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Evidence for electron capture of123Te from theK shell has been obtained in an experiment performed
underground with an array of four 340 g TeO2 thermal detectors. This is the first real proof of the decay
of this isotope. In our thermal approach, unlike in previous experiments, the TeO2 bolometer acts at the
same time as source and detector of the123Te decay and its resolution allows to discriminate between the
lines produced by background x ray excitation and electron capture. In addition anticoincidence with
the nearby detectors reduces the signal of x rays produced by excitation of Tellurium. The partial width
for K electron capture of123Te is the smallest one ever measured for a single beta process and lower by
six orders of magnitude with respect to the previously reported one for this decay. An analysis based
on the expected fraction of electron captures accompanied by internal bremsstrahlung allows to set a
stringent limit, independent on the decay channel, for the lifetime of123Te. [S0031-9007(96)01447-0]

PACS numbers: 23.40.–s, 21.10.Tg, 27.60.+j, 29.40.Uj
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Nine isobaric doublets or triplets are known to exist
nature [1] and in all of them a singleb process is expected
to occur [1–4] (Table I). No evidence has been found f
the second forbidden unique electron capture [17] of123Te
which is expected to occur only to the ground state of123Sb
with a transition energy of51.3 6 0.2 keV [1–4]. In fact
published lower limits on the lifetime for theK channel
of 2 3 1014 [18] and 1 3 1015 yr [19] are in contradic-
tion with the positive value ofs1.24 6 0.10d 3 1013 yr
indicated by Watt and Glover [20]. This disagreeme
can be explained by the fact that the above mentioned
periment, carried out with the best existing techniques
that time, was performed with a source of 2.26 g of na
ural TeO2 powder deposited on the cathode of a propo
tional counter. The detecting gas isoutsidethe source and
electron capture was searched by observation theK x rays
following deexcitation of the123Sb atom. This line is at
about 26.1 keV very near to the corresponding telluriumK
x-ray line (27.3 keV) which can be produced by excita
tion of the tellurium source by cosmic rays and radioacti
background. The energy resolution and calibration in t
experiment by Watt and Glover did obviously not allow
one to determine the energy of the detected peak with s
ficient precision. We believe therefore, also on the ba
of the results of our experiment which will be discusse
later, that the enhancement found by Watt and Glover c
be attributed to x rays from excitation of theK shell of the
tellurium atoms in the source and not to Sb x rays follow
ing tellurium electron capture. Careful “blank runs” wer
performed by the authors with Sb2O3 powder, but appar-
ently the difference between the counting rates with Te2

and Sb2O3 was due to different internal activity or cosmi
ray excitations in the two samples. The crucial differen
of our experiment is that the source acts also as dete
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and that therefore the entire energy released by elect
capture is recorded.

The last review on123Te [17] indicates no evidence
for electron capture for this nucleus, but, despite th
inconsistence with other experiments, the Watt and Glov
lifetime is quoted in all tables of isotopes [2–4]. Activity
of 123Te is even assumed as a sizable contribution
environmental radioactivity [21].

Thermal detectors (bolometers) have been propos
[22], and recently adopted [23] in searches for rare eve
like bb decay. In most of the present applications the
consist of a diamagnetic and dielectric crystal in therm
contact with a suitable thermometer. If the temperatu
T is low, the heat capacity is proportional toT3. As a
consequence, even the tiny energy delivered by a part
to the crystal in the form of heat induces a measurab
thermal pulse. The energy resolution of these detect
is still far from the theoretically expected one, but alread
definitely better than that of Si(Li) semiconductor detecto
at x-ray energies, and comparable at high energies
that of Ge diodes. In addition these bolometers can
made with a vast variety of materials which allows the s
called source­ detector approach, namely, the use of th
bolometer also as a source of the searched events. In
approach bolometers have already been used to search
beta decay of113Cd [9] and187Re [16].

We report here positive evidence for electron captu
from theK shell of 123Te obtained from one of the back-
ground spectra recorded in a series of searches onbb

decay carried out in the Laboratori Nazionali del Gra
Sasso with bolometers of natural TeO2 [24,25]. Double
beta decay experiments require in fact long time measu
ments, and the background reduction plays a fundamen
role if high sensitivities have to be reached.
© 1996 The American Physical Society 3319
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TABLE I. Measured and expected singleb processes.

Z 2 1 Nucleus Z 1 1 Lifetime (yr)

18 √ 40K ! 20 1.28 3 109 [5]
23a √ 50V · · · 1.4 3 1017 [6]

· · · 87Rb ! 38 4.8 3 1010 [7]
· · · 113Cd ! 49 s7 9d 3 1015 [8–10]
· · · 115I ! 50 4.4 3 1014 [11]

51 (K) √ 123Te · · · 2.4 3 1019 (present exp.)
51 (total) √ 123Te · · · .6 3 1014 (present exp.)
56 √ 138La ! 58 1.05 3 1011 [12]
72 √ 180Tas92d ! 74 .1.25 3 1015 [13]

· · · 187Re ! 76 s4.1 4.5d 3 1010 [14–16]
aTo an excited level.
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The last of the above mentioned series of experime
is being carried out with an array of four 340 g crystals
TeO2, the largest among the presently operating therm
detectors. This array is kept at a temperature aro
10 mK in a dilution refrigerator heavily shielded again
environmental radioactivity. The overburden of ro
provides suppression of cosmic ray muons and neutr
by 6 and 4 orders of magnitude, respectively [26]. Mo
details on the detectors, the read-out electronics, and
procedures adopted for the reduction of the backgro
can be found elsewhere [24,25].

The present analysis was performed considering only
background spectrum (1548.4 h of effective running tim
collected with one of the four 340 g bolometers of the
ray (detector number 4). In fact only this detector, due
its better energy resolution and lower energy threshold
lowed us to investigate unambiguously the low energy
gion where the peak due to theK electron capture of123Te
is expected. The calibration of the spectrum is obtain
using all identified x andg lines due to internal and exter
nal contaminations of the detector (mainly in uranium a
thorium) [27]. All these lines allow a careful control o
the linearity of our detector and yield a FWHM resolutio
of about 2 keV in the low energy region. The uniformi
in response over the whole detector volume is proved
the agreement between the energy resolution obtained
gamma calibrations and the energy resolution which co
be predicted on the basis of noise measurements. In
a nonuniform response should be necessarily associat
a position dependence of the pulse amplitude, with a c
sequent excess broadening of the monoenergetic peak

The spectrum of detector number 4 in the energy reg
of interest is shown in Fig. 1. There is clear eviden
of the 46.5 keVg line of 210Pb, a common contaminan
in these experiments, and an indication of the 39.9 k
line of 212Bi. The peaks around 27 and 30.5 keV can
identified as due to TeK x rays and toK electron capture
of 123Te, respectively. We would like to note that
this source­ detector approach the entire energy produc
by atomic deexcitation followingK electron capture is
recorded. This leads to a pulse corresponding to the
3320
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binding energy of the involved electron and not to the x-ra
energy only, as in the experiment by Watt and Glover [20

The counts are166 6 44 and123 6 38 for the 27 and
30.5 keV peaks, respectively. The 27 keV peak is d
to x rays produced by excitation from cosmic rays an
environmental radioactivity of the tellurium in the othe
three detectors of the array. We would like to stress ag
the peculiar property of this source­ detector approach. If
the x ray produced by excitation of a particle in a nearb
detector is absorbed by detector 4, a peak correspond
to the x-ray energy is detected. If on the contrary th
excitation occurs in detector 4 itself the energy left by th
particle producing the excitation adds to the x-ray ener
yielding a continuum spectrum of pulses. This is clear
proved by the spectrum of the pulses from detector 4in
anticoincidencewith the pulses of any one of the othe
three crystals (Fig. 2). This anticoincidence suppresses
x-ray peak (29 6 32 counts) leaving practically unaffected
the electron capture one.

FIG. 1. The spectrum of detector 4 in the low energy regio
Both the lines indicative of theK electron capture of123Te
(30.5 keV) and ofK x-rays due to excitation of tellurium
(27 keV) in the other detectors can be seen.
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Taking into account the mass of the detector and t
isotopic abundance (0.905%) of123Te we obtain positive
evidence for electron capture from theK shell of this
isotope with a lifetime ofs2.4 6 0.9d 3 1019 yr. To our
knowledge this corresponds to the narrower width ev
detected for a single beta process. It corresponds t
rate forK electron capture of123Te 6 orders of magnitude
smaller than that previously claimed and reported
nuclear tables. We would like to note that our sensitivi
largely exceeds that of all previous experiments a
particularly that of Watt and Glover [20], due to large
mass of the source and lower background per unit m
(both by 2 orders of magnitude) and better detecti
efficiency (100% versus 3.6%).

The low background in our experiment allows us
set a limit for the overall decay rate of123Te on the ba-
sis of the predicted probability of internal bremsstrahlun
About 0.14% [4] of the electron capture events are e
pected to be accompanied by an internal bremsstrahl
x ray with an energy between 20 and 40 keV, whic
would be fully detected in our bolometer. We record
this energy region4027 6 63 events which could be con-
servatively attributed entirely to internal bremsstrahlun
Taking into account the above mentioned percenta
for this process we can therefore set alower limit of
6 3 1014 yr for electron capture of123Te in any channel.
Assuming this capture to be dominated by theL chan-
nel one obtains aLyK ratio of the corresponding rates o
,4 3 104 not in disagreement with the value predicte
[28] by the atomic theorys,103d.

We present the first evidence for the decay of123Te
by K electron capture with a lifetime ofs2.4 6 0.9d 3

1019 yr. This value is 6 orders of magnitude large
than the previously claimed one. According to th

FIG. 2. The spectrum of detector 4 in anticoincidence wi
pulses from any o the other three detectors. The line due toK
x rays from excitation of tellurium is suppressed.
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calculations of the nuclear theory group of our departme
[28] the lifetime for capture of aK electron in 123Te
from our experiment can be evaluated to be larger tha
1016 yr. Using the counting rate in the region between
20 and 40 keV and the predicted percentage of intern
bremsstrahlung in this energy range we set a lower lim
on the lifetime of overall electron capture of123Te of 6 3

1014 yr. These results clearly indicate strong suppressio
of nuclear matrix elements due to particle-particle an
particle-hole correlations [28].

Our result also shows how promising thermal detecto
could be in searches for naturally occurring isotopes wit
very long lifetimes.

Thanks are due to the Laboratori Nazionali del Gra
Sasso for generous hospitality. We gladly acknowledg
the help of the late R. Benedet and of G. Sala in var
ous stages of this experiment. Special thanks are due
R. Cavallini for detector testing in Milano, to M. Perego
for assembling the electronic read-out, to S. Parmeggia
for the construction of the array, to S. Latorre for the
reduction of the spurious electrical disturbances, and
A. Rotilio for the maintenance of the entire cryogenic
apparatus. We are also indebted to C. Arpesella for co
tinuous help in the measurements of radioactive contam
inations. Very fruitful discussions with M. Bianchetti,
P. F. Bortignon, R. A. Broglia, G. Coló, and P. M. Pizzoc
chero, and with B. Mottelson are also gratefully acknowl
edged. This experiment has been supported in part by t
Commission of European Communities under Contra
No. CHRX-CT93-0341. P. Colling acknowledges receiv
ing a CEE Fellowship in the Network on Cryogenic De
tectors, under Contract No. CHRX-CT93-0341.

[1] G. Audi and A. H. Wapstra, Nucl. Phys.A595, 409 (1995).
[2] Nuclides and Isotopes(General Electric Company, San

Jose, California, 1989), 14th ed.
[3] Tables of Isotopes,edited by C. M. Lederer and V. S.

Shirley (John Wiley and Sons, Inc., New York, Chich-
ester, Brisbane, Toronto, Singapore, 1978).

[4] Tables of Radioactive Isotopes,edited by E. Browne and
R. B. Firestone (John Wiley and Sons, Inc., New York
Chichester, Brisbane, Toronto, Singapore, 1986).

[5] P. M. Endt, Nucl. Phys.A521, 1 (1990).
[6] T. W. Burrows, Nucl. Data Sheets61, 1 (1990).
[7] H. Sievers, Nucl. Data Sheets62, 327 (1991).
[8] J. Lyttkens, K. Nilson, and L. P. Ekstrom, Nucl. Data

Sheets33, 1 (1991).
[9] A. Alessandrelloet al., Nucl. Phys. B (Proc. Suppl.)35,

394 (1994).
[10] F. A. Danevichet al., Phys. At. Nucl.59, 1 (1996).
[11] J. Blachot and G. Marguier, Nucl. Data Sheets52, 565

(1987).
[12] J. K. Tuli, Nucl. Data Sheets69, 69 (1993).
[13] E. Browne, Nucl. Data Sheets71, 81 (1994).
[14] R. B. Firestone, Nucl. Data Sheets62, 159 (1991).
[15] K. Ashktorab, J. W. Janecke, F. D. Becchetti, and D. A

Roberts, Phys. Rev. C47, 2954 (1993).
3321



VOLUME 77, NUMBER 16 P H Y S I C A L R E V I E W L E T T E R S 14 OCTOBER1996

,
A

n

e

,
le
n

[16] F. Fontanelli, M. Galeazzi, F. Gatti, P. Meunier, A. Swift
and S. Vitale, Nucl. Instrum. Methods Phys. Res., Sect.
370, 247 (1996).

[17] S. Ohya and T. Tamura, Nucl. Data Sheets70, 531 (1993).
[18] L. I. Rusinov and Y. M. Igelnitsky, Dokl. Akad. Nauk49,

343 (1945).
[19] J. Heintze, Z. Naturforsch.10A, 77 (1955).
[20] D. N. Watt and R. N. Glover, Philos. Mag.7, 105 (1962).
[21] M. Eisenbud, Environmental Radioactivity(Academic

Press, Inc., San Diego, New York, Berkeley, Bosto
London, Sydney, Tokyo, Toronto, 1987).

[22] E. Fiorini and T. O. Niinikoski, Nucl. Instrum. Methods
Phys. Res., Sect. B83, 224 (1984).
3322
,

[23] For recent details on cryogenic detectors, seeProceedings
of the VIth International Workshop on Low Temperatur
Detectors, Beatember, Switzerland, 1995[Nucl. Instrum.
Methods Phys. Res., Sect. A370, (1996)].

[24] A. Alessandrelloet al., Phys. Lett. B335, 519 (1994).
[25] A. Alessandrelloet al.,Nucl. Instrum. Methods Nucl. Res.,

Sect. A370, 241 (1996).
[26] L. Zanotti, J. Phys. G17, S373 (1991).
[27] A. Alessandrelloet al., Phys. Lett. B (to be published).
[28] M. Bianchett, G. Coló, P. M. Pizzocchero, R. A. Broglia

and P. F. Bortignon, “Competition between Particle-Ho
and Particle-Particle Correlations in Forbidden Electro
Capture: The Case of123Te” (to be published).


