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Nuclear Structure Far from Stability

Shell effects and nucleosynthesis of heavy nuclei
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The nuclear shell effects across the magic numbers N = 50, 82 and 126 near the r-process
path are crucial to understanding the nucleosynthesis of heavy nuclei. Since nuclei near the
r-process path are extremely neutron rich and are not accessible in the laboratory, the current
understanding of the nuclear abundances is based much upon extrapolations of various mass
formulae. In this talk, we will discuss as to how the shell effects evolve in going from the
stability line to the r-process path and towards drip line in the heavy mass region. Within the
framework of the relativistic Hartree-Bogoliubov (RHB) theory with the vector self-coupling of
omega meson [1], it will be shown that the shell effects across N = 82 show a significant decline in
going from the r-process path to the drip line [2], whereas those at N = 126 remain resilient to the
change in isospin in going from the r-process path to the neutron drip line [3]. This behaviour
of the microscopic RHB calculations is consistent with the recent r-process calculations [4]
suggesting that a shell quenching at N = 82 would be useful, however, a quenching is not
necessary for reproducing r-process abundances near the peak at A ~ 190. We.will also show
that due to an onset of deformation for nuclei above N = 126, an additional stability in some
nuclei beyond the neutron drip line is provided [3]. Consequently, this would contribute to
r-process nuclear abundances in the third peak. A comparative analysis of shell effects with the
microscopic RMF theory and with the macroscopic-microscopic mass formuale shows that the
microscopic RMF theory possesses the potential of describing nuclear abundances in the peaks
about A ~ 130 and A ~ 190.
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