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The indication for thea decay of **W with a half-life T¢,=1.1"3%(stat)* 0.3(syst)< 10'® yr has been
observed for the first time with the help of the superlow backgrot¥f8dwWQ, crystal scintillators. In a
conservative approach the lower limit on half-life $PW has been established a,(1*W)=0.7x 10" yr at
90% C.L. In addition, newl§,, bounds were set for decay of ¥, 83w, 84, and #W at the level of
1079 yr.
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[. INTRODUCTION to the developed technique of pulse-shape analysis of the
data, which allows us to distinguish events caused par-

Alpha decay is allowed energetically for the five naturally ticles from those byy rays (8 particles.
occurring isotopes of tungstéf], but it was never observed
up to now. Thea activity of tungsten witha particle energy
of about 3 MeV and half-lifel , ,= 2.2X §x 10" yr (wheres IIl. EXPERIMENT AND DATA ANALYSIS
is the relative abundance of isotopeas declared in an early A. Experimental setup
experiment with the nuclear emulsion techni2g Because
the Q,, value for all natural tungsten nuclides, excépiw,
is less than 2 MeV, the result of R¢2] could be attributed
to a decay of 18W (5~0.12%[3]) with T,,,=2.6x 10" yr.

Hoyvever, this opservation was ruled out in the WM—*’ in Laboratory(allocated in a salt mine 430 m undergroyad])
which the cadmium tungstate (CdWyPOcrystal scintillator 4 rasults were published elsewh§te,12. The high pu-

(mass of 20.9 gwas used as a source and detectoraof rity 18CdWO, crystal scintillators, enriched if%Cd to
decay events simultaneously. After 193 h of measurementgzo, were developed and grown for the sedit®]. Their
the limit T,,=>1.0x 10" yr was established4]. A similar light output is ~30%—35% of NalTl). The fluorescence
restriction (T1,>9.0x 10" yr) was also obtained in experi- peak emission is at 480 nm with principal decay time of
ment (66.7 h of expositiop with ionization counter(1200  ~14 s [13]. The CAWQ refractive index equals 2.3. The
cn? in areg and a thin(83 ug/cnt) sample of W(with total  density of the crystal is 7.9 g/énand the material is non-
mass of 79 myenriched in'8%W to 6.95%][5]. hygroscopic and chemically inert. In the apparaisese, for

These bounds were improved only recently in the meadetails, Ref[10]) four **6CdWOQ, crystals(total mass 330 )y
surements with two scintillators: CdWwQmass of 452 g, are exploited. They are viewed by a low background 5 inch
running time of 433 h and *%CdWO, enriched in*'Cd to  EMI photomultiplier tube(PMT) with a RbCs photocathode
83% (91.5 g, 951 h[6]. The limits on the half-lives for ~ through a light guide2 10X 55 cm, which is glued with two
decay of different W isotopes were set in the range ofparts: quart225 cm and plastic scintillatofBicron BC-412,
~10'-10"° yr (see Table)l 30 cm. The enriched"*%CdWQ, crystals are surrounded by

In this paper the new results of the Kiev-Firenze experi-an active shield made of 15 natural CdW@ystals of large
ment (2975 h of expositionon o decay of natural tungsten volume with total mass of 20.6 kg. These are viewed by a
isotopes are describdthe preliminary analysis of the 975 h PMT through an active plastic light guide17x49 cm. The
data was presented in R¢8]). They were obtained with the whole CdWQ array is situated within an additional active
help of the superlow background spectromé¢igl] based on shield made of a plastic scintillator A%0x95 cm, thus,
enriched 1'%CdWOQ, crystal scintillators. The sensitivity of together with both active light guides, a complete dctive
this apparatus to measuseactivity was enhanced substan- shield of the main {!5CdwWQ,) detector is provided.
tially in comparison with our previous worl6] mainly due The outer passive shield consists of high purity copper

(3-6 cm, lead (22.5-30 cm and polyethyleng16 cm.
Two plastic scintillators (1281303 cm) are installed
*Present address: INFN, Laboratori Nazionali del Gran Sasso,
1-67010 AssergiAQ), ltaly.
TCorresponding author. Email address: zdesenko@kinr.kiev.ua *From 1998 by the Kiev-Firenze collaboration, REO].

The setup used in our study was originally devoted to the
search for the neutrinoless double beta decay*8Ed [10].
The 28 decay experiment is carried out by the Institute for
Nuclear ResearchKiev)! in the Solotvina Underground
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TABLE I. Theoretical and experimental half-liveésr limits at 90% C.L) for @ decay of natural W
isotopes obtained in the present work. The uncertainties of calculatedalues are related with uncertain-
ties of theQ, . The most stringent previous experimental bou(fisf. [6]) are cited for comparison.

Isotope, Q.. MeV® CalculatedTy,, yr ExperimentT 45, yr
abundancd® Based on Refl7] Based on Refl8] Present work Based on R¢f]
180y 2.5165) 8.3 15x 10" 2.0704x 10" 11703 10'®

0.121)% =0.7x10'8 =7.4x10'°
183y 1.7743) 3.0°32x 10%2 1.4793x10% =1.7x10%° =>8.3x 10"
26.5016)%

183y 1.6823) >57"13x10®  =0.8x10%° =1.9x 108
14.314)%

184y 1.6593) 3.8°38x10% 2.6°38x10% =>1.8x10%° =>4.0x 10"
30.642)%

186y 1.1237) 8.7 142x 107 2.0°29< 1077 =1.7x10%° =>6.5x 10"
28.4319%

aReferencd3].

bReferencd1].

above the passive shield and are used as cosmic muon vetaergiegthe so-calledr/g ratic®) depends on the energy of
counters. The setup is carefully isolated against environmenhe absorbed particld$]. Because we are looking for the
radon penetration. All materials for the installation were pre-decay of W isotopes, such a dependence must be precisely
viously tested and selected for low radioactive impurities inmeasured in ther energy range of 1-3 Me\see Table)l
order to reduce their contributions to background. Unfortunately, among nuclides from U/Th families there are
An event-by-event data acquisition system records th@o o« emitters with such energiedhe lowest availablex
amplitude, arrival time, additional tagthe coincidence be- energy is 4.0 MeV fron?32Th). To overcome this problem,
tween different detectorsand pulse shap@n 2048 channels a special method of calibration was developed, in which a
with 50 ns channel widthof the %CdWO, detector in the collimated beam ofx particles from the?*’Am source was
energy range 0.085 MeV. passed through a thin absorber with known thickness, thus
The energy scale and resolution of the spectrometer wengie energy ofa particles after absorber can be calculated
determined with they sources?Na, ‘%K, ®Co, ¥'Cs, precisely. Furthermore, it was measured with the help of a
207gj,  226Ra, 2%2Th, and?*!Am. The energy dependence of surface-barrier semiconductor detector. The dimensions of
the resolution in the energy interval 62615 keV is ex- the collimator are®0.75x2 mm, and the thickness of a
pressed as follows: full width at half maximum (FWHM) single mylar film absorber is 0.65 mg/émBy using this
= — 44+ \/2800+23.4 E.,, where energyE,, and FWHM, technique and different sets of absorbetsparticles with
are in keV. For instance, energy resolutions of 33.7%, 13.5%¢nergies of 0.46, 2.07, 3.04, 3.88, 4.58, and 5.25 MeV were
11.5%, and 8.0% were measured folines with the energies 0btained, which allows us to calibrate our detector in the
of 60, 662, 1064, and 2615 keV, respectively. The routine2Nergy range of interest. o
calibration was carried out witR°Bi (weekly) and 232Th It is also known tha’g thell|ght qutpu'F of crystal :scmt”lators
(monthly) y sources. The dead time of the spectrometer and"® depend on the direction of irradiation relative to the

data acquisition was permanently controlled with the help ofgg\‘j’\% 1"’1%(83\/\/%4]' dT((:) Wstudy ¢ Ithltsh effect . fg_r
a light emitting diode optically connected to the main PMT 4 ), and CawQ crystals, they were irradi-

(typical value was about 14% ated by« particles in three directions perpendicular to the

Due to active and passive shields, and as a result of th%eom)’ (002, and(100 crystal planesand three experimen-

time-amplitude[10] and pulse-shape analysis of the data al dependencies of the/B ratio (corresponding to three
[13], the background rate of**CdWQ, detectors in the en-

Qrgy region 2.5-3.2 MeVthe 0v2/3 decay energy mﬂec,:d The detector energy scale is measured witlources, thus the
is 2.8 MeV) was reduced to 0.04 counts/yr kg keV. It is the nyation “a/+ ratio” could be more adequate. However, becayse
lowest background that has ever been reached with crystglys interact with matter by means of the energy transfer to elec-
scintillators. trons, in the present paper we are using the traditional notation
“ al B ratio.”

3In the 1*%CdWOQ, crystal the(010) plane is perpendicular to the
cylinder axis, so for th€010 direction thea source was placed on
) ) ) the top of crystalin the center of the flat circle surface~or the

It is well known that the relative ratio of the CdWO (001) and (100 directions crystal was irradiated in the middle of

scintillation light output fora and S particles with the same  the cylindrical surface.

B. Response of the''®CdWO, detector to « particles
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FIG. 1. The dependence of thég ratio on energy and direc- Energy (keV)

tion of incidenta particles measured with the enrichéfCdwo,
scintillator (©32x19 mm). The crystal was irradiated by an exter-
nal a source in directions perpendicular (@10, (001), and (100
crystal planes(directions 1, 2, and 3, respectivglyin addition,
internal @ peaks 0f?*/Ra, ??°Rn, ?'%0, and®*'%Po from the intrin-
sic contamination of thé'®CdWQ, crystal were usedsee text
Solid lines represent the fit of the/ 8 ratio dependence. In the inset
the behavior of thew/B ratio measured with CdWfscintillator
(©25%0.9 mm in direction 1 is shown.

FIG. 2. Thea peaks 0f?*/Ra, ??°Rn, and?*®Po selected by the
time-amplitude analysis from background data accumulated during
14 745 h with the!'%CdWQ, detector. In the insets the time distri-
butions between the first and secofad between the second and
third) events together with exponential fits are presented. Obtained
half-lives of 2°Rn and?*%o[ 61" 3° s and 0.144(8) s, respectivély
are in good agreement with the table values: 55.6(1) s and 0.145(2)
s (Ref.[21)).

_ o _ _ 22Ra (Q,=5.79 MeV, T,,=3.66 d)—»?*Rn (Q,=6.40
mentioned directionsas a function ofx particle energy were MeV, T,,=55.6 9— 2% (Q,=6.91 MeV, T;,=0.145 $

derived from measurements. However, in a real crystal the, 212ppy "The obtained peaks(the a nature of events was
amplitude of a light signal depends also on the point fromsynfirmed by a pulse-shape analysis described belaw
which scintillation light is emittedso-called nonuniformity \ye|| as the distributions of the time intervals between events,
of light collection). The latter can distort the anticipated ef- 5. iy good agreement with those expecteddfqrarticles of
fect of the crystal’s orientation, and hence, should be Prop224pg 220Rn and?%Po (see Fig. 2 On this basis the activ-
erly taken into account. With this aim, the light propagationity of 228Th in 116CdWO, crystals was determined as (29

in the CawQ scintillator, for which the effect of crystal Bqg/kg.* Moreover, thea peak of 2%Po (the daughter of
orientation was not observed, was simulated with the help OngBi) was reconst'ructed with the help of the front edge
the GEANT3.21 packag¢ls] for the light emitting points on o 5\v6is of the scintillation signals. The energy and time dis-
the top and side surfaces of the crystalsth dlmenS|on§ tributions of the sequence @ decay of21%8i and « decay
20x20x 11 and 40x34x 23 mm), as well as for those uni- ¢ 2195, gelected from the background, are presented in

formly distributed inside the crystal. It was found that resultsFigS 3a)-3(c), while a typical example of such an event is
of simulations are in good agreement with experiment. Thengp,o.v0'in Fig. 73d)-
the same simulations were performed for tHé"C(_jWQ The values of thex/B ratio, derived with the internad
crystal (£32x19 mm), and results of each calibration mea- noaxs and their fit are depicted in Fig. 1. Fit yields for the
surement with this crystal were corrected by using simulate nergy range 2088 MeV are o/B=0.083(9)

distributions of the light collection for particles emitted +0.0168(13)E,, where E, is in MeV® Because in

from the corresponding point. So, values of ti8 ratio for 1, aa5rements with internal sources the effect of the crystal's
direction 1 was multiplied by a factor of 0.85, while for qienation is averaged, such an extrapolation of the fit

directions 2 and 3, by a factor of 1.08. As an example, SuCly,; the energy region 2.0-5.5 MeV is reasonable and it was
corrected dependencies of thég ratio versus the energy g ¢4 proved by the behavior of the/3 ratios measured
and direction ofa particles are shown in Fig. 1 for an en-

riched 1*%CdWQ, crystal (232X 19 mm). B

In addition to the measgrements with the e_Xter_naI SOUTCe, 4116 same technique was applied to the sequence of decays from
the a peaks from the intrinsic trace contamination of they,q 235, and 238y families. Activity of 5.514) uBq/kg for 227Ac
18cdwQ, crystals by nuclides from the Th chain were also (233 family) and the limit<5 uBa/kg for 29Ra €U family) in
used for determination of the/pg ratio. These peaks were the 116cqwo, crystals were set.
selected from the background by using the time-amplitude SThe growth of thea// ratio with a particles energy has been
analysis[10,16. For instance, the following sequence @f earlier observed for cadmium tungstéRef. [6]) and other scintil-
decays from thé&*?Th family was searched for and observed: lators (Refs.[14,16,17.)
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FIG. 3. The energya) and(b) and time(c) distributions for the FIG. 4. Examples of the shape indicator distributions measured

fast sequence of8 (*'%Bi, Qz=2254 keV} and a [?'?Po,E, by the enriched*®CdWQ, crystal scintillator (?32x 19 mm) with

=8784 keV, T,,=0.299(2) us| decays selected from the back- « particles andy rays with different energiesta) E,=0.2-0.4

ground data by the pulse-shape analyéi#.Example of such an MeV, E,=2.07 MeV, (b) E,=0.5-0.7 MeV,E,=3.04 MeV, (c)

event in the'**CdWQ, scintillator. E,=0.8-1.0 MeV,E,=3.88 MeV; (d) E,=1.2-1.4 MeV,E,
=5.25 MeV.

with external sourcegsee Fig. 1 At the same time, in the

a energy interval of 0.52.0 MeV we find that thea/p pulse shape resulting from the average of a large number of

ratio is decreased with the energy. It was also confirmed byndividual events has been fitted with the sum of thifee «

the measurement with the thino@5x0.9 mnm) CdWQ,  particles or two (for y's) exponents, giving the reference

Crystal scintillator(see inset in Flg )1 Similar behaViOl’(a pu|se Shapega(t) and?y(t) (See, for details, Re[l?,]) For

fall with energy in the 16-100 keV energy regionof rela-  the enriched crystaleused in the experimenthe following
tive scintillation efficiency for Ca and F recoil nuclei in the yajues  were  obtained: A?=80.9,7¢=12.7 us, A?

CaF,(Eu) scintillator was reported in Reff18]. Thus, for the  _— 13.4,75=3.3 us, A2=5.7, and $=0.96us for ~5

0.5-2.0 MeV energy range we obtain/$=0.15(3) ey « particles and A7=94.2,77=13.6 us, and A}
—0.015(8) E,, whereE, is in MeV. —5.6,7}=2.1 us for ~1 MeV y quanta.

The calibration data were also used to determine the en- In the dat inal the diaital filt lied t h
ergy resolution of the detector fora particles: ; t. € dala processing the digital iter was applied fo eac
FWHM, (keV) =33+ 0.247 , whereE” is the energy of experimental signal(t) with an aim to obtain the numerical

e ' a’ e y characteristic of its shape defined 8$ (shape indicator
particles in they scale expressed in keV. SI=2f(t) XP(t)/Zf(ty), where the sum is over time
channelg, starting from the origin of the signal and up to 50
us, andf(t,) is the digitized amplitudéat the timet,) of a

The pulse-shape analysis of CdWexintillation signals ~ given signal. The weight functioR(t) is defined as
was developed on the basis of the optimal digital filtEd],

C. Pulse-shape analysis

and clear discrimination betweep rays (electron$) and « P(t) ={f () = T ()M () +T (D)}
particles was achievefll3]. The pulse shape of cadmium o . )
tungstate scintillators can be described fds)=3A, /(7 The S| distributions measured with different and y

—70)- (e VTi—e U7), whereA, are amplitudes and; are sourcegsee some examples in Fig\. dre well described by

decay constants for different light emission components, anfaussian functions, whose standard deV|at|oﬁ§|al§nd
. . . . . — Y
7o is the integration constant of electronics 9.18 us). To ~ ?(Sl,) depend on energyo(Sl,)=-0.3+0.7x10""E;
provide an analytic description of the or y signals, the +1700E] for « particles, and o(Sl,)=1.51-0.23
><10*3E7+ 402E,, for y quanta, whereE} andE,, are in
keV. As is seen from Fig. 4, electrony (ay9 and « par-
®Becausey rays interact with matter by means of the energy trans-ticles are clearly distinguished for the energies above 0.6
fer to electrons, it was assumed and experimentally proved giith MeV (E, ~3 MeV), while the pulse-shape discrimination
particles from the decay of interndf3Cd that pulse shapes for ability of the CdWQ scintillator worsens at lower energies.
electrons andy’s are the same. Nevertheless, it is also visible from Fig(a} that even 2
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FIG. 5. The dependence of the shape indicator on the energy arglected by the pulse-shape_analysis from the _datélfsﬁdeQ;
the direction of incidenta particles measured with the enriched C'yStals(330 g measured during 2975 h. In the inset, despec-
116cdWO, crystal scintillator. Thea peaks of22/Ra, 22Rn, and trum is depicted together with the model, which includedecays

: ' ' 23 23 .- i
216p0 were selected by the time-amplitude analysis of backgrounfom ZTh and**3 families. The totakx activity in the 1**CdWQ,
data. crystals is 1.4QL0) mBag/kg.

. R . ll
MeV « particles €7 ~0.3 MeV) can be separated from caused mainly by the fourth-forbidde@ decay of ***Cd

_ 5 _ . .
background with reasonable accuracy. For instance, with th(eTl/Z_?['?.>< 1,[21 yr .[Zho]’d Qﬁ_t3|16 .lt(ﬁv [21]1)3 Wdh'Ch ? ¢
requirement that=87% of « particles must be registered we preien In the ‘enriched crystal with an abundanceoo
will get about 13% ofy events as backgroufdee Fig. ). oo oie BT G IAL (0 ST
~ The dependence of the pulse shape on energy and direggK 137cs and3Cd. the two neutrino double bet;/ deca Y
tion of « particles measured with the enrichéfCdwQ, ’ ' ’ y

N : i of 16Cd with T,,=2.6x 10" yr [10], and externaly rays
crystal scintillator (032X 19 mm) is presented in Fig. 5. In 12— = P />
the energy range of 0:57.0 MeV the average dependence of The energy spectrum_of part|cles(_F|g. 6 was obtained
the shape indicator on the energy can be approximated by tf%' selection of events with the following values of the shape
function S| =29 5-0.195< 10-2E” whereE” is in keV. indicator: Sl,+40,<SI<Sl,+2.40,. Under such restric-

For y quanta the energy dependence of the shape indicatll—Ons the efficiency of the pulse-shape analysigd,) de-

tor was measured witly sources in the energy range 0.04 gfe ngjO\SNOtr;]itsh 2f§rc1i?err?gy eqpuegltéclleQS.Sfl;? rvx?t?iﬁa ;(;(cai,it{onefleuaske of
' _ -2 —6=2 970,
—3.2 MeV: SI,=18.4-0.117x10 “E,+0.54<10 "E?,

hereE. is in kaV the filter for the plastic pulses discrimination decreases this
Wheree,, IS In Kev. value down to 47%.

_In_additi(_)n, a d?gital filter for the pulses of the plasti_c Taking into account the fact that secular equilibrium in
scintillator light guide was developed and clear separation,,

. : . .~ crystal scintillators is usually broken, the distribution of the
was obtained for the pure events in the plastic and cadmlungY events is well reproduced by the modsee inset in Fig
tungstate scintillators. It allows us to discriminate plastic6 which includesa decays from22Th and 224 families '
pulses in more complicated cases, when they are overlapped’ :

: . o r illustration, the results of the pulse-shape analysis of the
}N'tz the S|gnalls Ofllecﬂwo“ crystals. The use of th|hs filter data(for energy above 350 ke)\lar(f presente% in Fig)f 7 as a
eads to some loss of the registration efficiency for the event i ional distribution of th k :
in the 116CAWO, detector(of the order of~5%), which, three-dimensional distribution of the bac ground events ver

. . sus the energy and shape indicator. In this plot one can see a
howeve_r, can be correctly taken into account on the basis learly separated population of taeevents, which belong to
calibration measurements. U/Th families. The totakr activity associated with the peak

in the energy region 4001500 keV is 1.4010) mBg/kg.

Ill. RESULTS AND DISCUSSION However, because of a poor energy resolutiondfgrarticles

and the uncertainty of the/g ratio, we give only limits on
the activity of nuclides from uranium and thorium families in
The background spectra ofy¢- 8) and a events mea- the *%CdWQ, scintillators received from the fit of the spec-

sured by four'*(CdwWQ, crystals(330 g, exposition 2975)h  trum in the range 4001500 keV: 2*?Th<0.15 mBqg/

A. Background interpretation

are depicted in Fig. 6. kg, 28U (?**U)=<0.6 mBqg/kg, 2°°Th=0.5 mBqg/kg, and
The y(8) spectrum shown in Fig. 6 was built by selecting ?'%Pb<0.4 mBq/kg.
the following interval ofSI values:Sl,—2.40,<SI<SI, The low energy part of the spectrum(below 200 keV

+2.40,,, which contains 98% ofy(3) events. In the low can be explained by the PMT noise, residyg|3) back-
energy region the background of tHé%CdWO, detector is  ground,y or B events in the**CdWQ, scintillators with a
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bounds on the!®Pt activity. In accordance with Refs.
[23,24 it yields 1.3 counts as the limit for the number of
events, which can be excluded with 68% C.L., hence one can
set a bound for platinum concentration in the cadmium tung-
state crystal to be 1.2 ppm. In addition, two samples of the
CdWOQ, crystal with dimensions 15%1.5X0.1 cm were
searchedwith the help of the electron microscopfr in-
clusions, whose elemental composition is different from that
of CdWQ,. With this aim, a flat surface (2 ¢ of each
sample was scanned, and if such an inclusion was observed,
the electron beam was concentrated on it and the emitted X
rays were analyzed with a crystal spectrométgth energy
resolution better than 0.1 @Wuned on a characteristic plati-
- I num X ray. For any observed inclusiofith diameters in
05 the range 2—-3Q:m) no emission of platinum X rays was
found. This results in the conclusion that the ling@5%
C.L.) on platinum concentration in the CdWQ@rystal is
2 40 lower than 0.1 ppm(or 0.03 ppm for Pt inclusions with
2, 2 10 20 - gicator diameters less than am (or 3 wm). Similar analysis per-

L Shape ¢ formed with the small sample~(3 cm in diameter of the

enriched *%CdWO, crystal gives even more stringent
FIG. 7. Three-dimensional distribution of the background eventsestrictions® 0.07 ppm(or 0.02 ppm.
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O i |
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(2975 h of exposition with the**CdWO, crystal$ versus energy Therefore, one can conclude that all bounds obtained for
and shape indicator. The population @fevents belonging to the  homogeneous Pt contaminations in the Cdy\{@ystals are
U/Th families is clearly separated from thé€ ) background. well below the level of 3 ppm, at which the peak of 8%/

could be imitated. Moreover, it is also known that in crystals
that were grown in a platinum crucible, Pt is not distributed
homogeneously, but it is present in the form of precipitates
with a size around 2@m [25], hence a broad energy distri-
bution instead of anx peak would be observed. The latter
was proved by our Monte Carlo simulation of tH&%Pt o
decays in the CdWgcrystal with the help of theeaNT and
event generatobDECAY4 [26]. It suggests that the effect of
8O « activity could be imitated by°%Pt alpha decays only
in the case of platinum particles of-23 wm in size, with Pt
average concentration in the crystals at the level ef64
ppm, which is much larger than our experimental limits.
Nevertheless, because it is impossible to excliaddeast
n principle) some other explanations of the 300 keV peak in
"he background spectrum, we can treat our experimental re-
sult only as the first indication for the possibhedecay of
189, Obviously, final confirmation of its existence would
be obtained with the help of CdWQrystals enriched with/
depleted of'®W. However, it is clear that preparation and
performance of such a measurement would require strong
gdditional effort and perhaps a long time.

small admixture of the plastic light-guide pulsg@ghich were
not discriminated by the pulse-shape analygiecays of Th
and U daughtew nuclides located inside defects, or inclu-
sions of the crystalgin that case alpha particles can lose a
part of their energy without scintillation light emissigretc.
Lastly, a small peak is visible in the spectrum of Fig. 6
at the energy around 300 keV. Since the 2.46 Mepeak of
189V is expected at 30724 keV (with FWHM=110 ke\},
and because the position of thepeak of 22Th (with the
lowesta energy of 4.0 MeV among att emitters from U/Th
families) must be at~600 keV, it is unlikely that this small
peak can be attributed to an origin other thardecay of
8\, However, because a platinum crucible was used for
the growth of our crystals, we analyze the possible imitatio
of the effect bya activity of %Pt (the abundance of°%t is
0.014%[3], T,,,=6.5x10" yr, E,=3164(15) keV[21], or
435+ 30 keV iny scalg. Calculation shows that the detected
peak can be caused by platinum pollutidtomogeneously
spread in the volume of thé'®CdwWQ, scintillatorg at the
level of ~3 ppm. To estimate the actual platinum contami-
nation in cadmium tungstate crystals, the results of previou
low background measurements performed by the Milano- . 180y .
Kiev collaboration with the CAdW@ crystal of 58 g [22] B. Alpha activity of and other tungsten isotopes
were considered. This experiment has been carried out in the Assuming that the observed peak at the energy around
Gran Sasso Underground Laboratory, and the Cg\s@stal 300 keV is really caused by decay of8%, let us estimate
was used as a low temperature 25 mK) bolometer. Energy its half-life. With this aim the experimental spectrum in the
resolution(FWHM) of the detector was equal to 5 keV at 2.6 energy region of interest was fitted by a Gaussian distribu-
MeV. No events were registered in the energy region otion (FWHM=110 ke\), which represents the effect, and by
3100-3300 keV during 340 h, which allows us to set the background model. The latter was built up as a sum of

"This crystal was produced in the same apparatus as the enrichedThis is due to larger scanned area and better spatial resolution of
ones. the electron microscope used in this case.
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FIG. 8. Fragment of thea spectrum measured with the
116cdwWQ, detector during 2975 h together with the fitting curve
(solid line). The a peak of ¥4 with an area of 64 counts corre-
sponds to a half-life of 1% 108 yr.

the & peak of 222Th and the exponential function. Position
and area of the searched peak, the thoriumeak area, and
constants of the exponent were taken as free parameters
the fit procedure, which was performed in the energy regio
(140+20)— (510+=30) keV. The best fit ¢?/n.d.f.=0.52)
achieved in the interval 140520 keV (see Fig. 8 gives the
area of the searched pe8k 64+ 26 counts and its position
at 326+ 15 keV. Therefore, the measured energy 8%
alpha particles is 2580290 keV, which is in a reasonable
agreement with the theoretical valee,= 2460 keV. Taking
into account the number of®&W nuclei in the crystals
(6.57x 10°%9) and the total efficiency47%), we get the cor-
responding  half-life  value: T%,(*8W)=1.1"3%stat)
+0.3(syst)x 10*® yr. The systematic error is related mainly
to an uncertainty of the background model.

PHYSICAL REVIEW @7, 014310(2003

perimentala spectrum by a sum of the expected peak and
background modelexponential function plusy peaks of
8O\ and 2%2Th) we get the following half-life limits(at
90% C.L):

Ty BAW)=1.7x10° yr,  T,(*¥W)=0.8x10%° yr,
T1(BW)=1.8x107° yr,  T,(*¥W)=1.7x107 yr.

The obtained experimental results feractivity of naturally
occurring tungsten isotopes are summarized in Table I.

C. Comparison with theory

To our knowledge, there is only one theoretical work,
based on the microscopic approach, in which the half-life for
a decay of **%W was calculated27]. It takes into account
the systematic behavior of the reducedwidths of even-
even nuclei with numbers of neutrons and protoNs
=84, Z=84 and penetration factors obtained from realistic
cluster wave functions. The derived result 1§),=7.5
x 10t yr and uncertainty of this value is estimated to be less
than a factor of 327]. For other tungsten isotopes theoretical
predictions are absent.
of We have calculated the half-lives of all W isotopes #or
ecay, first, with the help of the cluster modié], which was
very successful in describing thedecays of even-even nu-
clei. For example, it reproduces tfi§,, values mainly within
a factor of 2 for a wide range of nuclidérom %Te to
25%Hs) and forT§,, from 10" s to 13°yr. Becauser decays
of natural W isotopegexcept *3W) occur without changes
in nuclear spin and parity, we have chosen a set of 17 nu-
clides (from %Nd to %eCm) with T{,>10° yr [28], whose
a decays also proceed without changes in nuclear spin and
parity. When comparing theory with experiment, it is practi-
cal to use the value of the deviatiar= maxR,1/R), where
R=TVJTSXP. For the chosen set of nuclides the cluster

In more conservative approach we use results of our fit imodel [7] gives a quite reasonable average value yof

order to set the upper limit on half-life of
18Qw: lim T4,(18W)=0.7x 108 yr at 90% C.L?

=1.9. Then, half-lives for W isotopes were calculated with
the help of the cluster modél’] and obtained results are

In addition, since there are no structural features in thdisted in Table I(given uncertainties are related only with

experimentake spectrum, which could indicate anactivity

uncertainties of,). In particular,T{,(*¥\W) =8.3x 10" yr,

of other tungsten isotopes, half-life bounds for these prowhich is very close to the value of 2&L0' yr derived in

cesses were estimated. The numbers of candidate nuclei
the detector with a mass of 330 g atBAV—1.45< 107,
183y _7.83x 1072, 184WW-1.68<10?%, and ®W-1.56
X 1072, The position of thex peak in they equivalent scale,

Ref. [27].

Semiempirical relationships are often more effective in
the prediction ofT7,, than microscopically based calcula-
tions. We found in the literatur3,29—37 18 semiempirical

the expected peak width, and the efficiency of the pulseformulas which can be used for our purpose. All of them

shape analysis aré®AW (E?=215+57 keV; FWHM,=86
keV; 7psa=35%), %W (E?=206+54 keV; FWHM,
=83keV; Npsa=34%), 184y (EY=204+53 keV;
FWHM,=83 keV; 7psa=34%), and 8w (E?=147
+34 keV; FWHM,=69 keV; npsa=28%). Fitting the ex-

°A similar boundT¢,=1X10'® yr at 90% C.L. can be extracted
from the mentioned measuremef840 h with the CdWQ crystal
of 58 g used as a low temperature bolométef.[22]), where no
events were observed within the energy interval 2536 keV.

were also tested with the same set of 17 nuclides With
>10° yr. The best resulfaverage deviation of the calculated
values from experimeny=1.9) was found for the relation-
ship of Ref[8] based on phenomenological fission theory of
a decay and valid not only for even-even but also for odd-
even, even-odd, and odd-odd nuclei. The value3f ob-
tained in such approach for W isotopes are given in Table I,
where uncertainties are caused, as in the previous case, by
uncertainties ofQ, . For the ®W decay it was also taken
into account that change in parity will additionally suppress
the decay rate as compared with that of H&]. For 8w
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our resultT{,=2.0x 10" yr is also close to that di27]. rare « decay ever observed in nature. More conservatively
Thus, we can conclude that the half-life valudgf  our result can be treated as the lower limit on the half-life of
—1.1"98x 10 yr) for possiblea decay of W (the indi- - W: lim T_Ii“,z(lg;\N) Zdo-7;< 10 gr at 9O%fc-|—a In addif—
cation of which is observed in the present woikin good 10N, néw T,, bounds have been set far decay o
agreement with the theoretical predictiofig;,=0.75X 108 182W'0 1A, e, "?‘m_j W "’}t the level of (0'9’1.'8) .
yr (microscopic approacf27]), and calculated here on the ><10'2 yr. All these limits are higher than those obtained in
basis of the semiempirical formuf&] and cluster moddl7] ~ Previous work[6] and are the most stringent bounds o,

@ @ for any a decaying nuclides.
=2.0x10% =0. 8 - : : -
as T{,;=2.0< 10" yr and T{,=0.83x 10" yr, correspond To confirm existence of activity of 8%, we are pre-

ingly. paring measurements with other tungsten containing crystal
scintillators: CAWQ (whose scintillation characteristics are
IV. CONCLUSIONS better than those of currently used crysta8awQ, and

In the present work the pulse shape angs ratio of the =~ ZNWOs. Observation of ther decay of % could be also
CdWQ, crystal scintillators have been studied for three di-checked with .the_se crystals as b_olomel[@%,BS] and, ap-
rections of the collimated beam of particles relatively to paren'tly, sensitivity OT such'experlments would be enhanced
the main crystal axes in the energy range-0552 MeV. The by using crystals enriched in/depleted GFw.
dependencies of the/B ratio and pulse shape on the direc-
tion of « irradiation have been found and measured.

By using the superlow background®Cdwo, crystal The authors would like to thank Dr. Filippo Olmi for the
scintillators, the indication for ther decay of the natural electron microscope measurements of the platinum contami-
tungsten isotope®W was observed for the first time. The nations in the CdW@crystal and Dr. Mykola Petrenko for
measured half-lifeT$,=1.1" 5 ¥ stat)= 0.3(syst)x 10" yr is  the similar measurements performed with the enriched
close to the theoretical predictions, and it would be the most*éCdwQ, crystal.
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