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Abstract.The 3 decay of the neutron—deficient isotope '%In was investigated by using
total absorption y-ray spectrometry on mass-separat

ed sources. The measurement
reveals a high-lying resonance of the B—decay strength in striking disagreement with

high-resolution y-ray data. The result is discussed in comparison with shell-model
predictions.

Within the last few years, the region of nuclei near the '°°Sn has been subject of
intense experimental and theoretical investigations

( [1-3] and references therein).
Although 19°Sn was observed by using high—energy fragmentation reactions, its de-
tailed spectroscopy appears to be still out of experimental range. For nuclei near
1008n, however, both in-beam and decay spectroscopy is

already feasible today.
One of the particularly interesting features of decay s

tudies in the °°Sn region
is the occurrence of fast 4 transitions related to the Gamow-

Teller (GT) transfor-
mation of a 7gy/y proton into a vgr/2 neutron. A measurabl

e quantity suited for
comparison with theoretical predictions is the B strength defined as:
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where D = 3860(18) s is a constant corresponding to the value of the axial vector
weak interaction coupling constant g4 for the decay of the free neutron, I the 8
intensity, F the excitation energy in the daughter nucleus, f the statistical rate
function, Qgc the total energy released in electron—capture (EC) decay, and T, /2
the O-decay half-life. The Bgr(E) distributions, deduced from measurements of
I(E), Qpc and Ty/,, can be compared to the calculated square of the GT transi-
tion matrix element. The quenching of the experimental GT transition rates with
reference to model predictions has been a puzzle for many years. A renormaliza-
tion of g4 (or of the GT operator) has been applied [2,3] in order to account for
the missing GT strength in the '%Sn region. This led to a consistent picture for
the decays of even—even nuclei, but the dramatic reduction of the shell-model GT
strength remained to be explained for the decays of non even-even nuclei (see [4]
for a recent example).

We report on a re-investigation of the 8 decay of 1931n, a five-quasiparticle con-
figuration with respect to the '°°Sn core. In order to deduce Bgy we performed a
measurement of I(E) by means of total absorption spectrometer (TAS), and took
the values of Q¢ (6.05(2) MeV and Ty /5 (60(1) s ) from the literature. In order to
estimate the systematic uncertainties involved in the evaluation of TAS data, we
performed two independent evaluations. They differ in the applied Monte—Carlo
simulation codes, and in the assumptions made for the de—excitation pattern of
high-lying 1**Cd levels. Details of this work are presented in [6].

The TAS [7], installed at the on-line mass separator at GSI, consists of a large
Nal crystal (¢ 356 mmx 356 mm) surrounding the radioactive source, two small Si
detectors (¢ 16 mmx 450 um) above (“top”) and below (“bottom”) the source, and
one Ge detector ( ¢ 16 mmx 10 mm) placed close in the center of the Nal crystal
just above the “top” detector. By demanding coincidence with signals from the Si
detectors, the 8% decay component for the nucleus of interest is selected, whereas
coincidences with characteristic K, 5 X-rays recorded by the Ge detector can be
used to select the EC mode. The total y-ray efficiency of TAS for monoenergetic
photons between 0.2 and 4.0 MeV is above 88%, and its photopeak efficiency is
above 56%.

The '@In isotope was produced by means of S0Cr(®¥Ni,3p2n)'%In fusion-
evaporation reactions. The energy and intensity of the Ni beam on the 5°Cr
(3.6 mg/cm?) target amounted to 285 MeV and 40-50 particle nA, respectively.
After ionization in a FEBIAD-B2-C ion source [8], and mass separation the 1*In
beam was implanted into a transport tape and moved to the center of the TAS.

In order to deduce the S—intensity I (E) as a function of the excitation energy

E in the daughter nucleus from an experimental TAS spectrum S(z), one has to
solve the equation

where I; is the S—feeding to level i. Any column R;(z) of the response matrix,



transformed from energy into experimental spectrum channels (z), represents the
“level response function” of TAS to the cascade of v rays deexciting the level ;.
In the case of TAS measurements of exotic nuclei one usually faces the problem
that, even though some B-delayed 7 rays are known from high-resolution mea-
surements, many of them have escaped from observation in these experiments.
Correspondingly, the decay schemes obtained from high—resolution data are incom-
plete, and hence assumptions have to be made in deducing I;. Such assumptions
may introduce unpredictable systematical uncertainties. Therefore, we decided to
carry out two independent data analyses (recursive folding (RF) and peel-off (PO)
methods) and to confront their results in order to estimate the systematical un-
certainties (for details see [6]). The Bgr distributions for 1%3In, obtained from the
RF and PO methods (see Fig. 1), agree in the gross features, i.e. the dominant
resonance around E = 3.8 MeV with a full width at half maximum of the order of
2 MeV. A closer inspection shows, however, that the Bgr resonance is split into
two components, and that a long tail extends towards high excitation energies.
Furthermore, distinct differences occur between the results obtained by the two
unfolding procedures. These differences, which are interpreted as representing the
systematical uncertainties involved in these procedures, concern more the shape

010 LI I T T T _]

0.08 | ~

0.06 |-

0.04 -

Bg; /25 keV

0.02 -

AR

0.08 - -

=

0.06 -

0.04 + "

By /25 keV

0.02 - ~

0.00 L Al i 1
0 1 2 3 4 5 6

Energy (MeV)

FIGURE 1. Bgyp values for the 193p decay as a function of the 1°3Cd excitation energy. Upper
panel: TAS data derived by the recursive-folding (RF) method (solid line) and the peel—off (PO)
approximation (broken line); lower panel: results obtained by the shell-model calculations The
shell-model Bgr values were divided by a factor of 5.1



than the summed Bgr values SBEP) of 2.54(25) and 2.40(25).

The model space and interaction we have used for the analysis of the 1%In GT
p—decay is that denoted by SNB in [2], where it was introduced to calculate G-
decay properties for nuclei near 1°°Sn. A 103, _y 10304 GT-decay is calculated
as (mp1/2,80/2)""5(vg7/2,ds5/2)* — (7P1/2:89/2)'%(v87/2,d5/2)°. The calculated Ber
distribution is shown in Fig. 1 in comparison with experiment. The centroid and
width of the theoretical distribution is very close to that of the experiment. The
main difference in the shape of the distributions is that the experiment yields a
high—energy tail which is not present in our calculation.

The total experimental GT strength for 103Tn, obtained from the average of the
two analysis methods is 2.4740.25, and the total theoretical strength from the SNB
calculation is 12.7. Thus, Pezp is 5.14+0.5. This is the first time that one has been
able to extract this factor for an odd-even nucleus close to 1%Sn with the confidence
that most of the expected strength has been detected experimentally.

These results represent an important step in the understanding of the hindrance
factors for 5% /EC decays near 'Sn. It is the first time that the complete GT
strength has been measured for a “non even-even” nucleus so close to 19031 that a
comparison with full-space shell-model calculations becomes possible. Thus, the
quality of the data obtained in this work goes beyond that reached in previous
experiments for 'In [9], %In [4], and 1 Ag [5].
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