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e Double Beta Decay of 43Ca

« CANDLES experiment
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» Running Status
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Double Beta Decay of *°Ca ),

Ann.Rev.Nucl.Part.Sci.52:115
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Calcium Fluoride for Studies of Neufrlno and Dark Matters by Low Enerqv Spectrometer
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Typical Light Emission & Waveform

E m s

CaF, CaF, Can LS
%‘253 250f 250f
;236‘ B (Or B B) 200} h\ Ext. Y 200} — Ext. Y
21535 \&GFZ( lusec) 15.','; \ Jhﬁfsj\-l- CaF, 15.';; lLS (“1Onsec) -
100 M- 100} At 100}
A A R 4V Ve
P SR . -’:'Efv-‘-‘ - 6'5-*' ot \\m“’"‘NW‘- opadirbnddinn)
1007507200 250 300 350 400 450 500 100150200 250 300 350 400 450 500 100150300350 300" 350400450500
Time (2ns) Time (2ns) Time (2ns)
Rejecti f ext | ts with LS 2l 52 (384ns
ejection of external v events wi 7 Ceeredy

¢ Dual-Gated Trigger: Hitin S| & S2 5
« Q_ratio cut : Q200ns / Q4us

! Fitting region

L Red Alpha referencs pulse
' Blhe : Bata reference pulse

o/B/B+LS discrimination
« Event by event fit to
reference @, B waveform

pd] T RN Rl P ) |l A0
Tirrwz [n5]

3500
Energy (keV)



- 8§ (stainless steel) tank £ o3s PR
—— Pb Shield S ot () reaction |
£ 025 in stainless stee
== B Shield E
g Cr Ni
" Y'Y 1 = o Rt s 508 000
— B i - Gamma Energy [keV]
V G « High E BGs were estimated as
1 j i~ ‘}] (n,v) reaction in rock, SS tank
Oomoo —
Y oooon 71
] 0OmHomn k. Suppression with passive shield
E(]j THEHEE TR > Pb Shield : v shield ("1/120)
e “ (n,Y) @Pb=0(10") of @ SS
{"’/ b b \/':L > B Shield : n shield for SS (" 1/30)
v ' - . Top, Side (5mm 40wt% B4C sheet)

) ED & . (n,v) BGs are estimated by MC
i ‘ to become ~ | /80.

| Rock : 0.34+0.14 event/yr
oncrete i Tank : 0.4 £0.2 event/yr




IC'HEI 8

A,

> Pb Shield : Top (7cm) outside, Bottom (1 0cm) inside

Side (10cm) + Barrel (12cm)

Top, Side (4mm 40wt% B4C sheet) outside Pb, inside SS Tank
Bottom (liquid type) inside SS Tank

> B Shield :
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BG measurement w/ Pb+B shield, low BG material, Cooling ("4.9°C) , Coil
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e All upgrades successfully reduced BG by designed magnitude !
* Analytical internal BG reduction is next key for current CANDLES

* only loose LS cut is applied on this plot
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Live-Time : 131 days (‘16/06-12), +47% L.Y. w/ chilling |17 = 4.9°C,
+ geo-mag. compensation coil == 4.1% Eres@38Y

_J5crystals

27 crystals
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¥ No event in high purity crystals is confirmed.
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Exp. Data and BG MC

In 27 CaF2 Exp. Data
2°7 CaF2 108 : : _|MC Total
Livetime (yr) 131 Qs &
Event in ROI 10 0 10 Sl 2 VBB
Expected BG "I | 1.2 Mt f i LeMher Be
011{;[3 48Cqa (yr) >3.8x1022 >6.2x1022 . .
*ELEGANT IV o e
Exposure :4947kg - d (2yr<) Energy(keV)
011;233 eff. : 0.53 x28<1.5,-30<SIl o
48 22 -2 o<position cut<2 o
Ovﬁﬂ Ca:5.8x10% yr Pileup cut > 20ns
. 208T| cut
CANDLES continues to explore -1 6<0vBB window<2 ¢

the forefront T, in“eCa !

= Further continuous data taking to study energy uncertainty
due to baseline drift within | FADC value
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CANDLES III+ CANDLES 1V CANDLES V
48Ca Abundance 0.187% 2% 50%
48Ca Weight 0.35 kg 25 kg 600 kg
Energy Res. 6% 2.8% (required) 1.0% (required)
(m,) sensitivity 500 meV 80 meV 9 meV
Feature Cooling CaF2 + Massive 48Ca  ++ Massive 48Ca
Low BG + Much low BG Scinti. Bolometer
DH = IH IH = NH

(m,) = 9meV

« Variety of 298TI. Among crystals
> stable purity control
> higher purity crystal

« Small number of target nuclei
> high & large amount enrichment

« Inevitable 2y B8 B background
» much higher energy resolution

4100 4300 4500 > scintillator = bolometer
Energy (keV)
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Multi-channel counter current electrophoresis (MCCCE)

field _current e Principle was demonstrated.
| |
|
| |
| |
@ |

Boron Nitride plate

80mmae x| O0Omm, . . o
x69 0.8mm¢ channel ¥ Much higher enrichment & reproducibility

w/ different parameter configuration
[l Large amount enrichment

Electric Co{fmer « Migration speed diff. btw. 4°Ca / 48Ca.

@(— Enrichment
Factor
(48/40) : 6.1

Enrichment factor

—_ (] w I w (=)}

|
*

10 160 170 180
Applied voltage (V)

e Parallel R&D on

crown-ether + micro-reactor
-~ crown-ether resin + chromatography
Prog. Theor. Exp. Phys. 2015, 033003 laser isoto pe sepa ration.
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") ermistor.
1% or less Energy res. for IH. Scintillation _ A Thermistor?

Scintillator > Bolometer o ekt detector
« Simul. meas. of heat and scinti. **"" T : : N
to discriminate B / o armisoed .
(338U 4.27MeV ~ Qovgs)
= Scintillating Bolometer Y%, ; o
« Established technique. & | e o S
CRESST-II’ LUCifer’ AMoRE @_:r43mK rise 9 SHS:ttjllagtr:gln signal

@l 0mK

Detector :

PTFE reflector
CaF2 (Eu) + CaF2(pure)

Dilution refrigerator @ Osaka
Developed for DM search with LiF.
Cooling power is 2uW @ 20mK

* Long time operation at 500mK

« Struggling to 1 0mK (3He/“He mixed gas)

= New refrigerator to accelerate : Triton300
<10mK control, >6 uW @ 20mK [0 soon assembled
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To LOWGF RI in CaF2 - Same best purity repetition |
F to increase mass
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« CANDLES : Ov B B search by 48Ca (350g) / CaF2 (305kg)
> highest Q (4.3MeV), potential O BG observation, important for IH/NH

« Detector upgrade in 2015-2016
» Passive Pb, B shield against largest BG : (n, v) : 10-2 reduction

» Detector cooling & Geomagnetic Compensation coil
e 17°C = 4.9C > +47% light yield

e Preliminary T&féﬁ limit on48Ca : 6.2x1022 yr in |3 ldays

(sensitivity 3.6x1022 yr)

(ELEGANT IV > 5.8x 1022 yr)
> 5.5 exposure already, and continue to explore the forefront.

« Future CANDLES for larger “8Ca mass, better Eres, purer CaF2
> 48Ca enrichment with MCCCE, Clown Ether, Laser Separation
> Scintillating Bolometer study, accelerated with new DR
> purer CaF2 selection and CaCl2=CaF2 production
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Neutrino-less double beta decay(lw 3/3) is acquiring great interest

after the confirmation of neutrino oscillation

which demonstrated nonzero neutrino mass.

Measurement of 0133 provides a test for the Majorana nature of neutrinos
and gives an absolute scale of the effective neutrino mass.

In order to search for 0w37 of **Ca,

we proposed CANDLES project and a detector system by using CaFa(pure).

The CANDLES 11l system, which is one of the CANDLES project, aims at a high sensitive measurement
by a characteristic detector system.

The system realizes a complete 47 active shield

by immersion of the CaFa scintillators in liquid scintillator.

The active shield leads to a low background condition for the measurement.

Now we have developed the CANDLES 111 system,

which contained 350 g of **Ca at the Kamioka underground laboratory.

In 2016, we have installed a shielding system in the CANDLES III sy stem

to reduce background events by the high energy y-rays,

which were emitted from neutron capture reaction on surround materials.

By the system,

we reduced the background events from neutron capture by two orders of magnitude.
After this upgrade, we started a double beta decay measurement

and obtained result.

Furthermore, we started development of next detector system.

In this system, we will use a CaFa scintillating bolometer

and enriched *#Ca.

In this paper,

we will report result of **Ca double beta decay measurement by using the CANDLES I1I system
and current status of the CaFa scintillating bolometer and enrichment of **Ca.

Primary author(s) : UMEHARA, Saori (Osaka University); TAKEMOTO, Yasuhiro (Osaka Unversity); FOR
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