PMTs)
Cooling system (CaF2 cooled down to ~4-5°C)
Magnetic cancellation coil (< 40 mG at PMT pos.).

-> Light yield = 1,000 [p.e./MeV]

CaF2 v 4r active shield by liquid scintillator (LS)
> Time const. = 1ms for CaF, / ~20ns for LS

Wavelength shifter v" 500 MHz Flash-ADC open ~9 us window to read
(280 nm = 420 nm) out waveform of all PMT.

[2] T. Tida et. al., Journal of Physics: Conference Series 718 (2016) 062026
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Fig 3

Taking the advantage of high Q-value of 48Ca, we target background free measurement !!

———| 4 Energy calibration at 4.27 MeV

2/ ndf 4583 /11
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« While high Q-values of 48Ca makes low BG environments, it also make it difficult to calibrate % 1Ot : 288| s T e e % 0070 o
the energy in Q-value region due to the absence of standard -ray source. S ; 1H 2os-|-| N { ?BNI S 0065—
y 4= Y] E— S SR O T SNRURRUIORS UL SO S R Wb, = % ; T ; i i
o -rav from neutron capture on nucleus (Fe / Ni / Si etc.) can be a aood calibration source e - .5'1' . : X o5 % gg\rr:
! 48 I e e T - oKt e, TMiswork
around “°Ca Q-value of 4.27 MeV. (see table) Neutron cross section y-ray encray  Branching ratio T aay ...... - fh'.'s’ m,k _________ - o0s qflﬁ
* We have developed the new calibration oS 0-177 barn 3,939 keV 07.2% Ogg_mK 003~ oen ?H zogﬂ + +
system using these y-rays (Fig.7 and [5]). 4,934 keV 03.3 % b o.ﬂzf—-----------
y g y-rays (Fig [51) Fe 2.59 barn 7.631 keV 25.2 % - I R R - 2881 : kP e
7 b _ y 5 o : : 5 :
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Energy jkeV]
<7 / Heutron . Observed Energy [keV] Observed
L N L [5] T. Iida et. al., Nucl. Inst. and Meth. A, Vol. 986 164727 (2021)
ZT_' g(' ) 2520§ (n,y)
Vieml ||/ — Calibration results
= = —— — — - |/ Si/Ni block : _—_—
I > ,
HHEHH Paraffin ,' _ Energy scale o
el HHAHR A » vy-rays from neutron capture on 28Si (3.54 MeV, 4.93 MeV), %6Fe (7.63 MeV, uncertainty <0.3% @4.27 MeV
| BEEHE 7.65 MeV) and %8Ni (9.0 MeV) are analyzed using the calibration data.
=oizteis - Energy dependence of energy scale and resolution are shown in Fig. 8. Energy resolution  2.4% @4.27 MeV
il A A « Good linearity and resolution are obtained using this new calibration

Water

system in CANDLES !!

For the detail of energy calibration in CANDLES, please see the paper [5].
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>T 5. Analvsm result and future prospec+ T<

Background reduction

 0vpp search was conducted using 130-days data in region of interest

Future prospect

corresponding to —1 sigma +2 sigma from Q-value. »  BG level of ~10-3 evlyr/keVI(kg of "a-Ca) was achieved for the
* Applied cut criteria for BG reduction are summarized below. The analysis with all crystals. (Fig. 9 (a)) «  We are developing new high-
colors are corresponding to the colors of histogram in Fig. 9. « If we select the crystals whose radio impurity of Th chain less than purity CaF, crystal production
1. No cut 10 uBq, background free measurement was achieved !! (Fig. 9 (b)) techniques with crystal
2. External y-ray cut by LS active shielding  Observed energy spectrum near the Q-value region was well company.
3. 212Bj-?12Po sequential decay cut using waveform information. reproduced by simulated one (Fig. 10).
4.  [+yevent of 298T| (Q-value = 5MeV) rejection using delayed

coincidence method by tagging parent ?'°Bi « decay
Reconstructed event at the CaF, crystal position

&

T, > 5.6 X 10?2 year was obtained as an upper limit of “¢Ca 0vfp half-life [6].
[6] S. Ajimura et. al., Phys. Rev. D. 103 092008 (2021) «  We will replace the current crystals whose radioactivity is high with

shown in Fig. 11.

10° . , these new clean crystals to enhance the sensitivity of Ovp[3 search.

” X 0TI A\l | € i ’
_ - 17 > Th chain < 10 uBq/kg ANAIWITIRZE N ETE
0 S < Bi-Po —— o _
- B 2w 20 (n.y) Livetime 130.4 days -  For further future, scintillating bolometer using CaF, [7] and
g " n 3 o S | | T Ovpp eff. 37.5 % 48Ca isotope enrichment technique [8,9] are also under
g “‘H‘_‘__‘___ 2 10 e 5 | Events in ROI 0 development.
m o 2 ,
B[ L &Y E o | Expected BG 1.0 [7] K. Tetsuno et. al., Journal of Physics: Conference Series 1468 (2020) 012132
i .} Fig.9(a) “ b Fig9(b) (@ - - 1 > 22 [8] T. Kishimoto et. al., PTEP (2015) 3 033D03

All crystals 21 crystals ' / limit > 5.6 X104 [yr] [9] K Matsuoka et al 2020 J. Phys.: Conf. Ser. 1468 012199
| ST PP PP PO L”- el B I.'.IIJ- ' . __L_LII:'II'I [ oL Lol bl N - OVﬁﬁ
teoRoEs Rd a8 Ad A shas Bl 1AED 25 3085 40 45 50 85 60 56 35 40 42 44 46 48 50 52 Sensitivity 2.7 X 1022 [yr] Stay tuned for future CANDLES results !!!
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« Radioactivity of newly produced crystals are all less than 10 uBqg/kg as

10 20 30 40 50 60 7() ‘f() 9() 100

Radioactivity(uBg/kg)

|

™ \'\\Wé}

JVeW £0llﬂﬂ0 5 1.9' Wﬂlli 0’ !!/ '

Q jcl‘ﬁjc% @RCNP

OSAKA UNIVERSITY

AR RRAR e 5 -

Diixe HEsx s

UNIVERSITY OF FUKUI

The University of Tokushima

@IHEE%K% OSAKA SANGYO UNIVERSITY

@@ AR N

University of Tsukuba

Contact : tilda@hep.px.tsukubai.ac.jp


https://iopscience.iop.org/article/10.1088/1742-6596/718/6/062026
https://www.sciencedirect.com/science/article/pii/S0927650517302839
https://www.sciencedirect.com/science/article/pii/S0168900220311244?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168900220311244?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092008

	スライド番号 1

