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The best 2e, e b 2b* experiments

Nuclide |Channel Experimental limits Experimental method
Ty (Y1)
40Ca 2e > (3-6) | 102 CaF,(Eu) scintillators
S4Fe 2e > (4-5) 1 1020 HPGe g spectrometry
S8NJj 2e,e b > (0.2-7)I 1020 HPGe g spectrometry
64Zn 2e,e b > 1018-10%¢ ZnWO, scintillators
8Ky 2e, e b 2b* | > (1-5)[-11022 Gaseous detector
92Mo 2e,e b > (0.06-9)I 1020 HPGe gspectrometry
%Ru 2e, e h 2b* | > (0.2-1.3)1-10%° HPGe g spectrometry
106Cd 2e, e h 2b* | > (0.01-4)I-102° HPGe gspectrometry,
Nal(Tl) g spectrometry
CdwWO, scintillators
CdZnTe semiconductor
130Bg 2e,e b 2b* |>41102 Geochemical
= (2.2 N0.5)1-102! ?
132Bg 2e > 2.2] 1021 Geochemical
120Te 2e,e b > (0.09-1.9)I 1021 TeO, cryo-bolometer 4
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Motivation to study 2e, e h 2b*

(m,) (m,) (m,)

Tio) = Con(* )7+ C (/) ) +Co () ) +C{ /)
(L) =ConC Y+ Gl )C LD +CfhlC 0 +CFi/ )

Right-handed weak current contribution

Half-lives for On:b* decay depend strongly
on whether the decay is dominated by the
mass mechanism or right-handed weak
current [1]

Possibility of resonant On double electron
capture

[1]M.Hirschet al..Z. PhysA 347 (1994) 151

F.A. Danevich MEDEX 2011 Prague

15 June 2011



2b decay of 2°Ru

Resonant On2e o 1) HPGe 468 cm?, 986 h, 473 g of Ru (5.54%)
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Mo Purification of Ru 40K <0.4 Bg/kg
Experiment is in progress with 719 g of Ru
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p.Belli et alEPJA 42(2009)17 HPGe 43 225 cm?, sensitivity T,, ~ 10 104ty

P.Belli et alRProc. NPAKYiv2010, Kyiv, Ukraine, 2011, p. 437. 6
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2b decay of dysprosium

oy, L HPGe 244 cm3, 322 g of Dy,0O,
Resonant Onze * /Dy 0.056% of 155Dy and 0.095% of 158Dy,
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P.Belli et alNPA859(201) 126 7
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2b decay of platinum

HPGe 468 cm3, 42.5 g of Pt,

Resonant On2e (41);0 0" 0.014% of 199Pt and 7.163% of 198pt,
nt /By 1815 h
Ac§ Q3ﬁ=218358;g+i 6keV
0,1 2>*$?' 1382.4 Ry =aaaL Y
2 i&"\}g - 1114.7 Q.
O: &;b;éj\&\ 911.8 (a) PR (] .
: T o0 Main results, 19Pt (T,,,, yr) [1]
g G 7 S 5580 =
Z £ o e b(2n+0n) >9.23 1015
| L L‘f 186.7 2n2K >8.43 1014
E . 0n2K >5.73 1015
7608 On2e (resonant) >2.931016
By-product: the first detection of a decay of Radioactive contamination of Pt (mBa/kq)
190pt to the excited level 137 keV of 1860s, 40K <25
T,,=[2.6"04 , 5(stat)ND.6(syst)]® 1014 yr [2] 228Th <7
226Ra <3
[1] P.Belli et al., submitted to EPJA, arXiv:1104.5671v1e2m|r (241 yr) =40
[2] P.Belli et alPRC83(201) 034603 8
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ARMONIA: 2n2b decay of 1Mo to the 0,* level of 19°Ru

- 1.2 kg of 1°Mo0O, 99.5%
0 o HP Ge (225 cm33 4) at LNGS

1130.5

\\“ Q:)
“,‘ 2+ Q:']OJ.
Q,;=3035 keV L I 539.6
“‘#04- 0
"Ru 100
" MoO, 1.2 kg

43 HP Ge (225 cm3)

100Mo 0O, (mBq/kQ)
40K 36 |
226Ra = 2
228Th 1

purification of enriched %Mo was
carried out twice
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ARMONIA result

18120 h

Ty = 6-9;16%(Stat.)I§D.7(syst.)T 1020 yr
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2b decay of °4Zn, 9Zn, 180w, 185W with ZnWO,

scintillators
DAMA R&D, Gran Sasso

Polystyrene i N - ' /-
Pl S F & Detector

> &)

Plexiglas
container -
m L Tt ;f‘, ®

Total exposure 193.5 kg ¢ days

P. Belli et al., PLB 658 (2008) 193
P. Belli et al., NPA 825 (2009) 256 11
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Malin results of ZnWQO, experiment

preliminary
Transition Decay channel imT,,, (yr) at90% CL
64Zn- ©4Ni 2n e*b >1.0110%
On e*b > 8.7 11020
2n2K >1.2110%
On2e > 3.2 1102
70Zn- 79Ge 2n2b >3.811018
On2b > 3.21 101°
180\~ 180Hf  2n2K > 1.0l 1018
On2e (resonant) >1.3310%8
186y- 1860s  2n2b >2.3310%°
On2b >1.0310%%
P. Belli et al., in preparation 12
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Radiopure ZnWO, scintillators

Chain Sub-chain Activity (mBqg/kg)

0.7 kg, 2130 h in LNGS
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ZnWOQO, is excellent radiopure crystal

232Th

2351
238

Total a activity

scintillator in its nature, very promising for

low counting experiments

P.Belli et al., NIMA 6261} 031
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Nuclei

232Th ¢0.1

228Ra ¢ 0.05

228Th = 0.0015(6)

22TAC ¢ 0.003
2381 ¢ 0.08

230Th ¢ 0.07

226R3 = 0.002(1)

210pg ¢ 0.06

=0.18(3)

40K ¢0.4

%0Co ¢ 0.1

657 = 0.5(1)

N0Sr-0y ¢0.4

8'Rb ¢3

137Cs ¢ 0.05

147Sm ¢ 0.01 13
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Search for 2b decay of cerium with
CeCl, crystal scintillator

5% at 662 keV

500 1000 1500 2000

Transition Qp  d(%)
136Ce - 136Ba 2419  0.185
138Ce - 13¥Ba 603  0.251
142Ce - 142Nd 1417 11.114

P. Belli et al., J. Phys. G 38 (2011) 015103

a
228Th <0.16 U.Th
226Rg <11 ’
221Ac = 280

138_.a =860

6.9 g CeCl; scintillator, 1638 h

1
Sm

& 1
1o 1500 2000 250

Energy (keV)

Main results (13°Ce) at 90% C.L.

2n2K
On2K
2n e*b
On e*b
2n2b*
On2b*

F.A. Danevich MEDEX 2011 Prague

>3.231016
>3.03 1016
>2.43 1016
>0.93 10%7
>0.93 1016
>0.73 10%7
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2b decay of 1%Cd

Resonant On2e

2718

2770(7) keV
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R&D of %°CdWO, from enriched 1°°Cd

naiCdWO, scintillators
" | .LTM.:...T&..@.;

APurification of enriched naCd
& 106Cd by vacuum
distillation ~ 0.1 ppm

ASynthesis of CdWO, &
106CdWO powders

AratCdWO, scintillators of
|mproved guality
(Czochralski method)
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RBernabeyet al.,Metallofiz. Nov. Tekhn. 30 (2008) 477 16
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Low-Thermal-Gradient Czochralski
technlque to grow crystal

PPPPPPPP
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|
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!
/ [ |

|

Nikolaev Institute of Inorganic Theoretlcally it
Chemistry, Novosibirsk, Russia. s houl d n ot however, it works

Ast anda LT3

Output 25-30% up to 90%

Quality typically higher

Radiopurity expected better (closed geometry of crucible)
Loses of powder 2-3% <0.3%
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195CdWOQO, crystal scintillator

66% of 196Cd, 2.663 1023 of 196Cd nuclei

Attenuation length 60 cm
never reported for CAWO,

106CdWO, boule 231 g (87.2%)
The total losses of 19%Cd =2.3%

i \ \/\FWHM =10%

00()

.—IS()()

Oco
1173 keV

l()OO 1&
‘ l 1333 keV

Counts / chann

il so% fX

106CdWQ, scintillator 215 g o)

0 500 1000 1500

Chan l

Excellent optical and scintillation properties thanks to special R&D to purify raw
materials and Low-thermal-gradient Czochralski technique to grow the crystal

[1] P. Belli et al., NIMA 615 (2010) 301 18
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