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Abstract. Cadmium tungstate crystal scintillators enrichedCd to 82% {!CdwQ,, total mass of1.2

kg) are used to search fop2lecay of*'®Cd deep underground at the Gran Sasso National Laboratory of the
INFN (ltaly). The radioactive contamination of t"CdwWQ, crystals has been studied carefully to reconstruct
the background of the detector. The measured half-lifé'%d relatively to 228 decay isTf/szﬁ =[2.8 =
0.05(stat.)+ 0.4(syst.)] x 10'° yr, in agreement with the results of previous experiments. The obtained limit
on the 328 decay of*'®Cd (considering the data of the last 8696 h run with an advanced background 0.12(2)
countgyr/kg/keV in the energy interval.Z—2.9 MeV) is Ty, > 1.0x 107 yr at 90% C.L. The sensitivity of the
experiment to the¥®g process is linTy,, = 3x 10?2 yr at 90% C.L. over 5 years of the measurements and it can
be advanced (by further reduction of the background by a fact803to the level of linily, = (0.5-1.5)x 10?*

yr for the same period of the data taking.

1 Introduction estimations (see e.g. [5]). Moreover, existence of excel-
lent detector, cadmium tungstate (CdW®cintillator, al-
The rarest nuclear decay among observed — double betgeady used for2decay searches [13—15] allows to realize
decay (8) — is a powerful tool to check physics beyond “source= detector” experiment with a high detectiofiie
the Standard Model (SM) of particle physics. Allowed in ciency. In addition, detector based on cadmium tungstate
the SM two neutrino double beta decay2g) has been  scintillator has several features (see e.g. [15, 16]) which
registered for only 11 nuclides with a typical half-lives in are very important for such kind of studies: low level of in-
the range of 18 — 10°* yr (see e.g. in [1, 2]). Neutri- trinsic radioactivity, good scintillation properties, particle
noless double beta decayv@8) — forbidden in the SM  dentification ability, relatively low cost of the scintillation
process — should exist, if neutrino is a Majorana particle, material, stability for long term operation.
thanks to recently observed non-zero masses of the neu- Recently an enriched!CdwOo, crystal scintillator

trino [3]. The observation of they@8 decay will testify  \uith a large mass (1.87 kg) has been developed from
the lepton number non-conservation, the Majorana naturejeeply purified raw materials, and a new high sensitje 2
of the neutrino, an absolute value and hierarchy of the NeUgxperiment has been started in February 2011 at the Gran
trino masses. Theyd3 decay is also sensitive to an exis- gasso National Laboratories (LNGS) of the INFN (ltaly)

tence of the right-handed currents, hypothetical particleg17). The results of the last run performed from October
(majorons) and otherfiects beyond the SM (see the re- 2012 ill October 2013 will be reported here.

cent reviews [4-9] and references therein).
One of the most promising candidates for thed-
cay search i$'°Cd thanks to high2energy releasedy; o Low-background experiment
=2813.50(13) keV [10]), large natural isotopic abundance
(6 = 7.49% [11]), availability of enrichment by relatively

cheap centrifugal method [12], and promising theoreticalghe experiment has been performed deep underground (

600 m w.e.) at the LNGS (Italy). The description of the
3e-mail: poda@kinr.kiev.ua detector and low background set-up at the previous stages
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of the experiment one can find in Refs. [17, 18]. Here weE’ 104 1461,y T22P=[2.8 + 0.05(stat.) + 0.4(syst.)] x o
outline the main features of the last stage.

Two 6CdWQ, crystal scintillators (586 g and 589
g) were fixed inside polystyrene light-guides (eX@94
mm). The cavities inside the light-guides were filled with
the Ultima Gold AB (PerkinElmer) liquid scintillator (LS).
Two high purity quartz light-guides (270200 mm) were
glued to the polystyrene light-guide on both sides. The
detectors were viewed from the opposite sides by two
low radioactive 3" photomultipliers (PMTs, Hamamatsu ]
R6233MOD). The detector modules, covered by the 3M ] iy G e
foil to improve the light collection, were installed inside a ]
low radioactive air-tight Cu box at the DAMA/R&D set- .
up. Copper bricks 5 cm thick were used as an additional 10
passive shield. The Cu box was continuously flushed with
high purity nitrogen gas to remove the residual environ-
mental radon. Outer passive shield consists of high purity
Cu (10 cm thick), 15 cm of low radioactive lead, 1.5 mm
of Cadm"_Jm a_md 4 to,lo Cm c_)f polyethylene/parafﬁn. Themeasured with théCdWQ, scintillation detector over 8696 h
V_VhOIe shield is Conta'r_‘ed InS!de E.‘ Plexiglas box, also CONYp the low-background set-up (points with error bars) together
tinuously flushed by high purity nitrogen. with the fit (solid black line). The main components of the back-

An event-by-event data acquisition system based omyround are also shown: 28 decay of**Cd, the distributions of
a 1 GS/s 8 bit transient digitizer (Acgiris DC270) was internal*°K, °Sr-0Y, 232Th, 238, and cosmogeni¢'®"Ag, the
used to record time of each event and scintillation pulse-contribution from externay quanta from the details of the detec-
profiles. The energy scale and the resolution of the detor (*LS”, “PMT") and set-up (“Cu”) under these experimental
tector was calibrated by using the referedéda, ©°Co,  conditions. The energies are in keV.
137Cs, and??®Th y sources. The energy resolution of the
detector was FWHM 4.3(4)% &,; of 11°Cd.

2v2pMcd

2615, VoI

Counts / 20
[5=Y
Ow

2813, ov2ptecd

| 4000
Energy (keV)

Figure 1. (Color online) The energy spectrum ¢fB) events

(2v25 = 0.986), the number fCd nuclei in the used en-
3 Results and discussion riched'6CdWOQ, crystals (1162.25 g, enrichment 82.2%,

Ni1g = 1.584x 10 nuclei), time of measurements t
The data at this stage were collected over 8696 h. The apg.992 yr), one can calculate the half-life 8€Cd rela-
plied data analysis is similar to the one described in [17].tively to the 2128 decay by using the following formula:
Thell(gnergy spectrum of(8) events accumulated with TZ2 =In2- psp - NaiPo - 12v25 - N1s - t/ Sz6. The de-
the “*CdWQ, detector and selected off-line by the pulse- o4 paif jife T2 = [2.8 + 0.05(stat.) + 0.4(syst)] x
shape and the front edge analyzes is shown in Fig. 1. Theio19 . / ith th | h . i
background model was built from possible components _yrisin agreement with the results of the previous ex
like internal 40K, 9Sr9%, 110mAg " radionuclides from periments (see ;’able 2) and the recent world average value
U/Th chains, external from the details of the set-up, 28 (2.8+0.2)x 109yr [31].
decay oft16Cd simulated by using the EGS4 [19] and De-  In case of the 023 decay of'*°Cd to the ground state
cay0 [20] codes. The radiopurity of thCdWO, crystals ~ ©f *1°Sn we should see in the experimental spectrum a
is reported in [17, 21, 22]. The radioactive contamination Peak at the energy 2.8 MeV. There is no such peculiar-
of the PMTs [23] and the sample of Ultima Gold AB lig- ity in the spectrum, therefore only lower half-life limit on
uid scintillator has been measured at the STELLA HPGethe process can be set according to formula:'ﬂfr)@” =
facility of the LNGS (ltaly). The radiopurity of Cu has N2 7psp * 17ipo - Tlovzs - Nie - t/lim S. Hereno,z; is the
been derived from the fit of the background spectrum anddetection efficiency for the @g process (equal to 0.947),
it is comparable with the results of the low background lim S is the number of 023 events which can be excluded
measurements with the Cu samples (see e.g. [24]). Taat a given confidence level (C.L.), and other parameters are

ble 1 contains radiopurity level of the main sources of thedescribed above. The fit gives the area of thgdpeak as
background. (2.3 + 4.4) counts. It corresponds to ligh= 9.2 counts

Fit of the background spectrum and the main com-at 90% C.L. according to the Feldman-Cousins procedure

ponents of the background are also presented in Fig_1[302v . Substituting all parameters, one can obtain the limit
. . 3 i i

The fit gives the number of the 28 events ofl16Cd as ~ Ty2 = 1.0X 103 yr at90% C.L., which is on the level of
Sazs = (34927+ 614) counts for the total distribution. ~the Solotvina experiment [15] (see Table 3).
The signal to background ratio in the energy range of  One can derive the similar result for theXpdecay of
1.6 - 2.4 MeV is~ 2:1. Taking into account the effi- *'8Cd by using also the “1@pproach”. For example, there
ciency of the applied pulse-shape discrimination proce-areN = 28 counts in the region of interest (ROI) 222.9
dure (1psp = 0.92), selection of thé*?Bi-Po events (gipo MeV, where the detection efficiency for the2Byprocess
= 0.99), detection efficiency to the process searched fois 0.849. The value lir$ in such a case can be taken as
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Table 1. Radioactive contamination of the details of 8CdWO, detector {**CdWO, crystals No.1 and No.2, liquid
scintillator LS,and PMTs) and the inner part of the low-background DAMA/R&D set-up made from Copper.

Nuclide Activity (mBg/kg)

T8 CAWO, No.1  ™®CdWQO, No.2 LS PMT Copper
2%Ra 120(20)
2287 0.031(3) 0.054(5) 83(17)  0.025(14)
238 0.5(2) 0.7(2)
226Ra < 0.005 <0.005 430(60)  0.011(3)
210pq 0.6(2) 0.8(2)
K <09 <09 1600(200) 540(160) 0.04(1)
0V5r0y  <0.1 <0.1
Himpag <07 <0.7

Table 2. The half-lives of 228 decay of*'°Cd (g.s.—g.s.) measured in the &periments. The signal to background ratio (S:Bg),
main experimental features, and the total exposure are also presented.

T2Z (100 yr) S:Bg Experiment Exposure (kgxyr) Year [Ref]
=2.6f§;§ 13 ELEGANT V,T%Cd foils 0.02 1995 [25]
=2.7 "5 (stat.) 02 (syst.) 1:1  Solotvinai!*CdWQ, scintillators 0.04 1995 [13]
=3.75+ 0.35(stat.y: 0.21(syst.) 4:1  NEMO-2116Cd foils 0.11 1995 [26, 27]
=2.6+ 0.1(stat.)*37(syst.) 4:1  Solotvinai**CdwQy scintillators 0.18 2000 [14]
=2.9+ 0.06(stat.) 34(syst.) 3:1  Solotvinat'®CdWQ, scintillators 0.48 2003 [15]
=2.88+ 0.04(stat.} 0.16(syst) 10:1 NEMO-36Cd foils 1.95 2010 [28-30]
=2.5+0.5 2:1  Present'®*CdWOQ;, scintillators 1.04 2012 [18]
=2.8+ 0.05(stat.}+ 0.4(syst.) 2:1  Present®CdwQy scintillators 1.15 2013

Table 3. The half-life limits on the 023 decay of*'Cd (g.s.—g.s.) established in the &gperiments. The background rate in the
region of interest (Bg in ROI), main experimental features, enrichment, and the total exposure are also presented.

ngﬂ (yn Bgin ROI Experiment Enrichment Exposure Year [Ref.]
at 90% C.L.  (counts/yr/kg/keV) (%) (kgxyr)
> 2.9x 10 ELEGANT V, I5Cd foils 90.7 0.02 1995 [25]
>2.9x 107 0.53 Solotvina*®CdwWQy scintillators 83.0 0.08 1995 [13]
>5.0x10% 0.02 NEMO-2,16Cd foils 93.2 0.11 1995 [26, 27]
> 7.0x 107 0.03 Solotvinal®CdwWQ, scintillators 83.0 0.18 2000 [14]
>1.7x 107 0.04 Solotvinal®CdwWQ, scintillators 83.0 0.53 2003 [15]
> 9.4x10% ~9 COBRA, CdznTe semiconductors nat. 0.05 2009 [33]
> 1.3x 107 0.005 NEMO-31%6Cd foils 93.3 1.95 201028, 30]
>9.2x 1070 ~1 COBRA, CdznTe semiconductors nat. 0.23 2013 [34]
>1.0x 108 0.12 Present®CdwWQ, scintillators 82.2 1.15 2013

1.64 VN = 8.7 counts at 90% C.L. So, the calculated half- (quartz) between the crystal and the PMT, by replacing the
life limit ngﬁ > 0.97x 107 at 90% C.L. is very close to PMT by another one with a higher level of radiopurity (e.g.
the one obtained from the fit of the background spectrum.Hamamatsu R11065SEL) and by recrystallization of the
The background 0.12(2) counts/yr/kg/keV in the ROI "-°CAWO, crystals to decrease thorium thanks to observed
allows us to reach a sensitivity to the half-life ofZhde-  low segregation of Th and Ra by cadmium tungstate [21].
cay of126Cd equal to limTy, = 3x 1023 yr at 90% C.L. The first two modifications have already been applied in
over 5 years of measurements. In a case of further reducOctober, 2013. In addition, the Ultima Gold LS polluted
tion of the background by a factor-30, the sensitivity can by “°K has been replaced by the Borexino LS and the new
be advanced to the level of lify, = (0.5- 1.5)x 10°4 measurements are in progress.
yr (it corresponds to the effective neutrino maéss) =
0.4-14eV).

The main components of the background in the ROI
remain 2615 ke\y quanta of%TI from contamination of A low-background experiment using enrichBdCdWQ,
the set-up by3°Th, and?®®TI from internal contamination  scintillators (total mass of 1.16 kg, enrichment ¥§Cd
of the6CdWQ, crystals by??2Th. The background could to 82%) is in progress at the LNGS of the INFN (ltaly).
be suppressed by removing of one PMT from each de-The exposure of the experiment at the last stage of the data
tector module, by installation of an additional light-guide taking (October, 2012 — October, 2013) is 1.1%x¥kg The

4 Conclusions
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energy resolution of th&'5CdWQ, detector is FWHM=  [10] S. Rahaman etal., Phys. Lett7B3, 412—416 (2011)
4.3% atQy of 1°Cd, the background counting rate was [11] M. Berglund, M.E. Wieser, Pure Appl. Cher83,
reduced to 0.12(2) counts/yr/kg/keV in the region of inter- ~ 397-410 (2011)
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