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1%34 (&2(.,'5%.&6+,655',/2.
U 89 0 ISOD12 34815, &

Effective atomic number 66 622 $°5738%194R14)-%. % (08134, - &
3%08.-<#&% 4.) & 012,34&% ,0-.3-$$43&
Density (g/cm3) 7.9 "634-.9%)B20#33-. /85" #$98.) &1-)-./ &
: - -381'40%6&
Melting point (jC) 1325
Refractive index 2.2-2.3
Emission maximum (nm) 475 -490
Scintillation time constants (JUs) ~15 (89%), ~4.6 (9%), ~0.8
(2%), ~0.15 (0.5%) [1]
Light Yield * 15000 photons/MeV
Linearity of the energy response Ex\c;ellent, down to ~100 -G @&I%SS-ALP=89%384$=A8 CDEREBH?HARI?:
e
Energy resolution (FWHM, %) @ 662 ~7.0-10
keV
Pulse-shape discrimination ability Excellent

>?@&!141)%SBBLEFERER., 31#9-R%38 &F&GHHIA&JIKALNMN 4
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A 106CdWOQO, crystal (approximate sizes + 27 mm x 50 mm, mass 215
g) enriched in 198Cd at 66 % was developed [NIMA 615 (2010) 301]
and used in the experiment:

Stage 1 (2012) [PRC 85 (2012) 044610]: '9CdWQO, crystal was
fixed inside a cavity in the central part of a polystyrene light-

guide. The experimental apparatus was located in the
DAMA/R&D setup.

Stage 2 (2016) [PRC 93 (2016) 045502]: 96CdWOQO, crystal in
coincidence with 4 ultra-low-background HPGe detectors of the
GeMulti setup of the STELLA (SubTErranean Low Level Assay)
facility.

Stage 3 (2020) [Universe 6 (2020) 182]: '9%CdWOQO, detector in
coincidence with two large-volume CdWO, scintillator
detectors in the DAMA/CRYS set-up to improve the detection
efficiency to, quanta emitted in the 2- processes in 196Cd.
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DAMA/R&D: high-purity copper 10 cm thick,

‘EH>A?JCCA )IE) . . .
' Ho=r, ) 15 cm of low-radioactive lead, a 1.5 mm layer
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5 . - i "
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P~ N e of the two CdWO, (+70 mm x 38 mm)
0% ()
I3z scintillators which almost completely
) oy envelop the enriched crystal.
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# 1075 days of data taking

Anticoincidence mode (AC):

An event in the 1%CdWOQO, detector with
an energy > 500 keV.

Coincidence mode (CC):

An event in the 1%CdWO, detector with
an energy > 50 keV in coincidence with
at least one of the CdWO, counters with
E > 50 keV.

Counts/keV
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Setup 238 234y 230Th 226R4 210pp 232Th 228R4 228TH 40K 176 56Co 60Co
Component
106cawo 4 0.65(3) <0.04 <0.4 <0.02 0.0174(14)* <0.24 1.68(3)
CdWO, 0.29(7) <0.2  1.40(7) <0.002 0.89(4) <0.01 <0.03 0.012(2)* <2
Plastic <8.9 <11 <11.8 <28 <11 <87
scintillator
Optical <59 <79 <32 <13 <95 <260
couplant
Tel3on tape <4.1 <2.0 <31 <6.4 <2.8 <12
TeBon support — _, , <13 <73 <50 <52 <97
details
Q. lg. for
CdWO, <1.0 <34 <3.2 <0.6 <04 <1.2
. lg. for
1Q°GngWO4 <35 <9.3 <20 <91 <147 <40
Internal <492 <0.09 <28 <0.16 <0.04 <24 <0.08 <0.07
copper
External <17 <0.46 <039 <008 <0.73
copper
PMTs for
CAWO, <920 <1530 <1500 <1420 <1630
PMTs for
108CAWO 4 <1400 <2500 <2500 <450 <2320
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$ The main background contributions arise from the PMT, the light guide and the internal contamination
of the 19%CdWOQO, crystal. 12
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Decay  Level of 195pq, Theoretical Ty/,, Years limT,, Years
keV Previous Result Present Work

2" 24+ g.s. (5.4" 880)! 10?°[47,4850], >2.4! 10?7 [49 4.41 10°1[54 1.7) 10?2
512 (1.5" 25)! 10?7 [4755,56] 41! 1071 [54 1.5! 1072

0" 2#* g.s. (1.4" 32)! 10?7 [47,55061] 5.9! 1021 [67] 22! 1072
512 4.1 102154 1.51 10%2

2" EC#" g.s. (1.4" 240! 10°1[47,4850663), >2.7! 10%2[49] 2.1! 10%1[67] 7.7 1071
512 (5.3" 24)! 10?°[51,57],>1.1! 10°°[49 3.3! 10?154 9.9! 10¢%
1128 3.7! 10°0[51] 2.0! 10°1[54 1.21 1072
1134 (1.3" 13)! 10%%[51,57],>1.1! 10?7 [49 25! 107154 1.3! 10?2

0"EC#' g.s. (1.0" 17)! 10?%[32,47,55,56] 1.4! 10%2[67] 1.51 10%2
512 9.7! 1071[67] 2.11 10%2
1128 1.0! 10%2[67] 1.91 10?2
1134 (1.0" 21)! 10?°[32,55,57,58] 2.7! 101 [54 2.11 10%2

[32] Suhonen, J. Phys. Lett. B 2011, 701, 490-495. [53] Ejiri, H. J. Phys. G 2017,44, 115201.

[47] Stoica, S.; Klapdor-Kleingrothaus, H.V. Eur. Phys. J. A 2003, [54] Leoncini, A. et al. Phys. Scr. 2022, 97, 064006.

17, 529-536. [65] Suhonen, J.; Aunola, M. Nucl. Phys. A 2003, 723, 271-288.

[48] Shukla, A. et al. Eur. Phys. J. A 2005, 23, 235-242. [56] Rath, P.K. et al. Phys. Rev. C 2009, 80, 044303.

[49] Domin, P. et al. Nucl. Phys. A 2005, 753, 337-363. [57] Suhonen, J. J. Phys. Conf. Ser. 2012,

[50] Raina, P.K. et al. Eur. Phys. J. A 2006, 28, 27-36. 338, 012030.

[51] Suhonen, J. AIP Conf. Proc. 2011, 1417, 115-119. [68] Suhonen, J. Phys. Scripta T 2012, 150, 014039.

[52] Pirinen, P.; Suhonen, J. Phys. Rev. C 2015, 91, 054309. [62] Belli, P. et al. Universe 2020, 6, 182.
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Decay Level of 10p(, Theoretical Ty, Years limTy,o, Years
keV Previous Result Present Work
21 2EC g.s. (2.0! 230)" 10%0[47,4850653 1.7" 10?163 b
512 (1.5! 9.4 " 10?7[51,57], >4.0" 10%6[49 9.9" 10%0[64] 2.2" 102
1128 9.9" 10%8[51] 6.6" 10°°[67] 9.3" 10%°
1134 (1.1! 11)" 10*3[51,57] 1.0" 1071 [64] 1.4" 1071
1562 (2.4! 43" 10?8[57, >5.4" 107849 7.8" 10%0[67] 7.9" 102
1706 >1.9" 10%°[49 7.1" 10%9[64] 46" 1021
2001 >8.9" 1074 [49] 1.5" 1071[627] 1.4" 1074
2278 >2.1" 1077 [49] 1.0" 1071[64] 1.8" 10%
0! 2EC g.s. 1.0 10°1[39] 1.2" 1021
512 5.1" 107939 1.9" 10*1
1128 5.1 10°0[64] 1.7" 10%1
1134 1.1" 1071 [64] 2.2" 1021
1562 1.4" 104167 2.0" 1021
1706 2.0' 10%1[67] 1.7" 10241
2001 1.2' 10?1 [64] 3.3" 1041
2278 1.2 107167 1.2" 101
Res. 0 2EC 2718 (3.2! 9.7)" 10°?[57], >5.2" 10?*[65,66], >7.9" 1073[37] 2.9" 10°1[67] 2.0" 10
2741 >5.2" 10°4[66] 9.5" 10°0[39] 1.2" 10%
2748 2" 10791 2" 10%4[29 1.4" 10?1 [64] 1.9" 1024

[39] Belli, P. et al. Phys. Rev. C 2012, 85, 044610.

[64] Belli, P. et al. Phys. Rev. C 2016, 93, 045502.

[65] Suhonen, J. AIP Conf. Proc. 2010, 1304, 85-93.

[66] Belli, P. et al. AIP Conf. Proc. 2010, 1304, 354-358. 15
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One of the most sensitive (1’ experiments to search for (1 decay of 1°6Cd with an enriched 196CdWO,
scintillator in coincidence with two large volume CdWOQO, counters was carried out at the LNGS (ltaly).

I After 1075 days of data taking, we provide new improved half-life limits on the different channels and

modes of 196Cd ( 1 decay at the level of 2346 .5 ' 578%978%¥ years.

I A new half-life limiton (: ;< 1' decay to the g.s. of 1%Pd was set as 234E6.$#§‘;( ) He Exm7gs Yyears, in
the region of the theoretical predictions of 102'-1023 years.

I The half-life limits on near resonant 8: ( ;< SWlecay transitions to the 2718 keV, 2741 keV, and 2748 keV
excited levels of 1%Pd have been set at the level 23@-% K+ @%5A (8)% 78% Hears.

' The main sources of background are the PMT, the light-guide and the internal contamination of
the 19%CdWOQO, crystal, which affect the sensitivity to ( 1 decay processes.
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Description

Ty limit (yr)

Year [Ref. No

Cd samples between photographic emulsions

Cd foil in a Wilson cloud chamber

1 1015(0" 2! F,0'# )

6" 10'(0" 2! *)

Cd sample between two Nal(Tl) scintillators in coincidence (2.2# 2.6)" 10Y7((0" +2")2! *)

116CdwO 4 crystal scintillator

CdWO, crystal scintillator

Cd sample measured by HPGe detector

CdTe cryogenic bolometer

106cd sample between two Nal(TI)
scintillators in coincidence

118CdwWO, crystal scintillator

CdzZnTe semiconductor detectors (COBRA)

Cd samples between planar HPGe detectors(TGV)

CdWO, enriched in 1%Cd up to 66%

106CcdwO 4 enriched in 196Cd up to 66%in
coincidence with HPGe detectors with
four Ge crystals

106CdwO 4 in coincidence
with two large volume CdWO 4

(4.9# 57)"
15"

107((0" +2")#1+)
107(2" 2#)

(0.5# 1.4)" 10'80"2! *)
(0.3# 1.1)" 109(0"# *)

58"

22"
9.2"
55"
26"

1017(2" 2#)

10190 2! *)
1017(2" 21 *)
10M°(0"# *)
10M7(2"#1 )

1.0" 1019((0" +2")2! *)

(6.6# 8.1)"
(35# 6.2)"

14"

(1.6# 2.4)"
(L.1# 4.1)"
(3.0# 7.3)"

(0.5# 1.4)"
(0.1# 7.0)"
(0.6# 8.0)"

(0.9# 2.7)"
(4.9# 47)"

10'8((0" +2")#1 *)
10'8((0" +2")2#)

1016(0"#1 *)

1079((0" +2")2! *)
10P0((0" +2")#1 *)
1019((0" +2")2#!)

1019((0" +2")2! *)
1019((0" +2")# )
10'8((0" +2")2#)

1018((0" +2")2! *)
10'8((0" +2")#1 *)

16" 1017((0" +2")2#)

36"

1029(2" 24

1.1" 107°(0" 2#, 2741keV)

(L4# 1.7)"
(1.1# 1.6)"

1020((0" +2")21 *)
1020((0" +2")# )

16" 107°(0" 2#, 2718keV)

(21)"
@3)"

1oy

1

1070(2"#1 )
1079(2" 21 +)

" 10740" 2#)

10PL(2"#1 +)

4" 10242 *)

1952 [294]

1955 [295]

1984 [296]

1995 [297]

1996 [298]

1996 [299]

1997 [300]

1999[301]

2003[252]

2009 [302D305]

2011[306]

2011[307]

2012[292]

2016[293]

2019[308]
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