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FIRST RESULTS OF THE EXPERIMENT TO SEARCH FOR 28 DECAY
OF '®Cd WITH THE HELP OF '"CdwWO0O, CRYSTAL SCINTILLATORS

An experiment to search for 2 processes in '**Cd with the help of '“°CdWO, crystal scintillator (mass of 215 g),
enriched in '°Cd up to 66 %, is in progress at the Gran Sasso National Laboratories of the INFN (Italy). After 1320 h of
data taking, limits on double beta processes in '*Cd have been established on the level of 10" — 10% yr, in particular
(all the results at 90 % C.L.): Ti»(0v2g) > 3.6 - 10 yr, Typ(2vef")>7.2 - 10" yr, and Ti,(2v2B7) > 2.5 - 107 yr.
Resonant Ov2e processes have been restricted as 7,,(0v2K) > 1.4 - 10 yr and T,,(0vLK) > 3.2 - 10° yr. A possible
resonant enhancement of the Ov2¢ processes is estimated in the framework of the QRPA approach.

Keywords: double beta decay, '°°Cd, CdWO, crystal scintillator.

Introduction

Neutrinoless double beta decay (0v2p) is a
powerful tool to investigate properties of neutrino
and weak interaction. Study of this extremely rare
effect could determine an absolute neutrino mass
and its hierarchy, establish nature of neutrino
(Majorana or Dirac particle), check the lepton
number conservation, possible contribution of right-
handed admixture to weak interaction, existence of
Nambu-Goldstone bosons (majorons).

The isotope '°Cd is one of the most promising
objects for 23 experiments thanks to large energy
release (O =2770 £ 7 keV [1]) and comparatively
high natural abundance (6 =1.25 + 0.06 % [2]). The
decay scheme of the triplet '*Cd — '"Ag — 'Pd is
presented in Fig. 1. Experiments fulfilled to-date
give only T}, limits on 2P processes in '°Cd on the
level of 10" - 10* yr [3 - 7]. Taking into account
theoretical calculations [8 - 14], double beta decay
of '°Cd could be detected at the level of sensitivity
of 10*' - 10* yr.

Cadmium tungstate (CdWO,) crystal scintillators
were successfully applied in experiments to search
for double B decay [3, 6, 16], investigations of rare o
[17] and B [18, 19] decays of cadmium and tungsten
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Fig. 1. Decay scheme of '"Cd [15]. Energies of excited
levels and emitted y quanta are in keV (relative
intensities of y quanta are given in parentheses). O, is
the double beta decay energy.

isotopes. A cadmium tungstate crystal scintillator
enriched in '“Cd to 66% (‘“CdWO,) was
developed with the aim to realize a high sensitivity
experiment to search for 2P processes in '*Cd [20].
First results of the experiment are presented here.
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Experiment

The "°CdWO, scintillator (227 - 50 mm, mass
of 215.4 g) is fixed inside a cavity 47 - 59 mm
(filled with high-purity silicon oil) in the polystyrene
light-guide @66 - 312 mm. Two high purity quartz
light-guides 366 - 100 mm are optically connected
on opposite sides of the light-guide. The assembling
is viewed by two 3" low radioactive EMI9265
photomultipliers (PMT). The detector is installed in
the low background DAMA R&D set-up at the Gran
Sasso National Laboratories of the INFN. It is sealed
in a low radioactive Cu box flushed with high purity
nitrogen gas to avoid presence of radon. The Cu box
is surrounded by Cu (10 cm of thickness), 15 cm of
lead, 1.5 mm of cadmium and 4 to 10cm of
polyethylene/paraffin. The shield is contained inside
a Plexiglas box, also flushed by high purity nitrogen.
An event-by-event data acquisition system records
amplitude, arrival time, and pulse shape of events by
a 1 GS/s 8 bit DC270 Transient Digitizer by Acqiris
(adjusted to a sampling frequency of 20 MS/s) over
a time window of 100 ps. Energy dependence of the
detector energy resolution was measured with *Na,
Ba, "Cs, *Th and *"Am sources as

FWHM, = |11.2-E , where E, is the energy of y
quanta; FWHM, and E, are in keV.

Results and discussion

The energy spectrum of y(f) events accumulated
with the '°°CdWO, detector over 1320 h is presented

in Fig. 2. The y(B) events were selected by pulse-
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Fig. 2. Energy spectrum of y(3) events measured with
1CdWO, scintillator over 1320 h in the low-
background set-up. (Inset) Beta decay of '“™Cd
dominates at low energy (the data obtained over 268 h).

shape discrimination described in [21, 17, 22]. The
counting rate ~24 counts/s below the energy of
~ 0.6 MeV is mainly due to the beta decay of '*™Cd
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(Op =584 keV, Ti,=14.1yr [15]) with the activity
112 + 10 Bg/kg. The contamination of the enriched
%Cd by '™Cd has been detected in the low-
background TGV experiment [23]. Contributions to
the background above the energy 0.6 MeV were
analyzed by the time-amplitude (see, e.g. [24, 25])
and the pulse-shape discrimination techniques, as
well by fit of the energy spectrum (the procedure is
described in [6, 16, 19]) by models of background
(internal *’K, *'Bi, U/Th, external y rays from the
set-up) simulated with the help of the EGS4 code
[26]. Two peaks at ~ 1.06 and ~ 1.63 MeV can be
explained by contamination of the crystal by *’’Bi.
The data on radioactive contamination of 'CdWO,
crystal are presented in Table 1.

Table 1. Radioactive contamination of '**CdWO,
crystal. Data for "6CdWO, from [6, 17] and for
CdWO, [19] are given for comparison

Chain | Nuclide 'OGC[?;;;;\(/)I:Y (nll]}%g/é(\%)(il Cl'yétgi?svo‘t
Z2Th | #’Th <0.1 0.053(9) <0.026
28Th 0.053(5) 0.039(2) <0.014
My [ Pu <0.3 <0.6 <0.045
20T <0.8 <0.5 <0.18
22°Ra <0.3 <0.004 <0.018
210pg <0.3 <0.063
Total o activity 2.1(1) 1.40(10) 0.26(4)
(U/Th)
PR <11 0.3(1) <5
Bcd 174" 91(5) 558(4)
1Bmeg 112 000(5 | 0.43(6) <34
000)
207Bj 1.3(3)
‘Calculated taking into account the isotopic

composition of '*Cd in '®CdWO, and the half-life of
13¢Cd [19].

There are no peculiarities in the spectrum which
could be ascribed to the double B processes in '*°Cd.
Therefore only lower half-life limits can be set
according to formula: lim7,,=N 7¢In2/lim S,
where N is the number of '°Cd nuclei (2.420 - 10%),
n is the detection efficiency, ¢ is the measuring time,
and lim S is the number of events of the effect
searched for which can be excluded at a given
confidence level (C.L.). To estimate values of lim S,
the experimental energy spectrum was fitted in
different energy intervals by the sum of components
representing the background (internal *’K, *“'Bi,
U/Th, external y from the details of the set-up) and
the expected models for 2B processes in '°Cd
simulated by using the EGS4 code. Some examples
of the energy spectra of 2f processes in '"°Cd are
presented in Fig. 3. The fits allow us to set limits on
the processes of 2B decay in '°Cd presented in
Table 2.

125




P. BELLI, R. BERNABEI, R.S.BOIKO ET AL.

- 7 1
2wyl 10
= 3 V2K, res
& 1 Ovie, gs. ] [
s 1 2
6 10 “ W/\V |
1l 22K, g5 \
1-|"'|""|""" RSI— S—
] 1000 2000 3000 2000 3000
2vep’, g5 - Ovep’, g5

2vefi’, 1128

H 10 avep’, 512
| . [ PR S

— ——rl
3000 0 1000 2000

s S -
0 1000 2000 3000

" v2p°, g.s.

3000

0 o IIiN}lIJI I IElHH‘FI I EILLI 0 v IlNVIIII I.".[;(K‘P
Energy, keV

Fig. 3. Simulated response functions of the '"’CdWO,

scintillator to 2 processes in '%°Cd.

Table 2. Half-life limits on 2 processes in '**Cd

Experimental limit on 7,
clﬁ:rcliZI Level of "Pd Preser?tt = (y];eCStL };revious
work limits

0v2e g.s. >3.6-10% > 8,(E6.]1018
2vef” g.s. >72-10" > 4,1[5.]1020
27 512keV | 29.0-10" 22,6[5~]1020

2, 1128keV | >23.2-10" > 1,4{5.]1020

0/ 1134keV | >3.5-10% 21,6[7.]1020

OveB” g.s. >21-10° | 3,7[5.]1020
2v2B° g.s. >25.100 | = 2_?5.] 102
2/ 512keV | 232-10% > 1,7[7-]1020

0ov2p" g.s. >21-100 | = 2_4{5.]1020
Rf)sVoannt 2741 keV 232100 | 2 1.6[7~]102°

In case of Ov capture of two electrons from the K
shell (or L and K shells) of cadmium atom, energy
release of 2721 +£7 keV (2742 +£7 keV) is equal,
within the errors, to the energy of the excited levels
of 'Pd with E..=2718 keV and 2741 keV [15].
Such a coincidence could give a resonant
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enhancement of the Ov2g capture [27, 28]. The limits
on the resonant 2g processes obtained by fit of the
experimental data are presented in Table 2.

The resonant 2B half-life of '°°Cd was estimated
by wusing the general formalism of [27] and
calculating the associated nuclear matrix element in
a realistic single-particle space using a microscopic
nucleon-nucleon interaction. We have used a higher-
RPA (random-phase approximation) framework
called the multiple-commutator model (MCM) [29,
30]. We have assumed that the spin-parity of the
resonant levels is 0. The half-life can be written as:

1023 )C2 +9.42 eV2

Ti,=5.561"
v (m,)?

yr, Q)

where x = |Q -E | and (m,) (the effective Majorana

neutrino mass) are in units of eV. Here Q is the
difference in atomic masses between '*°Cd and '*°Pd
and E contains the nuclear excitation energy and the
hole energies in the atomic s orbitals. The
dependence of the half-life on x (Fig. 4) gives a
strong motivation for precise measurements of the
atomic masses’ difference between '*°Cd and '"°Pd,
and properties (spin and parity) of the 2718 and
2741 keV excited levels of '“°Pd.
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Fig. 4. Calculated dependence of the half-life of '°Cd
relatively to the resonant Ov2¢e capture to excited levels of
'%pd on parameter x (see text) for different values of the
effective neutrino mass.

Conclusions

An experiment using a cadmium tungstate crystal
scintillator enriched in '*Cd up to 66 % is in
progress in the DAMA R&D set-up at the Laboratori
Nazionali del Gran Sasso of INFN. After 1320 h of
data taking we have estimated radioactive
contamination of the 106CdWO4 scintillator relatively
to U/Th (total a activity) on the level of = 2 mBq/kg.
The main components of background of the detector
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are B active '"™Cd (112 Bg/kg) and *'Bi
(1.3 mBg/kg). By analysis of the experimental data
we have set limits on 2B processes in '"°Cd on the
level of 10" - 10®yr. A possible resonant
enhancement of Ov2g processes was estimated in the

framework of QRPA approach. A sensitivity of the
experiment to different 2B processes in '“°Cd after
~ 3 yr of measurements is expected to be on the
level of ~ 10*' yr.
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A. C. Hikouaiixo, J. B. Ilona, P. b. lloasisiniok, O. I'. lloaimyk, /I. [Ipocnepi, B. H. Illnereas, 0. I'. Ctenin,
H. Cyxonen, B.I. Tpersik, SI. B. Bacuiben

NEPIUI PE3YJbBTATU EKCOEPUMEHTY IO NOIIYKY 2B-PO3MALY '**Cd
3A JJOIOMOI'OI0 KPUCTAJIYHUX CUHUHTUWISATOPIB *CdwO,

ExcriepumenT 1o momryky 2B-nponecis y '°°Cd 3a gomomororo kpucranivaux cuuatHasTopis ' *CdWO, (3 Macomo
215 1), 36arauennx '*Cd 1o 66 %, npoxomuts y HamioHanbHiii maGopatopii I'pan Cacco HamionaasHOro iHCTHTYTY
sanepHoi ¢izuku (Itamis). Ilicns HakomuueHHs AaHUX mpotsaroM 1320 roxuH OTpUMaHO OOMEKEHHS Ha MeEepioJu
HAMIBPO3MaLy AT moBiiHux Gera-npomeci y '*°Cd ua pisni 10" - 10* pokis, 30kpema (yci pesyabTaT JaloThes 3
90 %-Hot0 0Bipuor0 iiMoBipHicTIO): T,(0v2e) > 3,6 - 10* pokis, T\,(2vep’)>7,2- 10" pokis ta T)n(2v2p")>
>2.5-10% poxiB. PesomancHi Ov2e mpomecn obmexeni sk T1,(0v2K) > 14 -10° poxie Ta T;,(0VLK)>
> 32 - 10%° pokis. MosxmBe pesoHaHcHe miacrieHms 0v2e Mporecis po3paxoBane B paMkax mMoxeni QRPA.

Kniouosi croea: monsiitauii 6eta-posnaz, '*°Cd, xpucranidnmii crpaTHasTop CAWO,,.

II. Benn, P. Bepuaéeii, P. C. boiiko, B. b. bpynanun, ®. Kanneana, B. Kapauunosio, P. Yepysn,
. M. Uepnsik, @. A. Nanesuu, C. 1'Anmxeno, A. E. locopuukuii, E. H. 'anamos, A.IHuukurTH,
B. B. KoOb1ueB, C. C. Haropusbrii, ®. Hounoau, b. H. Kponussincknii, B. M. Kynosoenko, A. JI. Mux/us,
A. C. Hukoanaiixo, /1. B. Iloga, P. b. IlogBusiniok, O. I'. Ilomnmyk, /1. [Ipocniepn, B. H. Hlnerens,
10.T. Crennn, M. Cyxonen, B. U. Tpersik, 5. B. Bacuiben

MEPBBIE PE3YJBTATHI DKCIHEPUMEHTA IO MOUCKY 2B-PACITAJIA '"°Cd
C MOMOIIbIO KPUCTAJVIMYECKAX CHUHTUJLIATOPOB '"CdWO,

IKCTEPUMEHT 110 MOHCKy 2B-mpomecco B '*°Cd ¢ MOMOMIBIO KPHCTAIHUECKHX CHMHTHILIATOpoB '*CAWO, (c
Maccoit 215 ), oGoramenusix ' °Cd 10 66 %, npoxoaut B HanmonansHoii naGoparopun I'pan Cacco HanmoHamsHOro
uHCTUTYTA siaepHoi ¢pusuku (Uranus). [locne HaKoIIeHUs JaHHBIX Ha MPOTsHKeHUuH 1320 4 mosry4eHsl OrpaHUYeHus Ha
MepUOJ NOJTypactaza Jjsi ABOHHBIX OeTa-IpoIeccoB B 1%Cd na YpOBHE 10" - 10% ner, B wactHOCTH (BCE pe3yIbTaThl
natorcs ¢ 90 %-Hoil J0BepUTENBHON BepoaTHOCTBIO): T1,(0v2g) > 3.6 - 10 ner, Ty,(2vep’)>7,2- 10" ner u
T15(2v2B") > 2,5 - 10%° ner. Pesonancubie 0v2e mpomeccs orpanmaeHs! Kak 11,(0v2K) > 1,4 - 10% ner u T',(0vLK) >
>3 - 10% ner. Bo3moxkHOE pe3oHancHOE yeuaeHne 0v2e IPOIeccoB OIeHeHo B paMkax Mozemn QRPA.

Kniouegbie cro6a: asoitnoii 6era-pacman, '*°Cd, kpucranmueckuii cupnTimmsirop CAWO,.
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