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Clues from gravitational waves on (pulsational) pair instability

Abstract

Since the first direct detection in 2015, gravitational waves have
completely changed the landscape of known stellar mass black holes
(BH). This gives unprecedented constraints on the evolution and death
of the most massive stars, which are otherwise hard to study due

to their rarity. In particular, stellar evolution predicts the

existence of a gap in the BH mass distribution, due to

pair-instability evolution. Its location between ~45-125 Msun is one
of the most robust predictions of stellar theory, primarily sensitive
only to uncertain nuclear reaction rates. This will allow for the use

of gravitational-wave detectors as nuclear astrophysics

experiments. On the other hand, ~3% of the population of BHs inferred
have masses within the pair-instability gap. Explaining these BHs
requires either dynamics, gas accretion, or exotic

physics.

Pair-instability should also produce visible electromagnetic
transient, however, an uncontroversial detection is still

lacking. Upcoming large time-domain surveys will soon be able to
reveal even very rare transients and should identify these.

In this talk, I will review the physics of (pulsational) pair-instability in
the context of the latest gravitational-wave and time-domain

surveys. [ will show the wide range of theoretical predictions and
their trends with stellar mass, and highlight what we have already
learned from the binary BH mergers detected. Finally,

[ will discuss possible ways to populate the pair-instability gap and
potential open problems with some of the scenarios that have been



proposed.
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