supermassive black hole binaries:
spin evolution, coalescence time-scale

and merger rate
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Current state-of-the-art in cosmological hvdro simulations
The Eagle Project (Schaye et al. 15) The Horizon AGN project (Dubois et al. 14)
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Caveats

» Majority of these models assume very massive seeds - helps kick
start BH growth for z ~6 QSOs

» Majority of these models assumes all massive haloes have SMBHs
seeds

» Majority of these models assumes “Bondi-Hoyle"-like accretion -
helps kick start BH growth and reach Eddington limit

» Majority of these models neglects various early feedback
processes, e.g. radiation from stars, stellar winds, etc. which could
stall BH growth



BH seeding in large cosmological simulations
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BH seeding: |m|oI|cat|ons for observational constraints
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BH seeding: implications for merger rates
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BH seeding: implications for merger rates
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Multi-messenger astrophysics with SMBH binaries

Cosmological Hydrodynamic Synthetic observations of EM
Simulations

Massive BH Merger rates

counterparts and host galaxies

Carnegie
UlllVel'Slty STScI | e wermure Max-Planck-Institut  , NDERBILT
fiir Astrophysik UNIVERSITY

Team members: Tiziana Di Matteo, Gregory Snyder, Colin DeGraf,
Debora Sijacki, Volker Springel, Kelly Holly-Bockelmann
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Multi-messenger astrophysics with SMBH binaries
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Merging supermassive black hole binaries
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larger scales
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Merging supermassive black hole binaries
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file:///home/deboras/Talks/DiRAC2018/binary.sh
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Merging supermassive black hole binaries
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Merging supermassive black hole binaries
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Merging supermassive black hole binaries
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Analytical predictions
fiaas/ fraqr g%, =201 (Gerosaetal. 2015)
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The Future

GR simulations
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