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EM Signatures Through BBH Lifetime

Galaxy Mergers
R ~ Mpc

Dual AGN
R ~ kpc

Relaxing Disk
t ~ yrs

X-Shaped Lobes
t ~ Myrs

Circumbinary Disks
R ~ pc

Immediate
t ~ ± hrs

r < 10-5 pc

See Schnittman (arXiv:1307.3542) for a good review



Multi-Messenger Astronomy

● Source Localization: EM better than GW

● Indep. Redshift & Luminosity distances

● Galactic Evolution & Nuclei Environments

● Supermassive BH growth methods

Credit: NASA, ESA, the Hubble Heritage 
(STScI/AURA)-ESA/Hubble Collaboration, and K. 

Noll (STScI)

Credit: LIGO Laboratory

Credit: NASA

See e.g., Schutz ('86). Holz & Hughes (2005)

Synergistic Measurements   →   Extra Information → “Standard Sirens”



EM + GW  Detections
Sight & Sound

● 106-107 M
sun

 →  edge of eLISA/NGO (2028) frequency band

● Fiducial q = m
1
/m

2 
≤ 2  binaries, whose vacuum solutions are thoroughly studied

Credit: NASA, ESA, the Hubble Heritage 
(STScI/AURA)-ESA/Hubble Collaboration, and K. 

Noll (STScI)

Credit: eLISA/NGOCredit: NASA

Supermassive Black Holes













Hot Accretion FlowsHot Accretion Flows





















Circumbinary DiskCircumbinary Disk











Magnetic FieldsMagnetic Fields











Summary

● Hot Accretion Flows: hot, tenuous gaseous environment (e.g. Sgr A*)

● Pre-merger flare – Brightening wakes and region within orbits, T dependent

● Post-merger drop-off – Bright regions hidden behind new horizon, wakes disperse

● Inspiral Oscillations – Correlated with GW oscillations, ~ few % variability (challenging)

● Circumbinary Disks:

● Decreasing luminosity after decoupling from inner edge

● Shifting Spectra → Pre-merger accretion hierarchy switch

● Post-merger Brightening → Accretion disk falls into merged BH potential

● Observability → Confusable with intrinsic AGN variability, possibly buried by disk 
emissions

● Magnetic Possibilties

● Collimated outflows in polar region, regardless of initial gas distribution
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