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Towards detection of string axion through black hole observations

(H AW B 2HES)

REIEE AR KE e Kyoto University Hidetoshi OMIYA

Black hole superradiance provides a way to probe ultralight axions predicted in string theory through astrophysical
observations. When a bosonic field is gravitationally bound to a rotating black hole, superradiant amplification can
produce a macroscopic axion cloud, which extracts angular momentum and emits gravitational waves through annihilation
and level transitions. We investigated the time evolution of such clouds beyond the commonly used linear and single-
mode approximations, focusing on axion self-interactions, tidal perturbations in binary systems, and the quantum origin
of superradiant growth. For isolated stellar-mass black holes, we found that self-interactions excite higher bound modes
and induce level transitions whose gravitational waves can lie in the deci-Hz band. For black holes in binary systems, we
showed that tidal perturbations coupled with self-interactions can modify the inspiral gravitational-wave phase and, in
some regimes, trigger dynamical instabilities of the cloud. We also formulated black hole superradiance within quantum
field theory, deriving the evolution of particle number, energy, and angular momentum and clarifying the relation to
Hawking radiation and adiabatic backreaction. These results establish a more systematic framework for using black-hole
spins and gravitational waves to constrain axion masses and self-interactions. The resulting predictions are relevant to

future multi-band gravitational-wave observations.
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