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SUPERMASSIVE BH BINARIES

The restless nature of AGN:10 years later

+THEIR GW BACKGROUND



A NEW WINDOW ONTO THE GW UNIVERSE

▸Press event 
today at 7pm!!! 

▸Evidence for GW 
background. 

▸Found by all 
major PTAs.



GW SPECTRUM

NANOGrav 15yr

frequency [Hz]
Credit: Moore, Cole, Berry (2014) [modified]
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GALAXY MERGERS

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



STRONG SOURCES OF GRAVITATIONAL WAVES



MILLISECOND PULSARS

Credit: Bill Saxton

Credit: Joeri van Leeuwen 



PULSAR TIMING ARRAYS

Credit: John Rowe



PULSAR TIMING ARRAYS

Credit: John Rowe

Credit:  
S. Chatterjee



▸ Signal detected in many pulsars. 

▸ Signal is spatially correlated with a characteristic 
quadrupolar pattern (Hellings-Downs curve).
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▸ Signal detected in many pulsars. 

▸ Signal is spatially correlated with a characteristic 
quadrupolar pattern (Hellings-Downs curve).
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▸ Signal detected in many pulsars. 

▸ Signal is spatially correlated with a characteristic 
quadrupolar pattern (Hellings-Downs curve).
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▸ Signal detected in many pulsars. 

▸ Signal is spatially correlated with a characteristic 
quadrupolar pattern (Hellings-Downs curve).
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▸ Characteristic correlation pattern found with 
significance 3.5-4sigma. 

▸ Consistent with SMBH binaries.

PTAS FIRST-LIGHT
NANOGrav 15-year dataset



INDIVIDUALLY RESOLVED BINARIES



MULTI-MESSENGER OBSERVATIONS

▸GWs probe dynamics. 
▸EM obs. probe interaction with gas. 
▸Multi-messenger obs. provide the most 

complete picture.



QUASARS WITH PERIODIC VARIABILITY

Credit: NASA GSFC/S. Noble



QUASARS WITH PERIODIC VARIABILITY

Credit: NASA GSFC/S. Noble
▸Slow evolution 

▸Binaries should 
be common.

▸Bright emission 

▸Periodic variability



SYSTEMATIC SEARCHES

▸ PTF: 33 of 35,000 Charisi+2016

~250 Candidate Supermassive Black Holes.

Graham+2015▸ CRTS: 111 of 245,000

▸ PanSTARRS: 1 of 9,000
Liu+2019

▸ DES: 5 of 625
Chen+2020

▸ ZTF: 117 of 144000
Chen+2022



ADDITIONAL SIGNATURES

▸Several candidates show multiple signatures. 

▸Challenging to distinguish them from quasar variability.

See review: D’Orazio, Charisi+2023



MULTI-MESSENGER OBSERVATIONS

Charisi+2022

‣ PTAs and EM surveys 
probe the same 
binaries



MULTI-MESSENGER OBSERVATIONS

‣ Pipeline to jointly analyze EM+GW data.
Charisi+in prep



MORE MULTI-MESSENGER SIGNATURES

Kelley, Charisi+2019



SUMMARY
▸ PTAs have found the first evidence of the GW 

background. 

▸ PTAs soon will detect GWs from individually resolved 
binaries. 

▸ SMBH Binaries produce bright EM emission and are 
promising sources of multi-messenger observations. 

▸ ~250 candidates identified as quasars with periodic 
variability.  

▸ Confirming the binary nature of quasar candidates is 
challenging.



‣ PTAs and EM surveys probe the same binaries

CONNECTIONS WITH ORBITAL DYNAMICS

Charisi+2022

Model Period Phase Amplitude

Circular (q>0.4) 
Periodic Accretion

Circular (q<0.4) 
Periodic Accretion

Circular  
Doppler Boost



CONSTRAINTS ON LOCAL GALAXIES
‣ ~200 galaxies 

within NANOGrav 
volume.
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▸ Constraints on mass 

ratio comparable to 
Milky Way.
Arzoumanian+2021 

(*led by Charisi)



DOPPLER BOOST-PG1302

‣ PG1302 is consistent with Doppler boost. 
‣ Quasars have wavelength-dependent variability.

Charisi (Science PI): Swift C13-C14 

Xin, Charisi+2020a

Chengcheng Xin 
(undergraduate 
at Columbia)

Charisi+2018 



RELATIVISTIC DOPPLER BOOST
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▸Robust multi-
wavelength prediction.

Duffell+2020



Time to Detection
• If NANOGrav 

detected the first 
hints of the GW 
background, 
correlations should 
be detectable in the 
15yr dataset.


• Data already 
collected & analysis 
is ongoing.

Pol+2021
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• 


• GW amplitude depends on:


• Galaxy merger rate


• Efficiency of binary 
formation


• BH mass function

hc = AGWB ( fGW
yr−1 )

−2/3

Astrophysics with the GW background

Arzoumanian+2018
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Burke-Spolaor incl. Charisi+2019

C
ha

ra
ct

er
ist

ic
 S

tra
in

, h
c

GW Frequency [nHz]

10 100

10–14

10–15

10–13

• GW spectrum depends 
on:


• Interactions with 
environment (e.g., 
stars or gas)


• Eccentricity10 1001

Circumbinary 
Disk

Munoz+2019

Stellar 
Scatterings

Eccentricity

Astrophysics with the GW background


