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Abstract:

The recent detection of a low frequency gravitational wave background by pulsar timing arrays provides solid evidence that the
observable universe contains a population of in-spiralling supermassive black hole binaries. Such binaries likely form as a result
of collisions between galaxies and can offer clues as to how black holes and galaxies grow over time. Moreover, since galactic
centers are often densely populated by gas and stars, these systems are much more likely to be actively accreting and radiating
compared to stellar mass-sized black hole binaries. This makes them promising candidates for multi-messenger detection
(combining electromagnetic and gravitational wave information), particularly when LISA comes online or as pulsar timing arrays
improve their sensitivity. In order to facilitate this goal, it is important that, in addition to predictions for the possible
gravitational wave signals from numerical relativity, we also develop predictions for electromagnetic signals from simulations of
black hole binary accretion. In this talk | will present some of our recent results from 3D general relativistic
magnetohydrodynamic simulations that utilize a strong-field approximation to the in-spiralling spacetime metric. Specifically, |
will showcase several possible distinctive electromagnetic signals from black hole binaries, including quasi-periodic emission, jet
precession, and two processes analogous to flaring activity frequently observed in the outer layer of the Sun.
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Masses: 10° — 108M,

Mission Lifetime:
4yr+6yr

Reference

Base population MBHB evolution prescription Merger rate (yr—!)

Arun et al. (2009)
Sesana et al. (2011)
Klein et al. (2016)
Berti et al. (2016)¢
Salcido et al. (2016)
Bonetti et al. (2019)
This paper

SAM None

SAM None

SAM DF, LC, VD, GW, Tri

SAM DF, LC, VD, GW, Tri
Hydrodynamic Constant?
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Credit: David J. Champion

Masses: 10® — 101\, Mission Lifetime: Indefinitely
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1. Evolution of Spacetime 2. Evolution of Surrounding
| 7 ' Plasma
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Numerical Relativity + MHD
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Case 1: Small Mass Ratio
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Credit: Most & Wang 2024a,b
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Aligned Spins Tilted Spins
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Less Net Flux Reaching BH Unstable, Weaker Jets
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Aligned Spins

irsa: 25050028 Page 26/44




Aligned Spins

Ressler+ 2024b Credit: Ripperda+ 2022

Pirsa: 25050028 Page 27/44




Aligned Spins

Ressler+ 2024b Credit: Ripperda+ 2022
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Image Credit: Alicia
Savelli
(U of Toronto PhD
Student)
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Tilted Spins
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Tilted Spins
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Aligned Spins
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Unique Spectral Features
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