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Heavy elements in the solar system are thou?ht to originate from y -process
(p-process), s-process, r-process, v -process and v p-process. We elucidated that the previously
unresolved p-nuclei of Mo and Ru originate from the v p process in hypernovae by clarifying the
roles of deexcitation of the Hoyle resonance state in carbon-12. We conclude that about 90% of the
solar r-process elements are produced in collapsars and magneto-rotationally driven supernovae,
while the remaining 10% are produced in binary neutron star mergers in recent epoch of cosmic
evolution. Our galactic chemical evolution model reveals that the former two contributions are
dominant over the entire cosmic history. It was found that the i- and s-processes follow the
collapsar r-process due to the abundant neutrons produced by the fission of transuranium elements in
the collapsar r-process, resulting in strong even-odd dependence near A = 150 mass abundance
pattern of rare elements.
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