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Abstract 

Examples of large-basis shell-model calculations of Gamow-Teller 
(S-decay properties of specific interest in the astrophysical s-
and r- processes are presented. Numerical results are given for: 
I) the GT-matrix elements for the excited state decays of the 
unstable s-process nucleus "Tc; and ii) the GT-strength functio. 
for the neutron-rich nucleus , , 0Cd, which lies on the r-process 
path. The results are discussed in conjunction with the 
astrophysics problems. 

1. Introduction 
For a given astrophysical scenario for the s- or r- process, the 

corresponding elemental and isotopic abundances can be reliably computed orly 
if the relevant nuclear (and, in some cases, atomic) physics input data are 
available. In return, careful studies of required nuclear properties and 
comparisons of the calculated and observed abundances often give a hint as •> 
the astrophysical conditions appropriate for the s- or r- process site (see 
[MAT85a] for a review). 

Some of the most important input data in such analyses are often the 
nuclear (5-decay rates. Unfortunately, evaluating g-deeay transition rates 
under astrophysical circumstances is not always straightforward because of 
i) the thermal population of excited states at high temperatures, requiring a 
knowledge of unobserved B transitions from the excited states and ii) the 
ionization which necessitates an introduction of atomic physics into the 
calculations, especially in s-process studies. For example, the importance of 
bound-state B~ decay in certain nuclei has been demonstrated [TAK83]. 
Reliable predictions of unknown 8 transition rates in heavy nuclei can be 
extremely difficult even for rather well-known nuclei. In what folloWs, we 
present some examples of large-basis shell-model calculations for such unknown 
8 decays. 

2. "Tc problem 
The discovery of Tc (most probably "Tc) in red-giant stars is one of 

the strongest pieces of evidence that the s-process is indeed occurring in 
stellar interiors. On the other hand, the thermal population [CAM59] of the 
low-lying 7/2* (110 keV) and 5/2 + (181 keV) states in "Tc induces Gamow-
Teller allowed transitions (Fig. 1) and thus reduces the effective half-life 
of "Tc at high temperature relative to the terrestrial value of 2.1x10* yr. 
At a typical s-process temperature of 3x10* K, the half-life could be as short 
as a few years [C0S8A], suggesting that "Tc might not survive the s-process 
environment. If most "Tc is expected to decay to "Ru, then this expectation 
is in contradiction with the observations of substantial "Tc at the surface 
of at least some red-giant stars. This seeming conflict is the ""Tc 
problem". Toward a solution of the problem, we have calculated the "To 
stellar 6-decay rata and applied this rate to an s-process model. 



0.181 5/2* 
0.140 7/2*\/H. 

Using the Lanczos method {[WHI80], 
[HAU76]), we have performed a large-basis 
shell-model calculation of the log-ft 
values for the unknown Gamow-Teller 
transitions shown in Fig. 1 [TAK85a]. With 
the use of a realistic two-body effective 
interaction [KAL61!] and a model space 
consisting of low-seniority excitations in 
the (1g,2d) shell, the low-lying positive-
parity states in "Tc-"Ru and in an 
analogous isotonic pair * 7Nb-' TMo are 
reproduced reasonably well. The calculated 
log-ft values are shown in Fig. 1 in brackets. 
They have been normalized to a known GT decay 
from , 7Nb. These transition rates imply an 
effective "Tc half-life of - 20 yr at a 
temperature of 3x10* K. The fact that 
this half life is longer by at least a 
factor of five compared with the previous 
values from systematics (e.g. [C0S84], 
[¥0K85]) is encouraging, but this alone 
does not solve the "problem" without 
referring to a specific s-process model. 

Probably the most promising astrophysical site for the s-prccess is the 
recurrent thermal-pulse and third dredge-up phase in the He-burning shell of 
intermediate mass stars [IBE77], where neutrons are produced by the 
2 2Ne(o,n) I SMg reaction. Within an analytic version of this model, it was 
shown in network calculations [MAT85b] that "Tc indeed survives the s-
process: Because of the drastic increase of the neutron production rate for 
temperatures above - 3x10' K [FOW75]i the net production of "Tc compensates 
its 3-decay destruction. 

Since that work, more quantitative s-process calculations have been done 
in conjunction with the detailed numerical thermal-pulse model calculations by 
Becker [BEK81], leading to the same conclusion [TAK85b]. It is worth noting 
that the observed Tc abundance relative to Zr, Nb, Ho and Ru [s;iI83] can be 
well accounted for even if the "Tc fi-decay half-life is as short as a few 
years at 3x10' K. 

Fig. 1. "Tc e" decays 
of astrophysical interest. 
Calculated log-ft values 
for the unknown GT decays 
are given in brackets. 
The energies are in MeV. 

3. , 3 0Cd decay 
The astrophysical site that was responsible for the bulk of the solar 

system r-process material is not yet kno^n ([SCH83],[MAT85a]). Whatever the 
scenario is, however, the r-process path is expected to pass at least near the 
neutron-magic nucleus l , 0Cd. Otherwise, the abundance peak near mass number 
A-130 may be difficult to explain. In a classical r-process [MAT85a], the 
relative heights of the abundance peaks near A»80, 130 and 194 are largely 
determined by the relatively slow g-decay rates of such neutron-magic (N*50, 
32 and 126) nuclei with these mass numbers. 

We have again utilized the Lanczos algorithm to compute the s~strength 
function for the , , < ,Cd(0 +) •* , , 0In(1 + ) Gamow-Teller transitions. Low-
seniority excitations are allowed within the (1g,2d,3s,1h) shell, which are 
mixed by the Kallio-Kolltveit [KAL64] two-body effective interaction. The 
single-particle energies are taken from a detailed ansiys.'.s [STO85] of one-, 
two-, and three- quasi-particle nuclei near the Z-50, N-82 closed shells with 
the same two-body force. 
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The resultant 6-strength functions are displayed in Fig. 2 as a sequence 
in the number of Lanczos iterations. As for the absolute values, we nave 
assumed a quenching factor of 0.5 for the GT sum-rule. It can be understood 
that the half-life itself converges very quickly. For the predicted ground-
state B-decay Q-value of 6.U MeV ([LIR76], [JAN76], [C0M76J), the calculated 
"*Cd half-life is 0.08 sec as shown in Fig. 3 in comparison with the TDA 
calculations with a GT residual interaction [KLA84]. 
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ig. 2. Calculated GT-strength function for the , 1 0 C d ground-state 
D ) decays to the low-lying 1 + (T-16) states in "°In as a sequence 

F i l 
(0 ) decays to the low-lying l 11-16; states in "-in as a sequence 
of the number of Lanczos iterations. The abscissa is the excitation 
energy in , S 0 I n . For convenience of drawing, the minimum width is 
chosen to be 100 ksV. 
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Fig. 3. Calculated "°Cd half-life in 
comparison with the TDA predictions 
for Cd isotopes by Klapdor et al. 
[KLA84]. The squares represent known 
experimental data. 
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As a t e s t of our prediction for l , 0 C d , we have calculated the B-decay 
rates for the GT transitions from the lowest t + s tate of ""In to the ground 
(0 + ) and f irst-excited (2 + ) states of 1 J 0 S n . The resultant l s 0 I n total half-
l i f e i s 0.26 sec for the assumed Qg-10.2 MeV, which i s comparable with the 
reported value (0.33 sec) for the low-spin (1 ,3) + s tate [RUD85]. 

More systematic calculations with the present method will certainly help 
to clarify our understanding of the B-decay properties of spherical nuclei far 
off the l ine of s tabi l i ty , which are needed in r-process studies. In 
particular, a study of the effects of the B-decay of low-lying states 
thermally populated in the high temperature r-process environment i s due. 5 :oh 
effects have not been included in any r-process model yet attempted. Finally, 
we mention that a different approach ( i . e . RPA) i s probably called for in 
order to deal with deformed nuclei effectively [BRA85]. 

Work performed under auspices of the U.S. Department of Energy by the 
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48, 
and supported in part by the LLNL Institute for Geophysics and Planetary 
Science. 
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