Nuclear Weak Rates for Astrophysical Processes in Stars
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We have updated nuclear weak rates relevant to the study of astrophysical processes in
stars. Neutrino-induced reaction cross sections, electron-capture and -decay rates at stellar
environments are obtained with new shell-model Hamiltonians that prove to be successful in
describing spin responses - Gamow-Teller and spin-dipole transitions - in nuclei.

v-nucleus reaction cross sections on '*C [1], **C [2], **0 [3], *°Ar [4], *°Fe, and *®Ni [5]
have been updated and applied to nucleosynthesis in supernovae (SNe) [1,3,5], v detection
[2-4] and study of v properties such as mass hierarchies [6]. The total and partial cross
sections for various channels are tabulated for **C, **C and '°0. Coherent elastic scattering
cross sections are also evaluated for **C and *3C and sensitivity to neutron distributions are
investigated [7].

Electron-capture and B-decay rates in pf-shell and sd-shell nuclei at stellar environments
have been updated with GXPF1J [8] and USDB, respectively. They have been used to study
synthesis of iron-group nuclei in type la SNe [9], and nuclear URCA processes in degenerate
O-Ne-Mg cores in stars with 8-10 solar masses [10]. Nuclear pairs, *Na-**Ne and ®Mg-*Na,
are found to be important for the cooling of the core, and the final fate of the stars is sensitive
to the nuclear weak rates as well as their mass. The rates for sd- and pf-shell nuclei are
tabulated. Extension of the study to e-capture and B-decay rates for neutron-rich nuclei along
and near N=50 is in progress, where evaluations of forbidden transitions in pf-gds shells
become crucial. The rates are important for stellar core-collapse processes. The rates for
nuclei in the island of inversion important for nuclear URCA processes in the neutron star
crusts are also under study.
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