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Double Beta Decay Experiments at Kiev

Yu. Zdesenko
Institute for Nuclear Research, Kiev, 252028, USSR

ABSTRACT: Search for double beta decay of 116cd and

198Hg was made in the Solotvina underground laboratory
operating at 1029 m w.e.

1. INTRODUCTION

The underground laboratory of the INR (Kiev) was built in

the operating Solotvina salt mine. The Laboratory is
situated 430 m deep from the earth surface that corresponds
to 1000 m w.e. Cosmic ray flux iz reduced by a factor of

about 104. Due to a low radicactive contamination of salt
the natural 9¥-background in Seolotvina Laboratory is 19-100
times lower than in other underground laboratories [11. Low
background scintillation and semiconductor detectors were
used successfully for investigations of double beta decay
and other rare processes.

2. SEARCH FOR 28 DECAY OF !16¢q

The energy released in the 28§ transition !18¢a - 11635y i3
280@2(4) keV {2]. To search for 2§ decay a CdWO4 scintillator

enriched by 116c4 to ©3% has been used C[31]. Samples of
metallic Cd were obtained from the State Foundation (819 g,
91%). After purificatien by vacuum distillation Cd was put
in the form of the oxide CdD. &4 cadmium wolframite single
crystal with a mass of 519 g {(11.2 cm long, max diameter 3.5
¢m) was groun by the Czochralski techknique from a composite
material prepared by sintering a mixturse of the oxides WOy

and Cd0. The crystal was then cleaved into five samples and
the best one (3.4 ¢m in diameter, 2.2 ¢m height) was used in

the measurements. The number of 116C4 nuclei in this sample
is 2.18x1023,

The first experiment was carried out with a simple counter
consisting of a photomultiplier, a gquartz light pipe (5 cm
diameter, 5 cm long! and the crystal. The energy resclution
of the detector uwas 156% and 9% at the energy of 662 and 2615
keV, respectively. The detector was surrounded by a shield
of mercury (8 cm thick), lead (23 cm) and polyethylene (32
cm), After 1@18.8 h of counting at the Solotvina underground
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laboratory the lower limit of £.3x1021 ¥y was found for the
neutrinoless &8 decay half-life of 116¢q  (at the confidence

tevel of $0%r [23.

The =set up was then changed in order to improve the
sensitivity. Two crystals (the enriched - 19.2 cm? and the

natural - S6.5 cn3) were coupled to photomultipliers through
the light pipe 9 cm long. The active shielding of the
detectors consists of four well-type Csl crystals with
diameter of 15 cm and the full 1length of 4@ cm. The

118c4Wo4, CdWO4 and CsI scintillators were shielded by high
purity mercury (8 cm thick), liead (23 cm) and polyethylene

(24 cm). The plastic scintillator (110x110x6 cn3) was placed
under s5et up and operated as an aatimuon shielding.

The wmeasured spectra are shown in Figures 1 and 2 (the
enriched crystal - 2588 h, the natural one -~ 2525 h). The

peaks observed in the spectra are caused mainly by 4PK ang
208T) from PMT's and !37Cs from Csl counters. There are two
differences in our sSpectra® an increase in counts below 320
keV faor the natural crystal and a small peak at the energy
of about 800 keV for the enriched crystal. The first
difference can be attributed to the fourth—-ferbidden B decay
of 113Cd with half-life of about 1016 y (2I1. The second one

can be caused by dparticles from an intrinsic radiocactive
contamination of the enriched scintillator. We measured the

a-background of the crystals and found the spectrum of the
enriched crystal likes the d-spectrum of 238y st  the
contamination level of about (1-2)1x1@” 19 g/g. Only limits
Wwere set for the presence of 232Th (sx1e~ 11 gsg) and 22BRa
(316717 grg) #n the enriched crystal.

Within the energy region of ©0¥f decay of 8¢y (2e76-2928
keV? the background rate of LIBCqwo, is Tx1070
counts/hs/keVscmS. Using this rate, number of nuclei and time
of measurement, the limits were calgulated for half-life of
2p decay of l1Ecg:

orep ~(3-51%1021 y '(B88% C¢.L.)
Qv M ~ 1.0x102l y (8% C.L.)
2¥28 ~ 4.5x1018 y (g9% c.L.1

Comparing our experimental result with theory [41 we find
the limit on neutring mazs to be less than 8 eV. Now ue

plane to use four 11ECANWO,; crystals, to improve the energy
resolution and to reduce the background of the detectors. We

hope to reach the half-life limits of 1023 years and the
corresponding neutrino mass of about 1.5 eV.
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2. LOW BACKGRCUND HPGe DETECTOR AND RARE DECAYS OF HMERCURY

& laboration with Max DPlank Insiitut
fuer Kernphysik (Heildelberg, Germany) [5,8]1. The intrinsic
p-type Ge coaxial detector (PGT) (the active volume of 165
ecm3, the relative efficiency of 28.7% and the energy
resolution FWHM of 1.9 keV at the 1333 keV) was used. The Ge
crystal without any construction units was overpacked into a
iow background cryocstat, which waz made of +titanium and
oxygen free copper. The cooled stage of the pre-amplifier
was zituated into the cryostat. Finally +the detector had
following characteristiczs: the efficiency - 35{4!%, FWHHM -~
2.7 keV, the operating bias - 2000 V.

Ml 2 = wrem o 1. Ty = a
LR ] WL wa .o TR

The first layer of the passive shielding is mercury, which
encloses the detector completely. Inside the cryostat a
container with mercury is placed too. A mercury thickness is
changing from 9 to¢ 3@ cm. Then the layers of oxygen free
copper (11-1% cm), lesad (23-3@ cm) and polyethylene (24 cm}
follows. The full weight of Pb is equal to 12000 kg, Cu -
ige@ kg, Hg - 57@ kg. The overall shield thickness i3 equal
to 629 g/cm2 from the upper part, 570 g/cm2 at sides and
B500-65¢ g/cm2 from bottom. The wveto antimuon shielding
consists of plastic scintillator of 117x114%9 cm3. The

protection against electromagnetic induction and
‘microphonic’ noise was in action too [B],

As a result the background rate <f the detector within 190-
2850 keV was equal to 20.6 counts/h and within the energy
region of 0#f decay of 7"SGe was equal to 2.4 countssy/keV/kg
that corresponds to the best low background HPGe detectors.
All peaks in the spectrum have been identified: they belong
to 49g, 134,137cs and to 235,2380 snd 232Th family members.

For instance the intensity of the 2615 keV peak fron 2087
Wwas about ©.06 counts/h. A breaking of secular equilibrium
in the 238y family has been observed: peaks of 228Ra and its
daughter products were absent. This may take place in metals
as a result of technological processes [7,8]. We calculated
the impurities of Ti (walls of the cryocstat and containers):
2x10-9 grg - 232Th; 2x10~1@ g/g - 235y; 1.Bx1078 grg - 238U
(only 234TL), These levels are in good accordance wuwith
previous measurements [S]. Now we have made the cryostat
from silicon of the semiconductor purity and hope to reach
the background rate less than 1 count/yskeV/kg in the energy
region of QB decay of 7BGe. But even +the existing
background and S7@ kg of mercury placed around the detector

allows to establish limitz on the probability of some rare
decays of mercury.

lseﬂg can undergo, e.g. a double electron capture. The
abundance of 198Hg is @.15%, atomic mass difference 198Hg -
196p¢ is equal to B82¢(3) keV. Taking into account the K-
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electron binding energy and the Or2K capture =energy (6863.2

keV) the nucleus may be de-swxcitiug by tugs ¥guanta with
energy of 3@7.% and 3%5.7 keV. Thsse peaks are absent in thée
background spectrum for 11@2.6 h (Figure 3) and the average

rate in the region of 300-400 keV iz egual to 1.8(0. 1)x1072
countssh/keV. The data in the vicinity of possible peaks are
fitted by the least-square method as sum of two functions: a
linear f{background) and Gaussian (effect) with given
position and variance. It was obtained that the peak area at
the energy of 307.5 keV doesn't exceed 13 counts and at
355.7 keV - B countz (C.L. 68%). The calculated efficiency
is equal to 6.5x10"4 (307.5 keV) and 7.7x10"4 (355.7 keV).
It leads to the following estinates of 19€Hg half-life:

Lim Ti,o (@12K) =9.6x10!7 years (Eg207.5 keV)
Lim Ty,p (@M2N=2.5x1015 years (Ey=355.7 keV)

These valuez 7 and 16 times exceed the limits determined
earlier (9].
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Fig. 3. HPGe detector background spectrum

It is known that the pion condensate in nuclear matter can
result in a second nminimum for the dependence of nucleus
energy on its density. If this mirnimum corresponds to a
density and binding energy higher +that in an ordinary
nucleus the nuclsus may transit in superdense state
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spontaneously [1@3. Lifetimes limits (3x1021-102% y) yuere
measured [113 for some nuclei except Hg. In our work (6] we
attempied 1o detect a high energy fTradiation from 570 kg
(1.72x1027 quclei) of mercury which may accompany the
hypothetical transitions [111].

The background spectrum in the range of ©.5-26 MeV measured
during 805.9 h is presented in Figure 4. The background rate
above 4 MeV is extremely low: 7.5x1076; 1.5x10°9; (1-31x10-6
counts/h/keV at the energy region 4-5; %~5.5% and 6-2B MeV,
respectively. Taking inte account the efficiency, +the
following limit of Hg lifetime concerning & transition into
a superdense state is obtained:

Lim 7= (0.8-1.51x1022 years (95% C.L.)
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Fig. 4. HPGe backgroupnd spectrum in the interval @.5-26 HeV

The discovery of cluster radicactivity [12] in 1984 excited
a great interest to this phenomencn. Several nuclides

decaying with 14C, 24Ne and 28Mg emission have been found.
For a hbetter understanding of this process it is desirable
t0 enlarge the number of investigated rnuclei. With this

purpose limits on probability of mercury decay With 24Ne and
284g emission have been studied in our laboratory (B3,

The cascade emission of tuo Pyuanta (2754.0 keV and 13688.8
keV} is a final result of 2%Ne decay. The Z8Hg decay is
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accompanied by Y-quantum of 1779.0 keV. Peaks with these
energies have not been detected. The half-life limits for
various mercury isotopes calculated with the confidence

level of 95% are lying betueen {(1.3-3.7)x1021 y. It shkould
be noted that +these are the highest limit= obtained in
experimental searches of cluster radiocactivity.
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