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The resonant Ov2e:

2 decay of osmium
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[1] C.M.Baglin 2010 Nuclear data sheets for A4 = 184 Nucl. Data Sheets 111 275
[2] C.M.Baglin 2012 Nuclear data sheets for .4 = 192 Nucl. Data Sheets 113 1871
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Os isotopes

o (%)
Isotope [UPAC [1] This work . ' N
= The Os isotopic composition was analyzed at the
lﬂﬁgz ?'23?64} ?gégggg John de Laeter Centre at Curtin University
1870 1.96(17) 1.8794(6) (Pf:rth, WesFern Austral-la) '\Vltljl high precision
188 ) 13.24(27) 13.253(3) using negative thermal ionization mass
905 16.15(23) 16.152(4) spectrometry™.
05 26.26(20) 26.250(8)
205 40.78(32) 40.86(5)

[1] J. Metja et al., Isotopic compositions of the elements 2013 (IUPAC Technical Report), Pure Appl. Chem.
88, 293 (2010).
*P. Belli et al., PRC 102, 024605 (2020)



The Os sample and experimental set-up (Ist configuration)

The experiment has been realized with the help of an ultra-low
background HPGe detector (465 cm?’) and an ultrapure osmium
sample (173 g, 99.999% purity) at the Gran Sasso National
Laboratory of the INFN (Italy).

The detector was shielded by copper (= 10 cm) and lead (= 25

cm).

E Z ‘lzpt:slfi“&ﬁ Energy spectra measured with the ultralow
é _]‘ J °. 3?313255 i 0K 1460.8 back.ground HPGe y spectrometer with the
}:3 10 H0s 3 e, 6617 osmium sample over 2741 h (Os) and
2 o f Ac,911.2 without the sample over 1046 h
“ £ 271, 1063.7
Nl 0c, 21Bi, 1764.5 20871, 2614.5 (Background).
11732
02 | 13325 e o
| 2B processes in 1840s have been limited at the level of
limT,,~ 10— 10%yr.
Possible resonant double-electron captures in 1840s
were searched for with a sensitivity of T, ,~10%yr.
0 -3__ Background . A half-life limit T2 5.3x10%yr (90% C.L.) was set for
; HN“ M ‘ | M ¥ the 2B decay of 1920s to the first excited level of 192pt.
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The Os sample and experimental set-up (2nd configuration)
2013)49:24

. The experiment has been realized with the help of an ultra-
W—— low background broad-energy germanium detector (112 cm?)
it Bl and a thin osmium sample (118 g) at the Gran Sasso

- M National Laboratory of the INFN (Italy).

The ingots were cut into thin slices with a
thickness of (0.79-1.25) mm by

electroerosioncutting with a brass wire in
kerosene.
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P. Belli et al., PRC 102, 024605 (2020)
P. Belli et al., J. Phys. G: Nucl. Part. Phys. 48, 085104(2021)



Radioactive trace impurities in the Os sample
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Results of the 2nd stage of the experiment
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After 15851 h of data taking new limits on
2EC and electron capture with positron
emission in 1%*Os were set at the level of
lim 7}, ~ 10'6-10"7 yr.

In particular, the 2v2K and 2vKL decays of
18405 to the ground state of 34W are
restricted as T, > 3.0 X 10%® yr and

T;,, > 2.0 X 10 yr, respectively.

A lower limit on Tj ,, for the 2 decay of
19205 to the first excited level of ?Pt was
set as lim 77, = 2.0 X 102 yr at 90% C.L.



New configuration of the experiment with Os

\ The main part q _
of the osmium /@)

slices before

assembling on

a plastic /@

support [

(@)
A sample of Os /
(1) in form of (

slices is located
on the top of
the Ge crystal
(4); (2) detector
end cap; (3)
crystal holder.

Osmium metal pieces (58.78 g) glued to a plate mounted
directly on Ge crystal of the detector at LNGS to improve
the detection efficiency to low energy gamma-ray quanta.

t = 23840 h

measur.



Energy, keV

Energy calibration and energy resolution
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Counts/ 5 keV
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Energy spectrum with Os on the cup of the BEGe detector
and inside the cryostat of HPGe detector
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nts/ 0.33 keV
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Low energy part of the spectrum with Os on the cup of the
BEGe detector and inside the cryostat of HPGe detector
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Data analysis
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Feldman-Cousins procedure [1] was applied for the peaks area at the position of the signal

searched for, obtaining the following sensitivity (also combining the data of the 2nd stage
experiment)

8105, 2v2EC — "W, 111.2 keV: peak area: 21.9 + 29.2 - lim § =70 — T}, > 7.9 X 10" yr
8105, 2v2K — 18] 1002.5 keV: peak area: 4.8 £ 6.3  —1lim § =151 > T, , > 3.5 x 1017 yr
810s, 2vKL — %W 903.3 keV: peak area: -1.5+ 7.8  —1lim S=11.4 =T, ,>23 x 107 yr

[1] PRD 57, 3873 (1998) 12
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Level of
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2+1431.0

g.s.
g.s.

g.s.
2+111.2
2+111.2
2+903.3

0+ 1002.5
2+1121.4
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Energy, keV
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903.3
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903.3
1319.8

1313.1-1314.5
1370.5-1373.8
1427.9-1433.1

1201.9-1203.3
57-69
903.3
310.6-312.0
757.3
903.3
1275.1
903.3
316.5

Results

&
0.0034
0.0123

0.02397
0.00802
0.01056
0.00967
0.00518
0.01002

0.01838
0.01827
0.01833

0.01911
0.01584
0.01019
0.03773
0.00736
0.01045
0.00966
0.00517
0.04820

[1] J. Phys. G: Nucl. Part. Phys. 48 (2021) 085104
The detection efficiency was simulated with the GEANT 4 package and the DECAYO0 event generator

X g Xt + N, X g X t)/ (lim_(5,+5,))
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0.004773
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21,9
-1,5
4,8
1,4
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1,5
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7,8
7,3
7,8
7,8
6,8
7,8

32.9

Tl,z_sum

7.9 x 1015
2.3 x 10Y/
3.5 x 10Y/
1.5 x 10V
1.9 x 1017
6.8 x 1016
9.0 x 1016
1.1 x 107

1.6 x 1017
3.4x 1017
7.3 x 1016

7.6 x 1016
6.3 x 1016
5.9 x 1016
4.9 x 101/
1.3 x 1017
1.9 x 1017
6.8 x 1016
9.0 x 1016
1.2 x 1020

Ty [1]

1.1 x 1016
7.6 x 1016
2.8 x 10%7
8.5 x 1016
6.1 x 1016
6.3 x 1016
2.9 x 1016
1.3 x 1017

1.6 x 1017
1.3 x 1017
7.3 x 1016

7.6 x 1016
1.9 x 1016
5.9 x 1016
4.9 x 10%7
7.6 x 1016
6.0 x 1016
6.3 x 1016
2.9 x 1016
5.3 x 1019



BucaoBku

Tpu eranm ekcriepuMenTy 3 momyky 203-posmaay 1920s

OyAO BHKOHAHO 32
AOIIOMOIOIO 3pa3Ka HAAYHUCTOIO OCMIIO Ta HAAHHU3BKO(OHOBUX ACTEKTOPIB Y
miA3emHiE Aabopartopil I'pan-Cacco (Iraais).

Hac Ha00py AaHHX KOKHOTO eramry ckAaB 2741, 15851 ta 23840 roamm, BIATOBIAHO.
I3oTOmmHMIT CKA2A 3pa3ska OCMIIO BUMIPAHO 3 BHCOKOIO TOYHICTIO 32 AOIIOMOTOIO MaC-
CHEKTPOMETPIl 3 HEraTUBHOIO TEPMIYHOIO 10HI3AmIEI0 y AOCAIAHUIIBKOMY IIEHTPI
Awxona ae Aetirepa, yaisepcurer Keprina (ABcrpants).

Bcranosaeno HOBi oOMmexenHs Ha Tepioam HarmiBposmaay $*Os BIAHOCHO ABO- Ta
OE3HEUMTPUHHOI MOA ITOABIFTHOIO €AEKTPOHHOTO IIOIAWHAHHA (2€) Ta €AEKTPOHHOIO
OTAMHAHHS 3 BHIIPOMiHIOBaHHAM mosutpona (eB7) ma pismi 10¢ — 107 poxis (3
AOBipuOrO IMoBipHicTIO 90%). Takox BcraHOBAeHO OOMexeHHs Ha 2~ posmaa P2Os
Ha niepriuuil 36yAkennit pisens sapa V2Pt sk 1.2 X 1020 poxis.

IcHye MOXKAHMBICTD IIOKPAINIEHHS 9YyTAHBOCTI EKCIIEPUMEHTY 32 AOIIOMOTOIO

3barauenoro isorory '#*Os (Bike €) Ta MOKAMBOI peecTparlii O-pO3IMaAiB i30TOMIB
184,186()

14
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The thickness has been
determined taking into
account the sample mass
(58.78 g), the Os density
(22.57 g/cm3) and the
shape of the sample
shown in Fig.

with a max diameter of
70.5 mm and thickness
of 0.8 mm.

sigmalkeV] =
sqrt(1.41+1.97*E[MeV]) /
2.35482

-3 -2 1 0 1 2 3 4



