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The Gravitational Monster: Black Hole



When dark matter meets black holes
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DM Accretion Superradiance DM Spike

Black Hole Impacts on DM



Binary Companion as a DM Probe



Pulsar-Black Hole Binary OJ 287 Black Hole Binary

Radio Channel Optical Channel Gravitational Wave Channel

Probe DM in Multi-Messenger Astronomy



Radio Channel
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Dark Matter Accretion Rate
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A detection of pulsar mass change within 16 years 
observations

Kramer, M., et al. "Strong-field gravity tests with the 
double pulsar." Physical Review X 11.4 (2021): 041050.

The relative BH mass change within 10 years, if 
𝑀! = 10𝑀⊙ and Θ = 10#$% or 𝑚&' = 10#(% eV

PSR J0737-3039A/B

Feasibility of DM Detection

Pulsar-Black Hole Binary



Hulse–Taylor pulsar
(PSR B1913+16)

Orbital Phase Delay

Newton



Orbital Phase Delay



Orbital Phase Delay



Dark Matter Constraint

Null-Detections prefer 
weaker accretion DM 
models, such as PBHs



Optical Channel
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Image Credit: NASAOJ 287
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Superradiant Instability
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A Loop Penrose Process
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Dynamical Friction Power



OJ 287 Constraint on Ultralight Boson

Dissipative Energy from Boson Cloud  

A Null Detection Result 



Gravitational Wave Channel
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GW150914



Dark Dense Environment Impacts on GWs



A Novel DM Probe in GWs



D – f  Diagram in GWs

Superradiant Boson Cloud Soliton DM Spike



Detectability of Dark Dense Environments

Superradiant Boson Cloud Soliton DM Spike

Detectability:



Radio Channel Optical Channel Gravitational Wave Channel
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