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SHEDDING LIGHT ON INSPIRALING BINARY BLACK HOLES WITH MAGNETIZED MINI-
DISKS

Magnetohydrodynamic simulation of mini-disk and 
circumbinary disk interactions 

Realistic accretion disk simulations are particularly challenging as they involve a multitude of physical 
processes interacting over large dynamic ranges in space and time. In actual systems, gas is collected 
at scales a million times larger than the black holes themselves and yet many cells per black hole 
width must be used to capture the relativistic plasma dynamics in their vicinity. Consistency between 
the gas's thermodynamics and radiation model is desirable to produce self-consistent predictions of 
the light produced by the modeled systems, which is the ultimate goal of our program 

• The inclusion of magnetic stresses provides greater realism to how gas is 
brought in from large distances and how it dissipates its orbital energy.

• A new phenomenon is discovered where the irregular circumbinary flow 
can modulate the rate of accretion onto the mini-disks .

• A first-of-a-kind radiative transfer calculation in time-dependent general 
relativity using the simulation's data as an emitting source, has resulted in 
the first electromagnetic spectrum of accreting supermassive black holes 
in the inspiral regime.

• A flux-conservative, high- resolution, shock-capturing general relativistic 
magnetohydrodynamic (GRMHD) code, HARM3d, is used.

• HARM3d is written in a way so that any metric or coordinate system may 
be adopted, which accommodated the implementation of a novel, time-
dependent, non-uniform gridding scheme to resolve the huge scale 
differences for features near and far away from black holes.

Blue Waters’ capability and support has made the 3D GRMHD mini-disk simulation, which ran for three orbital periods and used 18 million floating-point-core-
hours or 1.2 million node-hours, possible. The simulations used 600 × 160 × 640 or approximately 60 million cells with about 3 million timesteps using 600 nodes 
or 19,200 Blue Waters cores. We have further benefited from their visualization team’s efforts in producing state-of-the-art visualizations of our simulations.
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