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Black hole as dark matter detector

« SMBH in the galactic center —
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Why Event Horizon Telescope (EHT)

Conventional observation:

F, = /I,,(a,B) df)

EHT M87* Paper.lV

Excellent angular resolution Af ~ 50 pas
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Horizon scale spatial information

Integrated flux only




Black hole shadow
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 \Where do the photons come from: :

Accretion flow: relativistic electrons + magnetic -,,.
fleld = synchrotron

Jet: merely electrons = much lower emissivity |

* Null geodesics seen by a far observer

Do NOT cross equatorial plane (disk)—shadow o
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Credit: Chael et al.(2021)
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Black hole shadow
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Electrons from DM annihilation

Stagnation surface
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Electrons from DM annihilation
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e Analytic fit of background 5 5 Gl o =
Sk v (ov) =1p"%"cm3s~!
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v, follows B, magnitude

influenced by gravity and
centrifugal force.

e Momentum transfer:
synchrotron + adiabatic convection
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Dark matter illuminates the shadow

Spike bb
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Morphology robustness
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Exclusion
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Exlucsion-different annihilation channel

Lighter dark matter: —25

FU m', Pl md\

Reduced synchrotron efficiency
at 230 GHz — worse sensitivity
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Morphology robustness

Uncertainties of Spin
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Summary

* Black hole images from EHT has spatial information (shadow and

photon ring), providing a new opportunity for DM detection
DM annihilation will inject extra electrons, especially in the jet region

* Synchrotron of injected electrons will illuminate black hole shadow,
thus the black hole image can used to constrain DM annihilation cross

section

 The method is robust for potential parameter uncertainties



