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OvB search with 136Xe

World best limit on OvBp
T1/2 > 1.1 X 10%° [year]
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Sensitivity vs Live time

BG rate
0 evt/y (BG-free)
1 evtly
10 evi/y

) What's breakthrough?

OVvPPERILIEF(ZFH75T=d0. LIT DL L)
RUE BT HEL BB,

+ BB vH TSI F (B6) Bk S

BCaDQfE(F4.27MeVELROVPPRERIER R TR K U/ThRFIDR—4
R TIRICEEAREL, BGIZRRWVETH D, MATRAS VFL—43
ICKBDT VT4 BER+HEERKFRIVRDI—ILFEA,

« BIRILX—9REE
OVBBE2VRRZE R BT ADT=-DIZE R fREEN WA,
IRDIRILF—DERRE(Xc~2% @4.27MeV,
JFEEEEL T CarROA—4" (6~0.3%)ERFE P,

« XEDENX
8Ca) BARTFTELL(F0.187% EFER T ALY,

“SCaE iR iEfEE AR D, FERFETRET)
IR, ERAEXE RO COENEHBEEZZER LTS,

3 T. Kishimoto et al., Prog. Theor. Exp. Phys. 033D03 (2015)
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Sensitivity vs Live time

BG rate
0 evt/y (BG-free)
1 evtly
10 evi/y

) What's breakthrough?

OVBPERILIE = (= F7w7=80, LI FDfLL)
REEiGI=TWED DD, il

+ BB vH TSI F (B6) Bk =0 |

BCaDQfEIE4.27MeVELROVPBERIEZ P TR A U/ThRIIDA—4
R TIRICEEAREL, BGIZRRWVETH D, MATRAS VFL—43
ICKBDT VT4 BER+HEERKFRIVRDI—ILFEA,

« BIRILFT—HREE Mainly focus on BG today!!
OVRBE2VRBZE R BET HT=-DIE N EREEA WAZE,
IRIKDIRILF—FREEIXc~2% @4.27MeV,
JFEEEEL T Car2r RO A—%" (6~0.3%)ZRAFEH,
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IR, ESKELEXZFZ BT ENDBEEEZZRL TS,

3 T. Kishimoto et al., Prog. Theor. Exp. Phys. 033D03 (2015)
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CAlcium fluoride for studies of Neutrino and Dark matters
by Low Energy Spectrometer

« CaF, #5f (T ~1lusec)
10><10><10 cm3><96’7'( Jr300 kg)
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The CANDLES Il (U.G) detector in Kamioka observator

CaF2 crystals
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CANDLES shield overview === CANDLES tank

= Pb shield (7-12cm)
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External y-ray reduced by the shield
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Bolometer developmen

* Now 29Tl is dominant BG and 2v[33 is almost ; I_IE \ wms;;?o'o?.ev : OVBB
negligible in the current sensitivity. 5 |
* However, 2vBB will become main enemy for 10 r
future after 8Ca enrichment. T
* Better energy resolution is necessary. = 4 Pp:4.0%
Scintillator - Bolometer OVPB:0.5%

Lanaals [N X1 PPON AN | alaasist
4100 4150 4200 4250 4300 4350 4400 4450 4500

* New BG appear in bolometer. Energy(keV)
“8Ca Qpp: 4268 keV /238U Qo : 4270 keV >IN ougp regon
Need particle ID = Scintillating bolometer “*™" | ’/ F
(SC‘"‘“'"’-“""S‘B"“” ightderector  The technique of scintillating | <"
X bolometer was already -

|
4.27 MeV

established.
— CRESST-Il (CaW04), Lucifer, AMoRE

Thermistorl
(heatsignal)

Reflection
Film

e Simultaneous measurement both heat and scintillation
O Heat signal enables to identify the particle types (/B particle ID) .

— Scintillation signal




Bolometer development

Dilution refrigerator
* We will use the dilution refrigerator which was developed
for the dark matter search with LiF by the Univ. of Tokyo,
and was customized to low BG measurement.
* Cooling power is 2uW @ 20mK

Target
e 2cm cube of CaF2 crystal (25 g) in the initial stage.

 Temperature rise at Q-value is 1.43 X 10-1 K at 10 mK.
* Neutron Transmutation Doped Germanium(NTD-Ge)
thermistors borrowed from the Univ. of Tokyo.

Schedule Please see Tetsuno’s poster

/2016

Achieve low temperature (~a few K)  Done//
e Achieve ultra low temperature (~10mK)

* Detect heat signal

2017 -+ Addalight detector to bolometer and achieve the
simultaneous detection of heat and light signals
\ * Increase crystal size and number /




48Ca enrichment

Natural abundance of 8Ca is 0.187%.
Commercial ®Ca = too expensive (MS/10g but kg-ton)

Developing enrich technique of 48Ca is crucial for large
volume DBD search.

Challenges in CANDLES:
— Crown ether resin + chromatography (Osaka, TIT...)

e 1.3 times and cost down - Journal of Chromatography A
Volume 1415, 9 October 2015, Pages 67

— Crown ether + micro reactor (Osaka sangyo)

— Laser separation (Fukui)
* Good separation but smaller productivity

— Multi-channel counter current electrophoresis (Osaka)



Multi-channel counter current electrophoresis

Electric-Counter . S i ing diff f migrati
fiejd errent eparation using airrerence or migration
Tt speed between #°Ca / 48Ca.
| * Principle was demonstrated.
 Further study on parameter optimization
@_L, 0%, High enrichment
| Large amount
Enrichment
BN plate 10 mm thick R(MCCCE) = 43¢2/48Ca(MCCCE) - (43/40): 3.08
0.8mm®, every 4 mm 43Ca/48Ca(natural) (48/40): 6
PTEP Prog. Theor. Exp. Phys. 2015, 033D03 (10 pages) 4
DOI: 10.1093/ptep/ptv020
M ¢
O
Calcium isotope enrichment by means 8 2
of multi-channel counter-current electrophoresis S . * .
for the study of particle and nuclear physics T 1
0 T T T 1
T. Kishimoto'->*, K. Matsuoka”, T. Fukumoto?, and S. Umehara’ 145 155 165 175 185

V (Applied voltage)
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* Previous funding supported us to understand (n,y) background
and it’s been reduced by additional shield.

/z;ﬂa i ‘\\
* Now, main BG is multi-hit event of 208Tl, Rz
* New y-ray source is developed with this 24Na decay 2754.0keV
funding to understand multi-hit BG. A
stable — ¥

M.
* Nal is activated by neutron (3Na + n = %4Na) - :
* 2*Na undergo beta decay followed by two y-rays with
half-life of 15 hours.

T2774k

Beta signal is used for self-trigger 155942 -
and two y-rays are used to making ol REEER i G-
artificial multi-hit event. — )

CaF2f& @ Nalfd & CaF2f& R

50cm



