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Double beta decay — —— The CANDLES detector —

CANDLES aims to perform the world's most
* Neutrino less double beta decay (0vBp) — A sensitive 0vpp search by studying “3Ca.
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occurs when neutrino is Majorana particle. T ARPE D .. The CANDLES Il (U.G.) detector is currently
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* « observation of Ovpp would proves; . 2 'y//c'”m' running 1,000 m underground in Kamioka
Sminkesweter \ Sl Thne 48 observatory, Japan [1].
" . - « 96 pure CaF, crystals (305kg)
' * o
N\ 0 Majorana nafure.of n.euirmo + 62 photo-multipliers (13" & 20" PMTs)
O Lepton number violation - Light yield = 1,000 [p.e./MeV]
o | 2BB O Neutrino mass and its hierarchy , * 4g active shield® by liquid scintillator (LS)
I Thefe eve many natieal Wavelength shifter - A== X Time const. = 1us for CaF, / ~20ns for LS
radioactive BG in the energy
ozl R e OvBp has a peak at Q-value. >48Ca has largest Q-value (4.27MeV) among all the 0vBp nuclei.
ovep | « Since OvBp Is extremely rare phenomenon, . .
/ N\ L Taking this advantage, we target background free measurement !!
0 6 Tooo 2000 3000 4000 low background (BG) condition is important.
Kinetic energy ot 2 electrons (keV) [1] T. Tida et. al., Journal of Physics: Conference Series 718 (2016) 062026

Shield construction for BG reduction « Ovpp search was conducted in region of interest corresponding to —1

sigma +2 sigma from Q-value.
« Crystals whose radio impurity of Th chain less than 10 uBg were selected.
« Other background were rejected analytically as follows.

— Recent progress ———— Ovpp search result | —

When thermal neutrons are captured in rich material surrounding
the detector such as rock and stainless steel tank, high energy y-
rays are emitted so called (n,y), e.g. 7.6 / 9.0 MeV of Fe / Ni [2].
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» We constructed shield against (n,y) reaction = = O External gamma ray BG whose LS deposit >  &m OYEB Gar('dldai)ie ?
- N RN W CaF 1 | 8

‘ ~ G _____ e shicld v Conine 2640 | SR . :
thickness) and Si rubber sheet containing 40 B hot iR Wj 5:,9:3 o Eoo:.nj((z;;;) dlscrlmlnatlogognethod (See_rlght figures).
wt% of BaC. s B l | U o B+V event O_f TIH(Q Value_ - _5 MeV) was SOV OO, T T T T
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as heen re tﬁce_ h{f'wo order of magnitude Y R s /[ ......... ey O 212Bj-212Pg sequential decay were rejected faw Ext. ¥BG 22
wn In Il igure. = I ¥ ? : : : F T ar 3
as sho < rightigure ) | Internal BG 1 B ”'|| ----- HI] ------- --------------- using waveform information. I s
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Volumme 106 G019, Pagos SEG0 e “H’ Ty > 6.2 X10° year was obtainedasaupper | -

. . Quae limit of 48Ca double beta decay half-life. i 0 0 90 S0 B S0
Enerqgy calibration o T 1 1 . Time (ne
S L wmn | 4w Exp. Data and BG MC in 27 CaF?

° Gamma_ray from neUtrOn Capture on nUCIeUS = 15— ..... ..... _'I'-.ki ..... ...... ...... ....... ....... _____ J | ”j ; | | | Exp Data n
(Fe / Ni/ Si etc.) can be a good calibration - Q'v ------- RN Thrk ------- e s Q . IMC Total _ 95 CaF2 27 CaF2 ~
source around 48Ca Q-value of 4.27 MeV LT S o Liveti 131
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* We have developed high energy gamma ray S E N R N N A B : :
calibration source by means of y-ray from “97_88Y 7] S— 2vBB Do E e Wik == Wil
neutron capture reaction on various nuclei. 0000 2000 3000 4000 5000 6000 7000 5000 'g'oio'o'iéounF _ : Event in ROI 10 0
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Good linearity and resolution are obtained using ..., i ] e IS - W -1 B RS SR 1 S e 11 19

this new calibration system in CANDLES.
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| Results |EEWESNENINRLC AN b B SNL T sensitivity () 62x102 361022
aevent ¥ T Moo= 53002000 500 "L;mr) B :'{fqrm % Th chain < 10 uBa/k
B T P e S N nergy(keV)
El?r]eggrytasiz?le < 04% @427 Mev DUQE_HI;S{;:QESIM‘ . | |
Enel’gy resolution 2.6% @427 MeV 00: T 'énidd 's'nio'o' '4'ni0'n!]' 's'oiob' 's'nin'o' 966 's'niob' 'g'niob' 10000 "
Obsarved Enargy loV] beta decay experiment !

——  Study for future @ |——

I'm trying to develop Cal, scintillator independent from
CANDLES for future dark matter and 0vgf search [3].

Calcium lodide (Cal,) scintillator

Merit and Demerit of Cal2

© Merit
v" High light yield - 2-3 times larger than Nal(TI)

: (T N e A8 \\\CI(@ |
« Cal, is an inorganic scintillator whose light yield is larger v Large WIMP cross section = dg; X A? (A=127 for |) ~ o 'R %"Eh ’ ’;
than Nal(T) scintillator commonly used in this field. v No activator or wave length shifter (e.g. Eu, Tl) |
» | successfully developed a crack free Cal, scintillator = High attenuation length & Easy enlargement ?

crystal collaborating with IMR in Tohoku University. v’ Cheap > Calz is even used for dog food!
 Obtained light yield was 2.7 times larger than Nal(Tl)

. ® Demerit @
and 10 tmes larger than CaF || v High cleavable property (weak for shock) ¢ kp&k—?- RCNP

« (Good energy resolution, 3.2% @662keV, was achieved. OSAKA UNIVERSITY

. Next, construct a proto-type detector with a few kg of v' Strong deliquescence (weak for humidity) o ALY RNEAR Y 5 -
Cal2 scintillator for more detailed performance study. n) ;éxﬁytﬁ a @ % t $
Ca Summary table of scintillator performance (u Jj IHIT NG ﬂ]—p N e o
e e Cal, scintllaior, Nal(TI) Cal2
2 ‘ Light yield 39,000 ph/MeV 107,000 ph/MeV @*B§E¥X$ OSAKA SANGYO UNIVERSITY
£" . E resolution 6.4% @662keV 3.2% @662keV
S AE/E=6.4@662keV Emission WL 420 nm 410 nm ]/33: {& l .
3 Time constant 230 ns 834 ns @
3 "H " il Density 3.67 glcm3 3.97 glcm3 University of Lsukuba
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