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Black Hole Superradiance
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[Penrose 1969, Press & Teukolsky 1972, Zouros & Eardley 1979, Detweiler 1980]



Black Hole Superradiance

e cloud size rg ~ GM/a”
e cloud mass M.~ aM

e Hydrogen atom-like spectrum

(gabvavb — ,uz) U(t,r) =0

1 —ut * _1ut
\Ilzﬁ(we “+¢6“)
Oy = HY  H = v -2 O(a*)

A
o

o =

—GM“:OJ( M )( c

hc 1OM@ 10_12€V

)



Observational Signatures of BH Superradiance
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B GW emitted by superradiant clouds
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Observational Signatures of BH Superradiance

B Dynamical sighatures of superradiant cloud in black hole binaries
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Observational Signatures of BH Superradiance

B Dynamical sighatures of superradiant cloud in black hole binaries
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Observational Signatures of BH Superradiance

B Dynamical signhatures of superrdiant cloud in black hole binaries
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[Guo, Zhang, Yang & JZ, arXiv: 2508.18738]



Observational Signatures of BH Superradiance

B Dynamical signhatures of superrdiant cloud in black hole binaries
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Common Envelope Evolution of Clouds in BHBs
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[Guo, Zhang, Yang & JZ, arXiv: 2508.18738]



Common Envelope Evolution of Clouds in

BHBs
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Common Envelope Evolution of Clouds in BHBs

B Resonant transitions in eccentric orbits
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[Guo, Zhang, Yang & JZ, arXiv: 2508.18738]



Common Envelope Evolution of Clouds in BHBs

B Dynamical signatures in orbital evolution
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[Guo, Zhang, Yang & JZ, arXiv: 2508.18738]



Summary

® Dynamical signatures of clouds provide an independent way of probing
ultralight bosons.

e \We propose a framework to investigate the evolution of clouds in the late
inspiral stage of comparable mass ratio binaries.

e \We find that the eccentricity of the orbit could be enhanced in the late
inspiral by the clouds.

e This framework can be used in modeling GWSs from black hole binaries in
the presence of clouds.
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