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At the early stage of the universe, there were only hydrogens, heliums, and a little amount of light nuclei.
There are, however, now as many as ninety kinds of elements in the nature. To trace the history of these ele-
ments in the universe is the study of nucleosynthesis. It has been considered that elements in the solar-system
originates from mainly three contributions, that is to say r-process, s-process, and p-process.

However, we do not know exactly how much these three processes contribute individually to the solar sys-
tem abundance because one always faces to the problem of model dependences. The model dependences arise
from two origins. One of them is the site of nucleosynthesis. The actual sites of r-and s-process are still an
open question. Another model ambiguity comes from nuclear physics. Since neutron-rich nuclei relevant to the
r-process are difficult to investigate experimentally at present, most of nuclear physics inputs have been evalu-
ated from theoretical works. The droplet, macroscopic, or semi-classical models have been used to describe
neutron-rich nuclei so far. However, these models do not sufficiently take into account the shell effects and
pairing. Actually, it has been reported that r-process calculation with microscopic-HFB mass formulae which
include the shell effect and pairing correctly reproduces solar-system abundance better than the former results.
This is clearly due to the improvement of the shell effects and pairing in neutron-rich nuclei. However, there
are still underestimates the abundance in r-process simulations compared to that in the solar-system. One of
the possible reasons is that they have used a macroscopic f-decay model and not taken into account fission
properly. These two points are considered to be the keys for the further improvements of r-process simulations.

The aim of this thesis is to discuss the S-decay and fission, which play an important role in r-process. In
order to take into account the shell effect and pairing, we adopt the Skyrme-Hartree-Fock-Bogoliubov for fis-
sion and the Skyrme-Hartree-Fock+BCS and QRPA for the f-decay. Particularly, we pay attention to the ther-
mal effects in this thesis. Nuclei in r-process is known to be at finite temperature by the interaction with
electrons or photons at r-process sites. In such environment, nuclei are excited to higher states. The thermal
effects on the B-decay of neutron-rich nuclei have not been discussed sufficiently well.

We have calculated the B-decay rates of neutron-rich isotones with magic number N=82. We found that
as the temperature increases, the -decay rates of all the nuclei decrease. However we did not see any signifi-
cant influences on the f-decay rates at standard r-process temperature, 7<0.2 MeV. We have calculated the
systematical half-lives for neutron magic number N=82 isotones and compared with the results of
FRDM+QRPA and ETFSI+QRPA. Our results for the S-decay half-lives are shorter than the other models for
large atomic number and are longer for small mass number.

Another problem we discuss in this thesis is the fission from the excited states. When heavy neutron-rich
nuclei are produced at r-process sites, the temperature is less than about 0.5 Ty K(~0.5 MeV). Such tempera-
tures is too low to give a significant influence on nuclei. However, nuclei can be at a non-zero temperature
due to neutron capture, neutron emission, and f-decay before the de-excitation. It is known that the pairing
phase transition occurs in a nucleus at highly excited states (hot nucleus). Since the pairing correlation gives
important influences on nuclear deformations, fission barrier heights also depend on the temperature. The study
of hot nuclei fission has been done so far by macroscopic-microscopic and microscopic approaches. However
the former approach uses the phenomenological fission barrier height depending on temperature while the lat-

ter approach adopts simplified constant pairing forces. Thus, in this thesis, we discuss the fission barrier
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height of neutron-rich nuclei microscopically taking into account pairing correlations with a more realistic pair-
ing interaction.

We have calculated **U and **Fm which are on the B-stability line, and **U and **Fm which are neutron-
rich nuclei relevant to the r-process. As the temperature increases, the energy curves which determine the fis-
sion path become smooth and the barrier heights lower due to the disappearance of the shell effect. However
we do not confirm significant influences on the barrier heights of the temperatures produced by neutron cap-
ture, neutron emission, or fB-decay. We have also found the effect of pairing phase transition on the barrier

height is small.
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