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An experiment to search for double beta (2B) decay of '°°Cd with the help of a
low-background cadmium tungstate crystal scintillator developed from cadmium enriched
in 198Cd to 66 % (106CdWO4, 215 g) is in progress at the STELLA facility of the Gran
Sasso underground laboratory (INFN, Italy). The 106CdWO4 scintillator is viewed by
low-background photomultiplier through a PbWO, crystal light-guide produced from
deeply purified archaeological lead. The detector operates in coincidence with the four
low-background HPGe detectors to search for 2f processes with the emission of gamma
quanta. Sensitivity of the experiment after 10678 h of data taking to different channels
of 2B decay of 198Cd is on the level of liInTl/2 ~1019-102! years. In particular, the limit
T1/22VSB+ >1.83 x 102! yr at 90 % C.L. reached the region of theoretical predictions.

Keywords: crystal scintillator, cadmium tungstate, isotope '°Cd, double-beta decay.

UccnenoBanua gsoiinoro Gera-pacmaza (2P) amep 108Cd Begyres B mozsemuOM naboparo-
puu I'pam-Cacco (Mranusa) ¢ HOMOINBI0 HUBKO(POHOBOrO CIMHTHJISAIIMOHHOIO KPUCTAJJIA
BOJB(pAMATA KagMUsi 18 KaiMusi, MSOTOIHO oboramenHoro 190Cd (106CdWO4, oboramresune
66 %, macca xpucramma 215 r). CruuaTUAIATOP 106CdWO4 TPOCMAaTPUBaeTCs HUBKO(POHO-
BEIM (hOTOYMHOJKUTeNEeM Uepes cBeToBog us Kpucranna PbWO,, usrorosrennoro us riytoxo
OYHUIINEHHOTO aPXeoJOrMUecKoro cBUHIE. lerekTop paboTaeT B COBUAJEHUAX C UYETHLIPHMS
HUBKO(POHOBLIMHU IOJYIPOBOJHNKOBLIMU AETEKTOPAMY M3 CBEPXUYMCTOrO TePMAaHUs IJIs OMC-
Ka 2[B-mpolleccoB ¢ MCIYyCKAHWEM TaMMa-KBaHTOB. UYBCTBUTENLHOCTL OSKCIEPUMEHTa s
pasubix Kananos 2P-pacmnaga '98Cd cocrapiser limTl/2 ~1019-102! ger. B wacrumocrnu, mpe-
Ien T1/22"€B+ > 1.8 x 1021 gocTur o6racTy SHAUEHHH TEOPETHIECKHUX LPELCKABAHMIN.
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Iomyk 203 mpomecie B 106Cd 3a gOMOMOroN CHMHTHIIALIHHOTO KpHCTAIa 106CdWO4.
O.I'.IToniwyx, II.Beani, P.Bepnabeii, B.6.Bpydanin, A Janesuy, C[J Ausceno, AInuiximmi,
&@.Kaneaaa, B.Kapauionno, M.JIay6enwmeiin, B.M.Moxkina, [].B.Iloda, B.I.Tpemsarx, I A.Tyni-

yuna, [.HYepuar, P.Uepyani.

Hocaimxenna mogsiiinoro Gera-posmany (2P) amep 106Cd Begyrhes y migsemmiil maBopa-
Topii I'pam-Cacco (Iranis) 3a mOIMOMOIo HH3BKO(MOHOBOIO CIMHTHUIAIINHOrO KpHCTAJIA
BoJB(pamMary Kaamiio 3 kaamio, isoronro sbarauemoro 1°0°Cd (106CdWO4, sbaravenHs 66 %,
Maca Kpucramna 215 r). CuuaTuiarop 106CdWO4 MIPOTASALAECTLCA HU3LKOMOHOBUM (POTOIIOM-
HOMKyBaueM uepes cBiTnoBoz 3 kpucrtara PbWO,, Burororsesoro 3 riamboxKo OUMIIEHOTO
apxeoJioriyHoro cBuHID. [leTeKkTop mpamioe y 306irax 38 woTupMa HU3HKODOHOBUMU Ha-

MiBUPOBIAHNKOBUMHU JETEKTOPAMHU 3 HAJUUCTOTO TepMaHilo AJA TOIIyKy 20 mporiecis 3 BuU-

MyCKaHHAM TaMMa-KBaHTiB. UyTiAWBIiCTL eKCIepUMeHTy AJd pisumx kauamis 20 posmamy
108Cd cramoBmTs limT1/2 ~1019-102! poris. Boxpema, mema T1/22"€B+ > 1.8 1021 gocarae

obJiacTi 3HAUeHb TEOPEeTHUYHUX IieperdaveHb.

1. Introduction

The investigations of the double-beta (2p)
decay are considered as a unique possibility
to test the Standard Model of particles (SM)
[1-5]. While the two neutrino 2P decay is
allowed in the SM and is observed for sev-
eral nuclei, the neutrinoless double beta
decay (0v2p) is forbidden in the SM since it
violates the lepton number by two units,
and can exist only if the neutrino is a mas-
sive Majorana particle. However, massive
Majorana neutrino is predicted by many SM
extensions.

At present the Ov2B~ experiments pro-
vide the most sensitive test of the proper-
ties of neutrino and weak interactions. Nev-
ertheless, investigations of double beta
"plus” processes are also requested since
they allow to refine mechanism of the 0v2f3
decay (neutrino mass or right-handed ad-
mixture in weak interaction [6]).

Isotope 108Cd (natural abundance is
1.25(6) % [7]) is among of the most widely
studied 2p* nuclides. Thanks to the large
energy release (Qgp = 2775.39(10) keV [8]),
theoretical calculations give favourable esti-
mations on probability of the 2B decay of
106Cd [6, 9-12]. Moreover, '98Cd is interest-
ing due to possible resonant Ov double elec-

tron capture to excited levels of 106Pd [9].
Cadmium tungstate crystal scintillator

was produced from cadmium enriched in
106Cd to 66 % (106CdWO4) by using the low-
thermal-gradient Czochralski method from
the deeply purified enriched cadmium and
tungsten. The scintillator shows excellent
optical and scintillation properties, low ra-
dioactive contamination [13, 14].
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2. Experimental

The '06CdWO, scintillator is viewed
through a lead tungstate (PbWO,) crystal
light-guide (240 x 83 mm), developed from
the deeply purified low-radiocactive archae-
ological lead [15, 16], by 3 inches low radio-
active photomultiplier tube (PMT)
Hamamatsu R6233MOD. The detector is in-
stalled inside an ultra-low background set-
up GeMulti with four HPGe detectors
(=225 cm?3 each) in a well between the HPGe
detectors. The schema of the set-up is pre-
sented in Fig. 1.

An event-by-event data acquisition sys-
tem (DaQ) accumulates the pulse profiles of
events in the '96CdWO, and HPGe detec-
tors. The software of the DaQ calculates
and records the energy of HPGe events,
while the energy of 106CdWO4 events and
coincidence between the 106CdWO4 and

Top view O
e 4 p P \‘ " >
PbWO, \
(archaeological | - HPGe 225 cm
lead)

.
Side \\

Fig. 1. Schema of the low-background set-up
with the 106CdWO4 crystal scintillator viewed
by PMT through PbWO, light-guide. The
scintillator is installed between four HPGe
detectors.
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Fig. 2. The energy spectrum of the vy(f)
events accumulated over 10678 h in the low
background set-up with the 106CdWO4 crystal
scintillator in anticoincidence with the HPGe
detectors (points) together with the back-
ground model (solid line). The main compo-
nents of the background are shown: the dis-
tributions of internal and external 4°K, inter-
nal 228Th and 238U with daughters, and the
contribution the external y quanta from U
and Th contamination of the set-up in these
experimental conditions.

HPGe detectors are calculated off-line. The
energy resolution (FWHM) of the HPGe de-
tectors is 2.0 keV for 1332 keV y quanta of
60Co. The 106CdWO4 detector was calibrated
with 22Na, 60Co, 137Cs and 228Th y sources.
The energy resolution of the detector can be
described by the function: FWHM =
V20.4><EY, where FWHM and Ey are in

keV. The experiment is running deep under-
ground at the STELLA facility of the Gran
Sasso National Laboratory (INFN, Italy) on
the depth of 3600 m of water equivalent.
The experiment is described in more detail
in [17], where also preliminary results of
the data taking over 8233 h are reported.

3. Results and discussion

The energy spectrum of y(p) events accu-
mulated with the 106CdWO4 detector in an-
ticoincidence with the HPGe detectors over
10678 h is presented in Fig. 2. The o events
were removed from the spectrum by using
the pulse-shape discrimination technique.
The spectrum was fitted by the model built
from the energy distributions simulated by
the EGS4 code [18].

The energy spectrum measured by the
106CdWO4 detector in coincidence with
511 keV events at least in one of the HPGe
detectors is presented in Fig. 3. A Monte
Carlo simulated model of the background
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Fig. 3. The energy spectrum of the 106CdWO4
detector accumulated over 10678 h in coinci-

s
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dence with 511 keV annihilation y quanta in
the HPGe detectors (circles). The model of
background is shown by solid line. The Monte
Carlo simulated distributions of the 2vef™*
and 2v2BT decays, and the Ov2e transition of
108Cd to the 2718 keV excited level of '%Pd
excluded at 90 % C.L. are shown.

built by using the fit of the anticoincidence
spectrum well reproduces the coincidence
data. A measured counting rate in the coin-
cidence spectrum (143 counts in the energy
interval 50-3000 keV) is in agreement with
the model of the background built using the
anticoincidence data fit parameters
(139 events).

There are no peculiarities in the coinci-
dence data accumulated with the 106CdWO4
detector that could be ascribed to the 28
processes in 196Cd. The lower half-life lim-
its can be estimated by using the following
formula:

limTy =N -€-t-1n2/1im8, 1)

where N is the number of '98Cd nuclei in
the 196CdWO, crystal (2.42 - 1023), ¢ is the
detection efficiency, ¢t is the time of meas-
urements, and limS is the number of events
of the effect searched for, which can be
excluded at a given confidence level (C.L.).

To estimate limS wvalues, the measured
number of events in the coincidence data
was compared with the supposed model of
the background, built by using the fit of the
anticoincidence spectrum. E.g. there are
33 counts in the energy interval 600-
1200 keV, while the model contains
36.7 events. In accordance with the Feld-
man-Cousins procedure [19], it corresponds
to limS = 7.2 counts at 90 % C.L. Taking
into account the Monte Carlo calculated de-
tection efficiency (7.59 %) for the 2vef*
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Table. Half-life limits on 2B processes in '%Cd (at 90 % C.L.). Comparison with theory is given

T1/2 (yr)

Best previous limits Theory

Decay channel, level of
198pg (keV)
Present work
2v2e, 0,7 1184 >3.0-10%°
0v2e, g.s. >5.6-1019
2vept, g.s. >1.8-1021
2vept, 0,7 1134 >1.4 102!
Oovept, g.s. >9.8.10%20
2v2p*, g.s. >4.2-1021
0v2BT, g.s. >2.5-1021
Res. 0v2¢, 2718 >7.4-10%0
Res. Ov2e, 2741 4% >8.0 - 1019
Res. 0v2¢, 2748 (2,8)” >1.8-10%0

>1.7-1020 [14]
>1.0 - 1021 [14]
>8.4-1020 [17] 8.3 - 1020 [20]
2.7 -1022 [12]
7.7 - 1022 [11]
>9.4-1020 [17] 1.1-10%7[12]
>2.2.102! [14] 3.4 - 10%6 [6]
(1.8-2.8) - 1026 [9]
2.4 - 1027 [12]
3.1-1027[11]
4.8 - 1027 [6]
(1.9-3.2) - 1027 [9]

1.1 - 1024 [12]

>2.5-1021 [17]
>1.2-1021 [14]
4.3 - 1020 [14]

>9.5-1020 [14]
>4.3-1020 [14]

decay of 198Cd to the ground state of 106Pd,
a part of the 2vef™ distribution in the en-
ergy interval (59.5 %), and the 99 % time
efficiency of the coincidence of 106CdWO4
events with 511 keV events in the HPGe
detectors (in total, ¢ = 4.7 %), we got the
following half-life limit on the process
searched for:

TP > 1.3 - 1021 yr at 90%C.L.

The half-life limits on 2f processes in
106Cd to the ground state (g.s.) and to the
first 07 1134 keV excited level of 196Pd ob-
tained in a similar way. Limits on possible
resonant Ov2e¢ transitions to the excited lev-
els 2718 keV, 2741 keV 4%, and 2748 keV
(2,3)” of 108Pd have been also set. The lim-
its are presented in Table.

4. Conclusions

An experiment to search for double beta
decay of 198Cd with enriched in '98Cd (to
66 %) low background 106CdWO4 scintilla-
tion detector (215 g) in coincidence with the
four crystals HPGe y spectrometer GeMulti
is in progress at the Gran Sasso under-
ground laboratory (INFN, Italy). The sensi-
tivity of the experiment after 10678 h of
data taking is on the level of limT,, ~
1019-1021 yr, In particular, the Iimit
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Ty,p2VP* > 1.8 - 102! yr reached the region
of the theoretical predictions (see Table).
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