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Black Hole Imaging with the Event Horizon Telescope

Messier 87* (2019, 2021) Sagittarius A* (2022)

2. Accretion Flow
• Hot plasma emits primarily in 

synchrotron

1. Central Depression
• Dark “shadow” caused by 

presence of event horizon
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• Edge of the shadow corresponds to a critical curve: delineates the boundary 
between plunge and escape

• Can plot the trajectories of these geodesics connecting observer to source
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Photon Subrings

• Spherical photon orbits are unstable
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Simulating Images of the Photon Ring
1. General Relativistic Magnetohydrodynamics 
(GRMHD):
• Determine properties (e.g. temperature, 

magnetization, density) of the plasma

2. General Relativistic Ray Tracing (GRRT)
• Numerically solve null geodesic equation to 

propagate light rays

Images: Ripperda et 
al. (2020), Wikipedia
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• Compute image as a function of inclination 
i (camera’s polar angle) and          (camera’s 
azimuthal angle)
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Connections To Accretion Physics
• How does appearance of the photon ring respond to changes in the accretion flow?

o Flux Eruption Events dramatically alter brightness of photon ring
o GRMHD simulations show magnetic reconnection in the accretion flow à causes large 

parts of disk to evacuate

• Photon ring flux is highly variable during eruption
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Photon Ring Variability

• What’s causing this loop?
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• Relative brightness tracked through Photon ring Flux Ratio (PFR) 

Flux contained in 
n=1 subring

Total image flux
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Semianalytic Toy Model

• Ray-trace the model for different values of            and compute photon ring fluxes 11

• Model the flux eruption event as a rotating “half-disk” of emitting material à mimics the 
evacuation of gas during flux eruption event
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Toy Model PFR
• Toy model reproduces same loop in parameter space

Magnification

De-
Magnification

Doppler 
Boosting

Doppler 
De-Boosting

• Loop created from magnification (gravitational lensing) and Doppler effects
12

• Photon ring is magnified when half-disk 
passes behind black hole, demagnified when 
half-disk is in front

• Rotation of half-disk causes Doppler 
boosting to alter brightness of total image
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Back to GRMHD
• Does the same explanation work for GRMHD? Yes!
• GRMHD adds the effects of magnetic 

field: can affect the size and orientation of 
the loop as well
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Feel free to reach out with questions!
zgelles@princeton.edu


