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Nu_2-WP3:   R&D of detectors for future high 
statistics, high precision experiment

(R&D for neutrinoless Double Beta 
Decay experiments)

Nobuhiro ISHIHARA

(KEK)
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A: Mass Number
Z: Atomic Number
∆Z = 1: Beta Decay
∆Z = 2: DBD

Example
A=150
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Double Beta Decay (DBD)
2νββ:
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NDM06

Expected effective neutrino mass <mν>
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DBD experiment and Sensitivity 
of Effective Neutrino Mass 

Number of events (n) and Half life (T1/2)

k : efficiency, N0 : number of Nuclei,　t : meas. time, BG: background
BGTtkNn >= 2/10 /)2(ln

G0ν : phase space,  M0ν : nuclear matrix element 

Half life (T1/2) and Effective neutrino mass (<mν>)
(in the case of mass term dominance)
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Nuclear sensitivity for neutrinoless DBD

H. Ejiri, J. Phys. Soc. Jpn. 74 (2005) 2101
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H. Ejiri, J. Phys. Soc. Jpn. 74 (2005) 2101

Status of neutrinoless DBD
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KKDC claim for neutrinoless DBD of 76Ge from the 
Heidelberg-Moscow experiment with 14 collaborators

Klapdor,K,D,C, Phys. Lett. B 586 (2004) 198

Sum energy of 2 electrons 

Q(2039 keV)Q(2039 keV)

Pulse shape analysis
(0.69-4.18)×1025 yr,  1.19 ×1025 yr  from data of 1990-2003
0.24 eV < <mν> < 0.58 eV, best value 0.44 eV
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X. Sarazin @ NDM06
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Double beta decay experiments with tracking detectors

• International collaboration
– Tracking-calorimetric / Tracking detector

NEMO, MOON, DCBA 
• Common R&D for future detectors

Enrichment of 150Nd, Energy resolution, BGD reduction
• Collaboration for LIA project

France: F. Piquemal, Ch. Marquet, J.S. Ricol / CENBG

X. Sarazin, S. Jullian, D. Lalanne, C. Augier, L. Simard, 
J. Argyriades /LAL

Japan: N. Ishihara/KEK, M. Nomachi/Osaka-U, H. Ejiri/RCNP-Osaka U, 
H. Ohsumi/Saga-U, K. Fushimi/Tokushima-U, Hiroshima-U.



10 May 2007 Workshop FJPPL'07 13

Collaborative work
NEMO/ super NEMO collaboration

Track-Calo
Detector construction

Common R&D

BiPo activity
Saga Univ.

Osaka U.
Tokushima U.
Hiroshima U.

KEK

Radon detector
R&D

Multi layer BiPo detector
Calorimeter R&D
Electronics R&D

DCBA
Chamber R&D

MOON-1

Groups interested in Track-Calo detectors in Japan. 
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Ch. Marquet @ NDM06
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MOON Detector
• Multi layers module

– 100Mo foil & Plastic 
scintillator
Mo foil is interleaved with　
PLs.

– Compact 1 t detector
PL works both as 
calorimeter and as active 
shield

– No TOF
– Effective gamma veto
– Particle ID.

• Not in MOON-1 prototype 
detector

β

β

Calorimeter

Active shield

Calorimeter

Active shield

100Mo foil

100Mo foil

100Mo foil

M. Nomachi
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MOON-1 Energy resolution

22Na 1.27 MeV

40K 1.46 MeV

208Tl 2.60 MeV

207Bi 976 keV

137Cs 624 keV
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Ultra Low Background Detector
To acieve required purity, the detector with high sensitivity
BiPo-detector (LAL,CENBG,Osaka,Tokushima)

With 5 kg of 82Se source foil (~ 12 m2, 40 mg/cm2) 
50 (e−, delay α) 212Bi decays / month2 µBq/kg of 208Tl
3 decays / monthε ~ 6 %

Background < 1 events/month is required  !
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Possible contributions to SuperNEMO

•Radon detectors,  (70 litters, Sensitivity 1mBq/m3)

for  Bi-Po experiment  (@Canfranc) 

• Study of low background materials used for SuperNEMO

measurement of radon/thoron emanation
collaboration with CENBG Bordeaux.

• Next generation high sensitive radon detector  (Next goal -- 0.1mBq/m3 )

Bigger size volume,  or new technique,  using low background photodiode etc. 

BGD measurement with Radon monitor
− R&D works at Saga Univ. (H. Ohsumi) −
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DCBA-T3 (Drift Chamber Beta-ray Analyzer)
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Principle of DCBA
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Electrons from 207Bi

T = 458 keV
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Background 2-electron event
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OTHER BACKGROUND EVENTS

Alpha-ray

x

y

x

z

α

pair creation

x

y

x

z

−e

+e

−e

+e



10 May 2007 Workshop FJPPL'07 29

Future plan MTD (Magnetic Tracking Detector) Temporary
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Source plate: 84 m2/module
Thickness: 15 (40) mg/cm2

Weight: 12.6 (33.6) kg/module

Weight ~ 20 t
S.C. magnet

Anode wire: 10600/module
Pickup wire: 26200/module 

2000

1700
2000

Preli
minary



10 May 2007 Workshop FJPPL'07 30

Half-life and Effective Mass Sensitivities of MTD for 
150Nd, 100Mo and 82Se (Tentative)

Natural Nd       150Nd          100Mo   82Se
(5.6%150Nd)  (80% enr.)  (90% enr.)  (90% enr.)

MTD   Amount (mol)      190               2700            5400  6600
(600 kg : 50 modules of 15 mg/cm2)

T1/2
0ν sens. (yr)     9 × 1024            1 × 1026            2 × 1026         3 × 1026

<mν>sens. (eV)           0.06                0.02              0.07           0.04

Nucl. Matrix Element: A. Staudt et al. Europhys. Lett. 13 (1) (1990) 31
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2007 2008           2009          2010          2011        2012     2013     2014     2015    2016
H19          H20               H21             H22             H23        H24        H25        H26       H27    H28

Japanese Fiscal Year (April – March)

Preparation of 
Underground 
Laboratory

Preparation of 
mass production

Installation to UGL 
& operation
of DCBA-T3

R&D of SC-magnet

R&D project
DCBA 
for MTD
DCBA-T3

1st MTD module
Magnet

1st MTD module
Chamber  &   

Assembly

1st

MTD 
module 
operation

R&D of chamber
assembly

Optimistic Schedule of DCBA/MTD 
　(depending on financial support)

Operation

Mass production (20-50 modules)
& Operation down to 30 meV 
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Concluding remarks
1. Observation of 0νββ events in 76Ge claimed by KKDC should
be confirmed by other experiments using different decay sources.

2. NEMO, MOON and DCBA can use several kinds of decay 
sources, such as 150Nd, 100Mo and 82Se. They have tracking
detectors which are very useful to reduce backgrounds.

3. These groups have made efforts at obtaining enriched 150Nd,
improving energy resolution and reducing backgrounds, in order
to investigate Majorana nature and the effective mass down to
30 meV, which is predicted in the inverted hierarchy spectrum. 

4. Collaboration will be made by exchange of experimental 
physicists between different test benches in Japanese and French
Laboratories.  
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