
二重ベータ崩壊実験の
アップデート

ー Neutrino 2008から ー

阪大・理

小川 泉

2008/06/27 1宇宙ニュートリノ研究会



目次

1. Introduction

2. 現在進行中の実験
– CUORECINO

– NEMO-3

3. R&D段階の実験
– COBRA

– Kiev

– MAJORANA

– SNO+

4. 建設中の実験
– CUORE-0

– EXO-200

– GERDA

5. CANDLES 

6. まとめ

2008/06/27 2宇宙ニュートリノ研究会



Introduction
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ニュートリノ放出を伴わない二重β崩壊

• 観測されると…

– ニュートリノはマヨラナ型である

– 質量パラメータ

–レプトン数保存則の破れ
– レプトジェネシス
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有効マヨラナニュートリノ質量
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Sensitivity :当面の目標 IH

Regions 

Allowed by 

Neutrino 

Oscillation Data
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Double beta decay isotopes

isotope Q 

(keV)

ab.(%) isotope Q 

(keV)

ab.(%) isotope Q 

(keV)

ab.(%) isotope Q 

(keV)

ab.(%)

46Ca 990.4 0.004 98Mo 112 24.13 130Te 2529 34.08 170Er 654 14.93

48Ca 4272 0.187 100Mo 3034 9.36 134Xe 830 10.44 176Yb 1087 12.76

70Zn 1001 0.62 104Ru 1300 18.62 136Xe 2468 8.87 186W 488 28.43

76Ge 2039 7.61 110Pd 2000 11.72 142Ce 1417 11.114 192Os 414 40.78

80Se 134 49.61 114Cd 537 28.73 146Nd 70 17.2 198Pt 1047 7.163

82Se 2995 8.73 116Cd 2805 7.49 148Nd 1929 5.7 204Hg 416 6.87

86Kr 1256 17.3 122Sn 366 4.63 150Nd 3368 5.6 232Th 842 100

94Zr 1144 17.4 124Sn 2287 5.79 154Sm 1251 22.75 238U 1145 99.28

96Zr 3350 2.8 128Te 867 31.74 160Gd 1730 21.86

V.I. Tretyak and Y.G. Zdesenko 2002

Q > 1.7 MeV

Q > 3.3 MeV ; Qb(214Bi)=3.27 MeV 
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検出器タイプ

• 線源と検出器が一体

– シンチレーター(シンチレーション光)

– 半導体検出器（イオン化電子空孔対）

– ボロメーター
• エネルギーを温度上昇で測定

高効率、高エネルギー分解能

• 線源と検出器が別

– 軌跡検出器
• エネルギーを軌跡検出器で測定

ノイズを効率的に落とせる
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Experimental projects
Project Target Detector type Status

CANDLES 48Ca Scintillator Constructing (III地下)

COBRA 116Cd Semiconductor R&D

CUORE 130Te Bolometer CUORICINO…running

CUORE-0…constructing

DCBA 150Nd Tracking R&D

EXO 136Xe Liq. Xe TPC 他 EXO-200…constructing

GERDA 76Ge Semiconductor Phase-I … constructing

MAJORANA 76Ge Semiconductor R&D

Kiev 100Mo, 116Cd,.. Scintillator R&D

MOON 100Mo Tracking R&D

NEMO 82Se, 100Mo,… Tracking NEMO-3…running

Super-NEMO… R&D

SNO+ 150Nd Liquid scintillator R&D

XMASS 136Xe Gas scintillator R&D
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現在稼働中の実験

• CUORICINO

• NEMO-3
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New

Results
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R&D段階の実験

• COBRA

• Kiev

• MAJORANA

• SNO+
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Kiev group

• Experiments developed and/or considered in the past with 

different scintillating crystals with different isotopes
– e.g. CAMEO, CARVEL, etc.

– possible deployment of crystals in large, existing detectors

(e.g. Borexino, SNO)

• Currently the following scintillating crystals (and 

experiments) are being developed
– 116CdWO4

116Cd, Q-value = 2.80 MeV

also 106Cd β+β+decay, Q-value = 2.77 MeV

– CaMO4
100Mo, Q-value = 3.03 MeV

– ZnWO4
64Zn, Q-value = 1.10 MeV
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建設中の実験

• CUORE-0 @Gran sasso

• EXO-200 @WIPP

• GERDA @Gran sasso
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Why 48Ca ?
Largest Q value (4.27 MeV) 

 next largest;  150Nd (3.3 MeV)

 large phase space factor

 almost background free 

(g: 2.6 MeV, b: 3.3 MeV)

Low Natural abundance  → 0.187%

 large detector 

 Enrichment

undoped CaF2 (CaF2(pure))


48Ca  (Qbb=4.27 MeV)

 300 kg     3 t     100 t

Liquid Scintillator (LS)

 4p active shield

 Passive shield

 wavelength shifter for CaF2

Photomultiplier

 large photo-coverage

Concepts of 

CANDLES

Water Buffer

liquid scintillator

CaF2 crystal

+ w.l. shifter

17" PMT
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Radioactive BG inside CaF2

Natural Radioactive BGs ~Qbb

 Maximum energy
 g ~ 2.6 MeV,  b ~3.3 MeV, a (max)~2.7 MeVe.e. 

(quench;fa ~ 0.3) 

 Successive decays of a, b, g in decay chain
 ~1 msec decay time CaF2

Emax=5.8MeV(U)

5.3MeV(Th)b a

Pulse shape
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Development of High Purity CaF2 Crystals

Radioactivities in CaF2(pure) Crystal

(a-ray measurement)

Radioactivities in CaF2 Powder

(HPGe measurement)

U-chain(214Bi) ~36 mBq/kg …1/30 of Previous Crystals (14±5 mBq/kg ;Best)

Th-chain(220Rn) ~29 mBq/kg  …1/3 of Previous Crystals ( 6±1 mBq/kg ;Best)

CaF2
Powder

Fused
CaF2

Raw Materials
CaCO3, HF

CaF2
Crystal

Powder selection 

Crystal growing

CaF2(Eu) in ELEGANT VI

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

Th-chain(220Rn) :    98 mBq/kg

101 crystals

U and Th
(ICP-MS)
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Rejection of Double Pulse

Prompt

Delayed

Typical Pulse Shape (500 MHz FADC)

810ns 8.8ns
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recorded shape

fitted shape

99% of double pulse 

events will be rejected
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Pulse Shape Discrimination

• Pulse Shape discrimination
– Shape Indicator (PRC 67(2003) 014310)

Difference in decay shape 

between a and g rays
a-event

gevent

mean value:
no energy dependence (>1 MeV)

1s

~99.7% reduction at Q-value



CANDLES III at Osaka

CaF2 : 103 cm3 × 60

(191 kg)

Liquid scintillator
f1000×h1000 acrylic container

H2O Buffer  : passive shield
f2800×h2600

PMT:15” PMT (× 8)  : R2018

13” PMT (×32)  : R8055
33.4% photo-
coverage
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CANDLES III地下

• 神岡新実験室 (実験室Ｄ)

Scale-up version of 

CANDLES-III, “Sanchika”

will move on next winter 

CaF2: 60(191kg)        96(305kg)

<m> ~ 0.5 eV
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pure
water

CaF2

LS

w.l. shifter

Reflector



Challenge on enrichment of 48Ca
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resin Crown Ether

Ca2+

• Held by electrostatic attraction between 
negatively charged O- of the C-O dipoles & 
cation (Ca2+)

enrichment



まとめ

• 二重ベータ崩壊実験

– Majorana粒子の証明

• ここ数年以内

– m ~ 100 meVの感度を持つ実験が稼働開始

(CUORE, GERDA, EXO,…)

– CANDLES III地下：神岡にて建設開始
48Caのenrichment

• Inverted hierarchy領域へ向けて
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