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General 
Relativistic 
Magneto 
HydroDynamics 

Computes quantities 
in curved spacetime

Add Maxwell’s
 equations

Evolve the plasma 
as a fluid

-We need a mechanism to 
accelerate particles to 
energies greater than the 
baseline

-Also need a way to reproduce 
observed orbital motion

Look to GRMHD Simulations for Clues
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When black holes accrete too much 
magnetic field, the magnetic field can 
start to push back on the accretion disk.

During this phase, the magnetic field will 
reconnect, ejecting part of itself back 
into the disk.

Magnetically Arrested Disks (MAD)
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Ejection Events

Mass Accretion Rate
Magnetic Flux 
On The Horizon

Magnetically Arrested Disks (MAD)
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Magnetic Reconnection Produce Ejection Events

Red field lines are going 
into the black hole

Blue field lines are leaving 
the black hole

Opposing field lines get 
pushed together when 

magnetic pressure is high, 
creating reconnection event

Image credit: NASA's Conceptual Image Laboratory



Ejection Events Produce Flux Tubes

Reconnection results in 
the ejection of a bundle 
of magnetic field we call 
a flux tube or “hot spot”
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Magnetic flux eruptions result in:
- Low density
- Hot
- Highly magnetized
bundles of coherent magnetic field that orbit with the accretion flow
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Orbital Motion of these hot spots

This mechanism can power emission 
above quiescence, while simultaneously 

creating orbital motion 



Initial Reconnection Event Can’t Power Flare for Full Duration

𝑡cool =
6𝜋𝑚𝑒𝑐

𝜎𝑇𝛽2𝛾𝐵2

Synchrotron Cooling Time

For Sagittarius A* like IR parameters:
- B~ 50 Gauss
- γ~ 4 × 102

Cooling time: ~ 15 minutes

For Sagittarius A* like X-Ray parameters:
- B~ 50 Gauss
- γ~ 105

Cooling time: ~ few seconds

An additional energy injection 
mechanism is required
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Rayleigh-Taylor Instability

Zhdankin et al (2023)
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Creating Reconnection Sites with RTI

RTI finger
Toroidally dominated field



Creating Reconnection Sites with RTI

B

B

RTI acts by dragging toroidal field from the disk into the flux tube, 
where it can reconnect, re-energizing particles



Creating Reconnection Sites with RTI
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RTI acts by dragging toroidal field from the disk into the flux tube, 
where it can reconnect, re-energizing particles

X-Point



Creating Reconnection Sites with RTI

B

B

RTI acts by dragging toroidal field from the disk into the flux tube, 
where it can reconnect, re-energizing particles

Plasmoids Forming
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Global + Local Simulations = Better Models

Plug Parameters from Global 

Simulations into local box 
PIC Simulations

Sophia 
Sanchez-Maes



16

Global + Local Simulations = Better Models

Plug Parameters from Global 

Simulations into local box 
PIC Simulations

Extract Electron 
Distribution Functions

Sophia 
Sanchez-Maes
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Global + Local Simulations = Better Models

Plug Parameters from Global 

Simulations into local box 
PIC Simulations

Extract Electron 
Distribution Functions

Use to better inform 
Global Simulations

Sophia 
Sanchez-Maes
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In Conclusion

- Magnetically arrested disks eject flux tubes

- Flux tubes can last long enough to make complete orbits

- Energization mechanism is required to sustain flare

- RTI-mediated reconnection is a viable option
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