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Every massive galaxy has a
Supermassive BHs with mass

M87: Event Horizon 10° — IOIOMSO
Telescope 2019



Credit:NASA GSFC/L. Blecha
» SMBHBs should be fairly common.



0.5 Gyr Gas

10 kpc Credit: V. Springel, P. Hopkins

» Binaries form in gas-rich environments.
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SMBHBs important for galaxy evolution.
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» SMBHBs most promising sources of Idw-frqunc GWs.



SUPERMASSIVE BLACK HOLE BINARIES




EM SEARCHES
FOR BINARIES




_EM OBSERVATIONS
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See review: De Rosa, ina. Charisi+2019



Hundreds of
candidates detected
in SDSS.

Signature is not
unique.

Long-term
monitoring IS
required.




Credit: NASA GSFC/S. Noble

Bright quasar-like emission.

Periodic variability.




TIME DOMAIN SURVEYS

——— 20090224 _q_equ_12_0.fits
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5 Credit: PTF
» Time-domain surveys provided large samples

of quasars for the first systematic searches.
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~250 Candidate Supermassive Black Holes.
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Vaughan+2016

Stochastic variability mimics periodicity.
Significant contamination with false positives.

Long-term monitoring is required OR additional
signatures.
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See review: D'Orazio, Charisi+2023
Several candidates show multiple signatures.

Challenging to distinguish them from quasar variability



20-100 million
quasars
High-quality
data

First data
release in 2025

=)

&
NN

Random Guess

Very reliable binary
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GRAVITATIONAL WAVES
PULSAR TIMING ARRAYS




MILLISECOND PULSARS
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stochastic GW background
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» GWs probe dynamics.

» EM obs. probe
interaction with gas.

» Multi-messenger obs.
provide the most
complete picture.

» EM information boosts Adapied tom LU

PTA detection sensitivity.
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» Improves PTA limits by an

order of magnitude.
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* Significant overlap in
parameter space.

Charisi+2022
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Pipeline to jointly analyze EM+GW data.
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SMBHBs produce bright EM emission.

~250 candidates identified as quasars with periodic
variability.

More and more reliable candidates expected in LSST
SMBHBs are strong sources of GWs.

PTAs and time-domain surveys probe the same
population of binaries.

Multi-messenger observations are possible for a
variety of binaries.



