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This project aims at clarifying the nature and evolution of first stars in
the universe, in particular, the nature of the progenitors of massive black holes observed with
gravitational waves and the new type of superluminous supernovae. We have studied the 80-140 solar
mass (Msun) stars, which undergoes pair-instability pulsations and gravitational collapse to form
black holes. Our findings are as follows: 1) These massive stars undergo lots of mass loss due to
pulsations and form circumstellar matter. 2) The maximum of the black hole is about 50 Msun, which
is consistent with the gravitational wave observations (except for 1 exception). 3) Nucleosynthesis
of supernovae that associated with the black hole formation shows the importance of the Si/0 and
Ca/0 ratios to identify the progenitor masses.
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