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Experiments in Asia

• Japan

– CANDLES: 48Ca CaF2 @Osaka-Kamioka

– KamLAND-Zen 136Xe @Tohoku-Kamioka

– DCBA 150Nd @KEK

– XMASS 136Xe @Kamioka

• Korea

– AMoRE 100Mo(40Ca100MoO4); Kim’s talk

• China

– PandaX 136Xe @Jinping; Chen’s talk
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CANDLES  

48Ca 

CaF2 crystal
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Why 48Ca

• Highest Q value (4.27 MeV, 150Nd: 3.3 MeV)
– Large PV, Little BG（g: 2.6 MeV, b: 3.3 MeV）

• Small natural abundance: 0.187%

– Isotope separation → expensive (no Gas)

• Next generation 

– mn ~ T-1/2 ~ (Det. Mass)-2 (no BG)

~ (Det. Mass)-4 （BG limited）
– 48Ca (no BG so far)

• Nuclear matrix element ⇒ <mn>

• If we want to sense normal hierarchy region, 
only 48Ca + enrichment have a chance.  
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Oto Cosmo 

Observatory
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845m

A tunnel constructed for a 

railroad but never used.  It is 

60km south from Osaka
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Not limited by backgrounds

1.76 y

But only 6.4g of 48Ca

C.L.)  % (90  eV 22~5.3nm

C.L.)  % (90year    108.5 220

2/1 nbbT

PRC78 058501(‘08)

Qbb of 48Ca

CaF2(Eu)
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How to sense mn=1~10-2eV
• Big detector

– Huge amount of materials

• Low radioactive background

– Active shield

– Passive shield

– Low background material

– BG rejection by signal processing 

• High resolution

– Backgrounds from 2nbb decay 

• CANDLES is our solution
ASPERA 2011
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CANDLES

CaF2(Pure)

200kg, 300kg, 2t, ..

enrichment
48Ca (Qbb=4.27MeV)

Liquid Scintillator

Wave Length Shifter

4 p Active Shield

Passive shield

Photomultiplier

energy resolution

CaF2(Pure)

Liquid Scintillator
(Veto Counter)

Buffer Oil

Large PMT

CAlcium fluoride for studies of Neutrino and Dark matrters
by Low Energy Spectrometer
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CANDLES I
Background rejection  

Liquid Scintillator

CaF2

ADC(fast)

ADC(total)
CaF2(pure)

liquid Scintillator
PMT(5")�~ 4

ADC(total)

Liquid Scintillator

CaF2

POP(Proof of Principle)

liq. scint. : mineral oil 

+ DPO (3 g/l)

+ Bis-MSB  (0.3 g/l) 
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Reduction  

100MHz FADC T > 30ns(3ch) ;    ~3%

500MHz FADC     T > 5ns ;   ~1%

Rejection of Double Pulse

Prompt

Delayed

Typical Pulse Shape(100MHz FADC)

900ns
50ns

212Bi
212Po

T1/2 = 0.299msec64%

Qa = 8.95MeV

Qb = 3.27MeV

Qb = 2.25MeV

Qa = 7.83MeV

b a 208Pb Th chain
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Pulse Shape Discrimination

• PSD (Event by Event)
– FADC (100MHz)

– Afast/Aslow (Fast and slow component)

Difference in decay time 

between a and g rays

Discrimination between a and g(b) Events

Background Reduction ~ 0.3%    
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Two Phase System

CaF2(Pure)

• Conversion Phase

– M.O(100%)+PPO(0.3g/L)

– Large conversion eff.

– good transparency for UV

• Veto Phase

– Large light output with 

aromatic solvent (absorb UV)

CaF2 Emission (~285nm)

Conversion by WLS(350~400nm) 

PMT

propagate

High resolution

High veto efficiency 

UV

Visible light

Veto phase

Conversion

phase
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Development of Low 
Background CaF2 Crystals

Radioactivities in CaF2(pure) Crystal

(a-ray measurement)

Radioactivities in CaF2 Powder

(HPGe measurement)

U-chain(214Bi)     ~41mBq/kg . . . 1/25 of Previous Crystals

Th-chain(220Rn)   ~21mBq/kg . . . 1/5 of Previous Crystals 

CaF2
Powder

Fused
CaF2

Raw Materials
CaCO3, HF

CaF2
Crystal

Where is the crystals contaminated? 

Powder selection 

Crystal making 

CaF2(Eu) in ELEGANT VI

U-chain(214Bi) :1100mBq/kg

Th-chain(220Rn) :98mBq/kg
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Kamioka Experimental hall D

CANDLES III(UG)

3m f×4m h

CANDLES III（UG）

Lab D

Super 

Kamiokande

KamLAND

CANDLES

Kamioka

4m

3m

CANDLES III(UG)

KamLAND-ZEN
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CANDLES III（UG）

CANDLES III（UG）

62 PMT’s

96 CaF2(305 kg) crystals: 

(CaF2 crystals)

Completed
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Rejection of LS Events

• Rejection by using Pulse shape information

– Typical Pulse Shapes

CaF2

Liquid ScintillatorCaF2+

Liquid Scintillator

Charge Ratio = 
charge in partial gate

charge in full gate
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Characteristic of 

CANDLES

• BG rate 

(events/weight)

– So far the best 

• 2~3 orders 

• Scale up: 

– CANDESL IV, V

• Enrichment 

– increase bb nuclei

– BG reduction

Target Project Abund. 

(%)

Background rate 

(counts/kg/year)

48Ca ELEGANT VI 0.187 0 (measured)

0.075 (expected)

CANDLES III 0.187 5x10-4

CANDLES IV 0.187 5x10-5

76Ge HDM ~86 0.61

130Te CUORICINO 33.9 2.4

CUORE 33.9 0.8 (CUORE-0)

10-2~10-3(Goal)

136Xe EXO-200 ~80 0.1

16ASPERA 2011

0.2% -> 100% 

500 times improvement 



Enrichment of 48Ca by Crown Ether

• Crown ether

– Cyclic chemical compounds 

that consist of a ring 

containing several ether 

groups. 

– Absorbs Ca ion at the center

– absorbs lighter Ca ions more

– Separation coefficient

• ε~ (3.5~6)x10-3 for 18C6
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Experiment by CE resin 

• Chromatographic  
method

（migration）

Pump

Pump２、Ca solution

0.09M CaCl2+9M HCl

0.34ml/min

（water35℃）

１、put resin
column

8mmΦ

100cmheight4、measure concentration

5、measure abundance

column

3. Fraction collector

distance：1m

3m

20m

18ASPERA 2011



Enrichment for long migration

~7 hours

1m
~70 hours

20m

~250 hours

200m

Enrichment due to crown ether

・long migration length 

・higher enrichment and larger amount

~7hours(1m) → ~250 hours (200m)

amount: ×17, enrichment: ×8                                                                                                                            

P r e l i m i n a r y

maximum: 0.0026

(original:0.0019)
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CANLDES 

• CANDLES IV

– 2t: 2.5 kg 48Ca

• Enrichment (CE resin)

– 2% 100kg(CaF2)/year ⇒1.3(48Ca)kg /year 

– Further study of parameters 

• Enrichment of 5% or more

– Other methods (Laser, electro-migration)

• <mn>~90meV, 50 meV, 

• 10 meV CaF2 (energy resolution: bolometer) 
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Current parameter

ASPERA 2011



21

AMoRE  

100Mo
40Ca100MoO4 crystal
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Metallic magnetic calorimeter
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KamLAND-Zen  

136Xe

Xe in Liquid scintillator
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PANDA-X

136Xe

Liquid Xe 
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Proposal for 
neutrinoless double beta decay search

in Xe136 with PANDA-X
(Particle AND Astroparticle Xenon TPC)

Xiang Liu
Institute of Nuclear, Particle,
Astronomy and Cosmology

Physics Department
Shanghai Jiaotong Univeristy

Nov. 10th, 2010
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PandaX sensitivity projection

25kg fiducial volume, assume 2 years operation, 
<1400 2νββ events (T

1/2
> 10E-22 year)

~55k bg. events
in ±2σ window:  

< 12        0νββ events (T
1/2

> 1.2x10E-24 year)
< 0.001   2νββ event 
~ 20 bg. events, mostly from PMT and bases

Xenon100 MC:
10E-5 events/keV kg day
75% from PMT+base
22% from Stainless-

Steel vessel

(courtesy of Xenon100 collab.)

ASPERA 2011

BG from PMT

2.61 MeV g ray

Q=2.467 MeV

silicon avalanche photo-diode array
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SiPM vs. PMT

Hamamatsu MPPC, 
To detect 178nm, 

wavelength shifter needed
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XMASS

136Xe

Liquid Xe self-shield

ASPERA 2011
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DCBA

150Nd

Thin foil + Drift Chamber 
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summary

• Japan

– Experiments about to run

• CANDLES: comissioning 

• KamLAND-Zen: August

– R&D

• DCBA

• XMASS

• Korea

– AMoRE: R&D

• China

– PandaX: R&D ASPERA 2011 42



International workshop on 

Double Beta Decay and Neutrino 

(DBD11)
• The main purpose of this workshop is an open 

discussion of current and future directions in the 

study of double beta decay and related neutrino 

physics.

• The workshop, DBD11 is hosted by Department of 

Physics and Research Center for Nuclear Physics, 

Osaka University, KEK, and Tohoku University.  

• Date: Nov 15-17, 2011

• Place: Osaka, Crystal Tower (In front of Osaka 

Castle)
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