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Superradiant instability of area-quantized
Kerr black hole with discrete reflectivity

Speaker: Yun-Long Zhang (NAOC)
National Astronomical Observatories,

Chinese Academy of Sciences

Zhong-Hao Luo and Yun-Long Zhang Eur. Phys. J. C (2025) 85:507
2026 Aug 24 @UCAS [email: zhangyunlong@nao.cas.cn]
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Axion-like Cloud and Black Hole Superradiance

Schwarzschild RBH = GNMBH/c2, de Broglie wave length λϑ = h̄/(mϑvϑ)

Characteristic α ≡ RBH
λϑ

≃
(

MBH
M⊙

) ( mϑ
10−10eV

) ( vθ
c
)
.

Formation time τϑ < Universe’s age τU ≃ 1023
(

M⊙
MBH

)
RBH

τϑ↑ ≃ 107e1.84αRBH, α≫ 1, τϑ↓ ≃ 24α−9RBH, α≪ 1.
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Axion-like Dark Matter

QCD axion

L = −1
4Fa

µνFµν
a − αθθFa

µν F̃µν
a + ψ̄

(
iγµDµ − meiθ′γ5

)
ψ

Strong CP problem: no CP violation in measurement
Peccei–Quinn (1977): introduce new pseudoscalar
Wilczek- Weinberg: relax the CP-violation parameter

Axion-like: ultra light dark matter
e.g. Fuzzy Dark Matter, Dark photon dark matter
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New physics in ultra-low energy

[cf. Baumann-Chia-Porto-Stout, Gravitational Collider Physics, 2019]

[cf. Brito-Cardoso-Pani, Superradiance 2020]
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Multi-band gravitational wave detection

[cf. LISA/Ultra-High-Frequency Gravitational Waves Initiative]Chiral GWs (Aug 24@UCAS) Yun-Long Zhang(NAOC) 5 / 15
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Energy level transition and Monochromic GW

Energy transition ϑ+ → ϑ− + h, Strain h ∼ 10−19 − 10−27

Monochromic GW [cf. Brito-Cardoso-Pani, Superradiance 2020]
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Axion annihilation and Stochastic GWs

Axion annihilation ϑ+ ϑ→ hh, Strain h ∼ 10−21 − 10−32.
Stochastic GW [cf. Brito-Cardoso-Pani, Superradiance 2020]
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Area-quantized balck holes and spectrum

cf. Ivan Agullo, Vitor Cardoso et al. (2021)
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Area-quantized balck holes
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Superradiance of Area-quantized balck holes

cf. Z.H.Luo & Y.L. Zhang (2025)
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Superradiance of Area-quantized balck holes
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Klein-Gordon equations
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Asymptotic matching method for the solutions
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Reduced mass of the axion cloud
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Summary of area-quantized balck holes

Thanks a lot for your attention!
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