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Double beta decay

2nbb 0nbb

• Standard model
• Already observed in 

some nuclei
• T1/2： 1018 ~ 1020 yr

◎If Majorana neutrino…
Light neutrino mass （See-Saw mechanism）
Matter dominated universe （Leptogenesis）

0nbb half-life：

• Beyond the SM
• Proof of Majorana

neutrino
• T1/2： > 1025 yr

Constraint of n mass from 
oscillation experiments

Inverted hierarchy

Normal hierarchy
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Since 0nbb is very rare signal,

 Low background level,
 Good energy resolution,
 Large target volume

are required for 0nbb search.

48Ca double beta decay

In this talk, I focus energy resolution and background.

β

β T. Kishimoto et al., Prog. Theor. Exp. Phys. 033D03 (2015)
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The CANDLES-III (U.G.) detector

• CaF2 (pure) scintillator （τ～1msec）
10×10×10 cm3×96 crystals（300 kg）

• 2m３ Liquid scintillator （τ～10nsec）

• Cylindrical water tank (φ3m×h4m) 
• 62 Photomultipliers （PMT）

13 inch PMT（ R8055 ） ×48
20 inch PMT（ R7250 ） ×14

• Light collection system
Al sheet： Reflectance ~93% @ 420nm

Water
Active veto using different time constant!!

ＰＭＴ

Liq. scintillator

ＣａＦ２

○Schematic view

Light pipe
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CAlcium fluoride for studies of Neutrino and Dark matters 
by Low Energy Spectrometer 



4m

3m

CANDLES III detector

PMT & Light pipe

CaF2 crystals
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The CANDLES (U.G) detector in Kamioka observatory



4p active veto by Liquid scintillator (LS)
- Rejection of external g–ray background

• Pulse shape information by 500 MHz Flash ADC.

• Distinguish event type by offline pulse shape analysis 
taking advantage of different decay time.

CaF2

(1msec)
Liquid Scintillator

(~10nsec)

CaF2+

Liquid Scintillator

CaF2

Liquid 

ScintillatorCaF2
CaF2

Liquid 

Scintillator

b-ray

g-ray

bb signal !? External g BG External g BG
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Progress from the last TAUP
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DAQ upgrade 

Data taking

TAUP 2013 @US

Magnetic cancellation coil installation
Detector cooling system installation

Data taking

Gamma and neutron shield construction

TAUP 2015 @Italy

For better energy resolution!!

For lowering background level!

For shorter DAQ dead time!!

7



Magnetic cancellation coil
• Winded coil surrounding the water 

tank and apply ~1.5A current to 
cancel geomagnetic field.

• Better p.e. collection efficiency of 
PMT dynode is expected.

１． Light yield increased （later）
２． Position distortion improved
３． 1pe distribution improved

Reconstructed position

Vertical coil
Horizontal coil

Side view

Top view

Before

After

ADC count

1pe distribution (13” PMT)
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Cooling system

CANDLES cooling system
（Laboratory Room is 

cooled down by chiller）

• Cooling system was installed in the last March and tested in June.
• Data was taken with low temperature from October to November.

 Room temp.  2 , Water temp.  4.3
 Test data was successfully collected with very good 

stability ( 0.1ϴ ) during ~1 month.

Cooled air

Detector 
direction

Light yield of CaF2 increase 
2% by lowering 1 degree.

Literature value (w/o WLS)

Our measurement

CaF2 temperature [ϴ]
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Light yield increase

Total ADC count

No improvement
After Coil

After cooling

40K

208Tl

After improvements,  ~1000 [p.e./MeV] is achieved

Measured energy 
resolution for each Crystal

Relative light 
yield

Resolution

Before 1 σ = 4.8%

Coil 1.23 σ = 4.2%

Cool 1.58 σ = 3.6%

Before

Coil

Cool
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Obtained from 88Y source calibration
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Stability of energy scale

Water temperature
208Tl energy peak

• Cooling system also works for 
stable temperature control.

• Energy scale stability is checked 
using 2.6MeV g-ray peak of 208Tl.

Tl208
（2.6MeV）

Energy [keV]

Good energy scale stability after cooling  ±0.2%！！

Coil

Energy spectrum in CANDLES

Before cooling After cooling
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Background candidates @4.3MeV
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Pulse shape discrimination in CANDLES
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• LS veto by selecting only b-ray 
for (n,g) rejection.

• 208Tl rejection by selecting 212Bi 
a-ray (parent of 208Tl) and veto 
following events.



Remaining background and sensitivity 

Energy [keV]

Live time 60.3 days

Observed BG 6 events

Estimated BG 1 for 208Tl and 3.4 for (n,g)

Sensitivity for 0nbb T1/2 > 0.8×1022 year

• Data set before detector 
upgrades (coil & cooling).

• Low radioactive 26 crystals 
are selected.

• 0nbb cut include PSD cut and 
208Tl vetoβ.

β Umehara et al., Proceeding of TAUP2013, 
Physics procedia, Vol. 61, page 283 (2015)
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Shield for (n,g) background reduction
CANDLES tank

CANDLES shield overview

n

g

Pb shield (7 - 12cm)
Reduce g-ray from surrounding rock
Effect of Pb (n,g) is one order smaller than 
that of stainless tank

Boron sheet (4- 5mm)
Reduce n captured by stainless tank

Side Pb wall has been installed!!
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Background and sensitivity for 
the future shielded CANDLES

• Shield design was optimized by MC simulation.

• By constructing Pb shield, g-ray from rock decrease 
by factor of 1/180.

• By introducing B sheet, neutron capture on the 
stainless tank decrease by factor of 1/40.

• Number of backgrounds after shield installation 
estimated by MC is

Rock : 0.34±0.14 event/year

Tank : 0.4±0.2 event/year.

• T1/2 > 1023 [year] is expected with one year data.
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Schedule of CANDLES

Side Pb shield construction Done!!

1. Bottom Pb shield construction Oct. 2015

2. Boron sheet installation Nov. 2015

3. Top Pb shield construction Dec. 2015

4. Re-start data taking!! Early 2016
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Summary

• Current status and future prospect of CANDLES 48Ca 
double beta decay search.

• Magnetic cancellation coil and Cooling system
increased light yield, and improved resolution.
• Light yield ~1000 p.e./MeV  (×1.58)

• Resolution 4.8%  3.6% @1.836MeV

• Now we proceed additional shield installation in 
order to reduce (n, g) background.

• Expected (n,g) background with new shield is ~0.7 
event/year, which is 1/80 of before.

• Next data taking will start from early next year!!
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New collaborative institute and 

Postdoc are now wanted!!

Grazie mille!!
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• Backup
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Backgrounds in CANDLES

208Tl Event

Pile-up Events
Th-Chain

Emax=5.3MeV(Th-chain)

Emax=5.0MeV

b+a

Pile-up
because of 

t of CaF2 signal = 1msec

212Bi and 208Tl(T1/2=3min) . . .
Space-Time Correlation Cut
a-g Particle Identification

Radioactive Contaminations in CaF2 Crystals

2nbb Events
Possible to reduce by good energy resolution  ( ~4% at 4.27MeV)

To reject these BG events
2nbb:good light collection efficiency (good energy resolution)
Pile-up event : identify the “pile-up” shape 
208Tl event : a-g rays particle identification (for prompt 212Bi)
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208Tl rejection
Emax=5.0MeV

212Bi and 208Tl(T1/2=3min) . . .
Space-Time Correlation Cut

212Biќ208Tl ќ208Pb decay

Energy spectrum of prompt 212Bi

Prompt events
Accidental 

coincidence events

Time(sec)

Obtained data of Dt
Fitting

Due to 208Tl

Accidental 

Obtained half-life 
= 241±46sec

Dt spectrum of delayed 208Tl

ḱWe can identify the prompt 212Bi
Now : rejection efficiency = 55%, acceptance = 90%

ḱWe will improve these efficiencies by DAQ upgrade etc.

delayed event 
= 3.5-5.1MeV
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Rejection of pile-up events
Pile-up

232Th
T1/2 = 1.1 x 10 10year

212Bi
Qb=2.2MeV

212Po
Qa=7.8MeV64%

prompt delayed

Th-Chain T1/2 = 0.3msec
Ǿ α

212Biќ212Po  decay

Typical pulse shape of pile-up events

Delayed a
Prompt β

Sum-up signal of 62 PMT

with small D t

We can identify the pile-up events.
current rejection efficiency > 95% 

Decay Constant of CaF2(pure)  
：1msec
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PTEP: 3月号
Referee rejected

in the beginning



キャピラリー電気泳動法によるMAの分離分析

溶離速度

61Pm > Am > Cm > 62Sm > 63Eu > 64Gd
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図イオン半径の逆数と各元素の移動度との関係

＋ －

数万ボルト 100 mm以下

・試料成分の移動速度は，電荷・大きさ等により違いが出る。

％程度の速度差まで分離，イオン半径
錯安定度定数などの化学量を導出

アクチニド，ランタニド混合試料の
相互分離を短時間で達成

○キャピラリー電気泳動法（毛細管内で電気泳動を行う方法）

錯形成剤(a-HIBA)を含んだ溶液

キャピラリー電気泳動装置短時間で高い分離
少量：分析
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