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New limits on naturally occurring electron capture of %*Te
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Electron capture of?*Te from theK shell has been investigated in a new underground search with an array
of 340-g TeQ thermal detectors. We find that some previous indication of this decay could be attributed to
electron capturéEC) of 2'Te resulting from neutron activation of natural tellurium. There is therefore so far
no evidencefor EC of *2°Te from theK shell with a 90% C.L. lower limit%,,>5x 10" years on the half
lifetime. Taking into account the predictéd EC branching ratio, the corresponding lower limit on téTe
EC half lifetime ist;,>9.2x10' which can be theoretically interpreted only on the basis of a strong
suppression of the nuclear matrix elements. A complementary analysis based on the expected fraction of EC
accompanied by internal bremsstrahlung is discussed.
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[. INTRODUCTION energy of the captured electré¢sum of all atomic transition
energieg is on the contrary expected for a pure calorimetric
Single beta decay or electron capture is expected to occ@pproach, in which the source is also the detetsris the
in nine isobaric doublets or triplets existing in nat(itd. It ~ case for a low temperature thermal dete¢tt®]). Unfortu-
has been actually detected in seven of thém13), while no  nately, atomic deexcitation cascades can be induced also by
evidence has been found for beta decay of theexcited the interaction between the environmental radiation and the
state of 18°Ta [14]. More complex is the situatiofl5-1§ source(e.g., photoelectric or Compton effectn this case,
for the second forbidden unique electron capt(€) of however, the involved atomic levels are those of the parent
12376 to the ground state d£3Sb, with a transition energy of atom, while in a genuine EC decay they correspond to those

53.3+0.2 keV Qgc). of the daughter onéTable ).
Contradictory experimental results have been in fact pre-
Sented:ls,lﬂ. Very low rates have been, on the other hand, Il. PREVIOUS EXPERIMENTAL RESULTS

predicted theoretically on the basis of a strong suppression of

the nuclear matrix elements due to a cancellation between Evidence for theK EC decay of'*Te was obtained by
particle-particle and particle-hole correlations. As suggestetiVatt and Glover[15] with a lifetime t§,2=(1.24i 0.10)

by Bianchettiet al. [20] it is expected that these cancella- X 10'2 years, using a proportional counter. Such a value is
tions can lead to a suppression of the rate by up to six orderstill reported in the Nuclear Tablgd6]. Only the x rays

of magnitude. In a more recent and detailed paper, Civitaresescaping from the Te souréanode wirescould be recorded
and Suhonef21] note that a suppression of the nuclear ma-in such an experiment. Furthermore, due to the insufficient
trix element of the second-forbidden EC transition of thisenergy resolution of the proportional counter, there was no
nucleus is a very severe test of the nuclear models used fossibility to discriminate between the Sb x-ray line at 26.1
calculate rare electroweak decays. One of the claimed eXeV, distinctive of Te EC decay, and the 27.3 Te x-ray line
perimental evidences of the decfd5] is in contradiction due to the excitation of the tellurium source by cosmic rays
with this theoretical model. A precise measurement of theand radioactivity. The inclusion of a non-negligible back-
123Te decay rate can therefore shed light both on the experiground contributionthe experiment was carried out at sea
mental situation and on the mechanisms which are at thkevel) could explain therefore why the authors obtained so
basis of the above mentioned cancellation. EC processes, ctarge a rate for this process.

be observed through the measurement of the inner brems- This result was contradicted by a previous cryogenic ex-
strahlung(IB) photons accompanying a generally small frac-periment(run 0 carried out underground by our group using
tion of decays, or through the atomic deexcitation cas¢ade a low activity setup consisting of four thermal 340-g TeO
rays and/or Auger electropfollowing the decay. Individual detectors. A description of this setup and the operation of the
atomic transitiongsingle x rays or Auger electropsan be anticoincidence is reported in RdflL7]. In addition to the
observed using a detector in direct contact, but external talmost complete elimination of the external background due
the decay source. A single line corresponding to the bindingo cosmic rays, special care was devoted to the reduction of
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TABLE I. Summary of all possible atomic readjustment processes and of their detection modes with conventional radiation detectors and
true calorimeters. Only thK shell case is reported. The same is obviously true also fok téleell electron capture whose peak, due to its
lower energy, cannot, however, be detected in our experiment.

Atomic readjustment origin True calorimetric approach External radiation detector
K shell electron capture Sum of the energies of Independent atomic transitions
(Atomic levels of the daughter atom: Bb of all atomic transitions (K Daughter Kgaugh‘e', etc)

(K electron binding energy
Source# detector

Radiation induced processes Independent atomic transitions Independent atomic transitions
in the source (KEarent, K2, etc) (KE2ren, K™, etc)
(Atomic levels of the parent atom: Te Source=detector

K electron binding energy
+ radiation deposited energy

background from environmental radioactivity. Since theing of an array of 20 340-g crystals of natural Te@3] was
background due to internal contamination of the crystals wagperated.

negligible, the surface of the crystals and the wall of the = gpecifically relevant for the search reported here is the
copper frame facing th_em was treated to avoid contributioneqyced background in the low energy region, mainly due to
from surface contamination. External background waspe aqdition of a low temperature Roman lead shield close to
strongly reduced with layers of lead of minimum thlcknessthe detector$10 cm above and below the detectors and of 1

of 20 cm. 1 :
o m around them Due to the absence of*®Pb [24], this
Thanks to the adopted calorimetric approach and the goo aterial is very effective in reducing the counting rate at low

energy resolution of the detectors, we could clearly distin- ner
guish two peaks in the spectrum recorded at low energy: §neray- . :

peak at 27.3 keV corresponding to the energy ofKig x This new experiment consists of two separate runs. The
rays (produced by the interaction of radiation with nearby Te 0rmer (run 1 started two years after the crystals were stored
detectorg and a peak at 30.5 keV, corresponding to the totaHQldergrou?zdﬂ’n n order.to allow a sulpstanthl decay OT the
energy released by T EC to Sb. The different origin of the _ 1€ and~=""Te nuclei produced during their preparation.
two peaks was moreover demonstrated by the comparison df'€ SPectrum corresponding to 724:8&g of effective run-

the spectra collected requiring or not an anticoincidence bg?iNd time is shown in Fig. 1. The excellent resolution
tween the four Te@detectorg17]: the 27.3-keV line in fact achieved[1 keV full width at half maximum(FWHM)]

disappeared in the anticoincidence spectra. By attributing thE/€arly indicates the stability of the experiment. With respect
30.5-keV peak td EC of 2%Te we obtained an evidence for to our previous search the background is reduced by about an

this process and quoted a lifetim&.= (2.4+0.9)x 10 _order of r_nagnitude,_due to better cIe_aning of'Fhe surfa_lces and
yearsp, six orders ofqmagnitude highgézth;n in the)experimed troduction of the internal lead shields. This explains the

by Watt and Glover. The main drawback of our previous isappearance of the 27-keV x-ray peak, due to background

experiment result was the limited statistics. In addition Weexcnatlon of tellurium. Moreover, the peak at 39.9 keV due

were worried that the 30.5-keV signal could be due to the _
activation of the®°Te isotope(0.908% abundangdy envi-

ronmental neutrons. This isotope, despite its low abundanc
can in fact lead to a substantial production BfTe and

12ImTe with cross sections of 0.3 and 2 b, respectively. These
isomers decay by EC with lifetimes of 16.8 and 154 days, B
respectively, yielding the same signal in the detector as the ~ 30 [
one expected for the EC decay t#°Te. The expected neu- i
tron activation in the underground laboratory is negligible, g |
since thermal neutrons are suppressed by a factor‘ofvitd i
respect to sea levéR2]. However, ?'Te and *?'Te nuclei 10 L
could have been produced when the detectors were outsid h
the laboratory. They could have persisted in the detectors oot 001 vl b0,

50 |

0.5kev

40 |

counts/

during the measurement, since the run started undergroun 10 5 20 25 3 3 40 45 50
immediately after the crystal installation. Energy (keV)
IIl. STRUCTURE AND RESULTS OF THE FIG. 1. Low energy spectrum obtained in the run carried out two
IMPROVED SETUP years after the crystals were stored underground where they were

shielded against cosmic ray neutrgnsn 1 in the text The peak in
These considerations lead us to perform a new improvethe spectrum, corresponding to the 46.6 lin€¥Pb has a width of
underground measurement. A larger cryogenic setup consist-keV FWHM.
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(iii) the evidence for a neutron activation contribution to
EC signals(30.5-keV ling in crystals exposed to sea level
neutron flux and not stored underground for a long enough
period (run 2); we conclude thathere is so far no evidence
for K electron capture of?*Te. In particular, by applying a
maximum likelihood analysis to the data collected during run
1 we can set a 90% C.L. lower limit{,=t,,,/BR<>5
X 10'° years on the half lifetime foK EC of 12*Te. Assum-
ing a branching ratio fork capture BRK=1.83x103
[20,26, the inclusive limit for EC of 2°Te is t;,>9.2
X 10'® years (90% C.L). More experimental efforts are

counts/(0.3 keV)

0 AT T T i needed to produce a more stringent test of the calculations.
10 15 20 25 30 35 40 45 50 A limit for the overall decay rate of?*Te can also be
Energy (keV) evaluated on the basis of the predicted probability of internal

) ) . bremmstrahlung accompanying electron capture from any
FIG. 2. Spectrum obtained in a run initiated a few days after th%tomic shell. A continuous spectrum spanning the energy re-
_crystals were exposed for two months to cosmic ray neutfiums2 gion up to Qg minus the binding energy of the captured
in the tex). electron B,)) is expected for a conventional radiation detec-
19 ] ] _tor. Since, however, the atomic deexcitation energy is fully
to #?Bi observed in the spectrum of the previous experi-getected in the case of a calorimetric approach, the spanned
ment, is no more apparent due to the effective reduction oénergy region starts @, up to Qgc. The probability to

Th contaminations in the new setup. The peak at 46.5 keV igpserve bremsstrahlung photons of energy between 25 and
due to surface activity of'®Pb, a common surface contami- 45 wev in our “calorimeter” is ~0.14% [27]. This figure
nant in all these experimer{t85]. The same contamination is jncjudes both the branching ratio and the detector efficiency.
also responsible for the bump &35 keV. As confirmed by A total of (1067+33) counts was recorded in this energy
Monte Carlo simulations this bump is the consequence of th?egion in our experiment, allowing us to set, conservatively,
ensemble of processey @bsorption and atomic rearrange- 5 inclusive lower limit oft,,> 2% 10 years(90% C.L)

men) following the g decay of ?'%Pb to the 46.5-keV ex-  for glectron capture of?*Te in any decay channel. Though

: 10n; cle :
cited state of*'%Bi. o _ _ statistically poorer such a result provides a complementary
Unlike what had been indicated in the previous experi-getermination of the half lifetime for this process, indepen-

ment, there is now no clear evidence of the peak at 30.5 ke\jent of the decay channel, thus confirming the strong rate
where the observed counts are*172. In order to assess the gyppression observed for theEC mode.

origin of this disagreement we carried out a second run tak-
ing advantage of a long measurement stop during which the
experimental setup was completely unmounted and rebuilt
with the aim to further improve the background level. In
particular, all crystals were brought outside the underground Thanks are due to the Laboratori Nazionali del Gran
laboratory for a surface treatment aiming at a reduction oSasso for generous hospitality. We gladly acknowledge the
their surface radioactive contamination. They remainechelp of P. Gorla, S. Parmeggiano, and L. Tatananni in various
therefore exposed to environmental neutrons for a period aftages of this experiment. Special thanks are due to M. Per-
about two months. After this operation they were again in-ego for assembling the electronic readout and to A. Rotilio
stalled underground and a second rtmin 2 totalling  for the realization of mechanical parts. Very fruitful discus-
259.59< kg took place. The low energy spectrum reported insions with the theoretical nuclear physics groups of the Uni-
Fig. 2 clearly shows a peak at 30.5 keV which could now beversity of Milano and particularly with P. F. Bortignon, R. A.
attributed to thek EC of 1?!Te isomers produced by cosmic Broglia, and G. Colare also gratefully acknowledged. This
ray neutrons outside the tunnel and nokt&C of *Te. experiment has been supported in part by the Commission of
Taking into account: European Communities under Contract No. FM-
(i) the absence of a clear signal in our present ¢fata 1); RXCT980167. C.P. acknowledges financial support from
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