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Double bexperiments with the 

help of scintillation and HPGe 

detectors at Gran Sasso
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The best 2e, eb+, 2b+ experiments
Nuclide Channel Experimental limits 

T1/2 (yr)

Experimental method

40Ca 2e > (3-6) Ĭ1021 CaF2(Eu) scintillators

54Fe 2e > (4-5) Ĭ1020 HPGe gspectrometry

58Ni 2e, eb+ > (0.2-7)Ĭ1020 HPGe gspectrometry

64Zn 2e, eb+ > 1018-1021 ZnWO4 scintillators

78Kr 2e, eb+, 2b+ > (1-5)Ĭ1021 Gaseous detector

92Mo 2e, eb+ > (0.06-9)Ĭ1020 HPGe gspectrometry

96Ru 2e, eb+, 2b+ > (0.2-1.3)Ĭ1019 HPGe gspectrometry

106Cd 2e, eb+, 2b+ > (0.01-4)Ĭ1020 HPGe gspectrometry,

NaI(Tl) gspectrometry

CdWO4 scintillators

CdZnTe semiconductor

130Ba 2e, eb+, 2b+ > 4Ĭ1021

= (2.2 Ñ0.5)Ĭ1021  ?
Geochemical

132Ba 2e > 2.2Ĭ1021 Geochemical
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120Te 2e, eb+ > (0.09-1.9)Ĭ1021 TeO2 cryo-bolometer
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Motivation to study 2e, eb+, 2b+
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Half-lives for 0neb+ decay depend strongly 

on whether the decay is dominated by the 

mass mechanism or right-handed weak 

current [1]

[1] M.Hirschet al.,Z. Phys.A 347 (1994) 151
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Possibility of resonant 0ndouble electron 

capture

Right-handed weak current contribution
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2bdecay of 96Ru
1) HPGe 468 cm3, 986 h, 473 g of Ru (5.54%)

2) HPGe 4 ³225 cm3, 1176 h

Experiment is in progress with 719 g of Ru 

HPGe 4 ³225 cm3, sensitivity T1/2 ~ 1020-1021 y
P.Belli et al., EPJA 42(2009)17

P.Belli et al., Proc. NPAE-Kyiv2010, Kyiv, Ukraine, 2011, p. 437.

Resonant 0n2e

T1/2 
(0n+2n)eb+ > 4.9³1018 yr 

T1/2
(0n+2n)2b+ > 7.6Ĭ1018 yr

T1/2
0n2e(resonant) > (2.2, 5.1)Ĭ1019 yr
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Purification of Ru

40K =3.4 Bq/kg

40K  <0.4 Bq/kg
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2bdecay of dysprosium

P.Belli et al, NPA 859(2011) 126
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HPGe 244 cm3, 322 g of Dy2O3

0.056% of 156Dy and 0.095% of 158Dy, 

2512 h

Main results, 156Dy (T1/2, yr)

Resonant 0n2e

eb+ (2n+0n) >1.9³1016

2n2K >6.1³1014

0n2K >1.7³1016

0n2e(resonant) >(2.8³1014ï2.6³1016)

40K    <10
228Th   =157
226Ra   =5
176Lu   =9
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2bdecay of platinum

Main results, 190Pt (T1/2, yr) [1]

40K <25
228Th <7
226Ra <3
192mIr (241 yr) =40
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[1] P.Belli et al., submitted to EPJA, arXiv:1104.5671v1

By-product: the first detection of adecay of 
190Pt to the excited level  137 keV of 186Os, 

T1/2=[2.6+0.4
-0.3(stat)Ñ0.6(syst)]³1014 yr [2]

Resonant 0n2e

HPGe 468 cm3, 42.5 g of Pt,

0.014% of 190Pt and 7.163% of 198Pt, 

1815 h

Radioactive contamination of Pt (mBq/kg)

eb+ (2n+0n) >9.2³1015

2n2K >8.4³1014

0n2K >5.7³1015

0n2e(resonant) >2.9³1016

[2] P.Belli et al.,PRC 83(2011) 034603



ARMONIA: 2n2ɓdecay of 100Mo to the 01
+ level of 100Ru

100MoO3 1.2 kg
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4 ³HP Ge (225 cm3)

purification of enriched 100Mo was 

carried out twice

1.2 kg of 100MoO3 99.5%

HP Ge (225 cm3³4) at LNGS

100MoO3 (mBq/kg)

40K 36
226Ra 2
228Th 1



ARMONIA  result

P. Belli et al., NPA 846 (2010) 143

T1/2 = 6.9+1.0(stat.)Ñ0.7(syst.)Ĭ1020 yr
ī0.8

18120 h
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2bdecay of 64Zn, 70Zn, 180W, 186W with ZnWO4

scintillators

ZnWO4

Polystyrene

Light-guideLow BG PMT

DAMA R&D, Gran Sasso

P. Belli et al., PLB 658 (2008) 193 
P. Belli et al., NPA 825 (2009) 256

Total exposure 193.5 kg ³days

Detector

Copper

Lead

Cadmium

Paraffin 

Plexiglas 

container
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Main results of ZnWO4 experiment

Transition Decay channel limT1/2 (yr)   at 90% CL  

64Zn­64Ni 2neb+ > 1.0 Ĭ1021

0neb+ > 8.7 Ĭ1020

2n2K > 1.2 Ĭ1019

0n2e > 3.2 Ĭ1020

70Zn­70Ge 2n2b > 3.8 Ĭ1018

0n2b > 3.2Ĭ1019

180W­180Hf 2n2K > 1.0Ĭ1018

0n2e(resonant) > 1.3³1018

186W­186Os 2n2b > 2.3³1019

0n2b > 1.0³1021

P. Belli et al., in preparation 
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preliminary 
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Chain Sub-chain  Activity (mBq/kg)

Nuclei
232Th  232Th             ¢0.1

228Ra ¢0.05
228Th = 0.0015(6)

235U 227Ac ¢0.003
238U    238U ¢0.08

230Th ¢0.07
226Ra          = 0.002(1)
210Po ¢0.06

Total aactivity = 0.18(3)
40K ¢0.4
60Co ¢0.1
65Zn = 0.5(1)
90Sr-90Y ¢0.4
87Rb ¢3
137Cs           ¢0.05
147Sm         ¢0.01P.Belli et al., NIMA 626 (2011) 031

0.7 kg, 2130 h in LNGS

Radiopure ZnWO4 scintillators
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ZnWO4 is excellent radiopure crystal 

scintillator in its nature, very promising for 

low counting experiments
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Search for 2bdecay of cerium with

CeCl3 crystal scintillator
6.9 g CeCl3 scintillator, 1638 h

FWHM = 5% at 662 keV

P. Belli et al., J. Phys. G 38 (2011) 015103
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Transition Qbb d(%)

136Ce ­ 136Ba 2419 0.185

138Ce ­ 138Ba 693 0.251

142Ce ­ 142Nd 1417 11.114

Main results (136Ce) at 90% C.L.

2n2K >3.2³1016

0n2K >3.0³1016

2neb+ >2.4³1016

0neb+ >0.9³1017

2n2b+ >0.9³1016

0n2b+ >0.7³1017

228Th   <0.16
226Ra   <11  
227Ac   = 280
138La   = 860

a

U,Th
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2bdecay of 106Cd
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Resonant 0n2e
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R&D of 106CdWO4 from enriched 106Cd

ÅPurification of enriched natCd 
& 106Cd by vacuum 
distillation ~ 0.1 ppm

ÅSynthesis of CdWO4 & 
106CdWO4 powders

ÅnatCdWO4 scintillators of 
improved quality  
(Czochralski method)

FWHM=8%

137Cs

60Co
FWHM=5.6%

ñUsualò CdWO4

powder 
Additionally  purified 
Cd and W

R.Bernabeyet al.,Metallofiz. Nov. Tekhn. 30 (2008) 477

Å22³29 mm

natCdWO4 scintillators
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Low-Thermal-Gradient Czochralski 

technique to grow crystals
CdWO4 ~10 kg
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ñstandardòLTG 

Output 25-30% up to 90%

Quality typically higher

Radiopurity expected better (closed geometry of crucible)

Loses of powder 2-3% <0.3%

Theoretically it 

should not workéhowever, it works 

Nikolaev Institute of Inorganic 

Chemistry, Novosibirsk, Russia
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106CdWO4 crystal scintillator

[1] P. Belli et al., NIMA 615 (2010) 301

Excellent optical and scintillation properties thanks to special R&D to purify raw 

materials and Low-thermal-gradient Czochralski technique to grow the crystal

Attenuation length 60 cm 

never reported for CdWO4

106CdWO4 scintillator 215 g

FWHM=10%

66% of 106Cd, 2.66³1023 of 106Cd nuclei
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106CdWO4 boule 231 g (87.2%)

The total losses of 106Cd  = 2.3%


