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\\ Axion-like Cloud and Black Hole Superradiance

Chiral GWs

Superradiance

Schwarzschild Rgy = GyMpgn/c?,
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m Typ 1O7e1'840‘RBH, a>1,
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m Formation time 7y < Universe's age 7y ~ 10% <MB,_,> ReH

de Broglie wave length Ay = h/(mygvy)

Ty, = 24a_9RBH, a < 1.
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\\ Axion-like Dark Matter

Chiral GWs
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Superradiance
m Strong CP problem: no CP violation in measurement
m Peccei-Quinn (1977): introduce new pseudoscalar

m Wilczek- Weinberg: relax the CP-violation parameter

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

Standard 3.
o i high energy
Strong particle collider Necac :

Z

= EM -

= Neutrinos

i Weak + 4 + Energy (eV)
Superradiance B | 10-20 10 1020 My,

Ey

3

S

Gravfty |-

cosmological
collider

Anthropically Constrained

2 x 10720 3 x 1070

Axion Mass in eV’

[cf. Baumann-Chia-Porto-Stout, Gravitational Collider Physics, 2019]
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Multi-band gravitational wave detection

Gravitational Wave Periods
Chiral GWs
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\\ Energy level transition and Monochromic GW
o
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m Energy transition 97 — 9~ + h, Strain h~ 10719 — 10727

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

Chiral GWs
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= Axion annihilation ¥ + 9 — hh, Strain h ~ 10721 — 10732,
m Stochastic GW [cf. Brito-Cardoso-Pani, Superradiance 2020]
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Area-quantized balck holes and spectrum

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

H(t) = Hgy + Hip (1), My =M, + hw,

Chiral GWs
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Superradiance of Area-quantized balck holes

Chiral Aw = ak/87
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[lvan Agullo, Vitor Cardoso et al. (2021)]

cf. Z.H.Luo & Y.L. Zhang (2025)
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Superradiance of Area-quantized balck holes
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[Detweiler(1980)]
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[Baumann et al, 2019, 2020]
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Klein-Gordon equations

Chiral

» Klein-GordonZ 4% Yoshino & Kodama, PTP 128 (2012), 163—190
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Asymptotic matching method for the solutions
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Chiral GV
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Reduced mass of the
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D\ Summary of area-quantized balck holes
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Scalar fields Instability BHs(IR| = 0) ECOs (IR = 1)
Massive Ergoregion Stable [10] Stable
Massive Superradiant Unstable [10] Stable [10]
Massless Ergoregion Stable [10,62] Unstable [10,62]
Massless Superradiant Stable [10] Stable [10]

Thanks a lot for your attention!
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