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Motivations

Black Holes

Dark sector

Can we use black holes to probe dark sector?
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Black Holes
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Detect BHs via Hawking Radiation
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Dark Sector from Hawking Radiation

Hawking radiation rate of particle i from a non-rotating BH:
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- particle mass kinematically allowed m; S E; S Tppy

Asteroid-mass BHs can produce MeV or lighter particles

- production via gravity, only depends on degree of freedom g, not coupling
Hawking radiation is good at producing weakly coupled particles in the spectrum

 how to detect the effect?

* energy scale determined by Hawking temperature
- large BSM particle production rate, modify the radiation spectrum
- clear SM “background” spectrum from Hawking radiation calculation



ALP from BHs

e |[f exists an Axion-Like-Particle in the particle spectrum

primary

e Gamma-ray spectrum is modified by ALPs: double peak
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Identification of ALPs

If fopy is larger than the detection limit, enough statistics to distinguish the ALP.

We will be able to know if ALP exists from the shape of gamma-ray spectrum.
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Identification of ALPs

ALP parameter space that can be probed with BHs.
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Superradiance

So far we only talked about BH mass, how about BH spin?
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R. Brito, V. Cardoso, P. Pani
1501.06570

BH can produce massive bosons with BH angular momentum when @, < m Q

(2: BH angular velocity
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Superradiance Condition and Rate

- Gravitational coupling between BH and axion: a = Gy Mm,

+ Frequency of axion mode bounded by BH: @ = wp + Loy,
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Spin-down of BH

The rotational energy of a BH is depleted into the axion cloud,

rotating PBH
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Spin-down of BH

Galactic Center searches for BHs are only sensitive to the final spin of the Kerr BH.

Constraints becomes weaker with superradiance.
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Extra-galactic Gamma-ray

Extra-galactic flux can be correlated to test BH spin evolution at higher redshift.
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keV Line Search

Axions produced with BH superradiance can contribute to keV lines with decay.
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* Black holes can be particle factories with gravitational production. Hawking radiation
and superradiance combined create interesting searches for new physics.

* To correlate a particle physics energy scale to BH physics

* Hawking radiation: Particle mass comparable to Hawking temperature or below.

e Superradiance: Particle wavelength matches BH radius.
Timescale of superradiance in the observation window.

* TJo test the idea with asteroid-mass BHs, we use ALP as an example

* Modification of Hawking radiation spectrum from galactic center

* Spin evolution of BHs from galactic and extra-galactic signals

* Decay signal from the superradiance cloud

* Qutlook: a variety of possible correlative channels to probe dark sector.

Thank you!
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