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The gross thedry of beta decay is applied to the r-process calculat-
ion. In particular, it is explicitly shown that the delayed neutron emis-

sions in the final stage of the r-process smooth out the abundance curve

significantly.
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The calculation of the rapid neutron capture process (r-process)
requires our knowledge of at least two gross properties of nuclei lying
far from the beta stability line, i.e. masses and beta-decay half-lives.
In contrast to the elaborate efforts in examining the mass formu]ael,
rather primitive methods have been adopted with regards to the beta-decay
half-1ife calculation. Recently, However, the “gross. theory" of Dbeta
decay has enabled us to predict the beta-decay properties of unkown

nuclei more or less convincing]y2’3.

In this letter, we apply the gross theory of beta decay to the
r-process calculation. In particular, we pay our chief attention to the
roles played by the delayed neutron emissions after an abrupt removal of
the astrophysical conditions sustaining the r-process synthesis. As for
the synthesis équation, we simply follow the time-dependent method given
by Seeger, Fowler and Clayton (SFC)4 but not the "dynamics" proposed by

Cameron, Delano and Trurans.

Of the two sorts of solutions of SFC synthesis equation i.e. the
short-time solution and the 1ong-time solution, we take the former as an
example. Before moving on to the effects of delayed netrons, we show in
fig. 1 the short-time solution for a certain combination of the values

9

of the three parameters: temperature (in 10° K) T9 (with consideration

for possible fluctuation up to 10%), neutroh flux n, and duration time
At. Here and in the following, the beta-decay half-lives are calculated
by the gross theory3 with modified-Lorentz single-particle strength fung
tion (cN = 12 MeV) and the nuclear masses are calculated from the mass

formula of !lyers and'SwiateckiG.
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If the astrophysical conditions for the synthesis are remqved:;w
abruptly, the synthesized very-neutron-rich nuclei undergo beta-decays

2y 7, the

towards the beta-stability region. As forecasted early by B
mass "abundance" curve in this stage will be varied gradually by the in-
tervening delayed-neutron emissions i.e. by the neutron emissions from
the excited states fed by beta-decays above ;he neutron separation energy
in the daughter. To take account of this effect, we use a simple ap-
proximate formula for the delayed-neutron emission ratesg, )_\n=10'4(Q-Sn)4'5
sec'], which is based on the gross theory, where Q is the béta decay
Q-value between ground states and Sn is the neutron separation energy(all
in MeV). In addition, we restrict ourselves to the discussion of one-neu
tron evaporation. In fig. 2, we can see how do the successive cascades of
beta decays and delayed neutron emissions from a synthesized nucleid
influence over the final abundances of several nucleides. In fig.3, an
example is shown of the final abundance curve in consideration of the
delayed neutrons,which has revealed itself considerably different from
the corresponding "“frozen" abundance curve in fig. 1. (If no fluctuation
in temperature were taken into account, somewhatvlarger even-odd effects
could be seen in the "frozen" curve.) In fig.4, our results for the"hump"

region around the mass number A=160 are shown in the normal scale

together with the "experimental"” and with other theoretical values.

In conclusion, we can say that the'delayed neutron emissions play
an essential role to smooth out the zigzags seen in the “frozen" abun-
dance curve. In the case of the long-time solution, where the even-odd
fluctuation in the frozen curve seems to be much larger, another delayed

process will occur i.e. the delayed fissionsg. _Further results and dis-
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cussions including this effect will appear elsewhere.

One of us (T.K.) owes much thanks to Professor A. Marques for the
hospitality extended to him and the other (K.T.) to Professor P. Gregers
Hansen and Dr. N. Onishi. We are also indebted to Professor Y. Fujimoto,
Professor M. Yamada and Mr. K. Sato for conversations. The numerical
calculation has been done with TOSBAC 3400 at INS, University of  Tokyo
and IBM370 at C.B.P.F. We want to thank the staffs of these two

computation centres for their help.
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RELATIVE ABUNDANCE
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Example of short-time solution without consideration for delayed neuttons.

"experimental” data taken from ref. 4, where the s-process contributions have been subtracted

the observed solar-system abundances.

FIG. 1
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Example of short-time solution in considera
final stage (cf. fig. 1). . :
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Comparison of the present results in the "hump’ region with the "experimental" date
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