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Merging Visions: Exploring Compact-Object Binaries with Gravity and Light 6/27/19 KITP



• Supermassive Black Hole Binaries:   

         LISA/PTA sources 

• Stellar Mass Binaries in Gas  
         e.g. AGN disk, triples: 
  
         LIGO/Virgo sources 
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Markarian 231 
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Begelman, Blandford & Rees (1980)

Final parsec problem

Dynamical 
frictionGravitational wave

emission

t_gas = 1e8 yr

Loss cone 
depletion

No mergers? Need 
migration in gas?



Yu (2002)

Final parsec problem

Dynamical 
friction

Gravitational 
wave

emission
Loss cone 
depletiont_Hubble

t_Hubble

Triaxiality of stellar distribution can help

No mergers or 
need gas!



10-9 10-8 10-7

Frequency [Hz]

10-15

10-14

10-13

10-12
C

ha
ra

ct
er

is
tic

St
ra

in
[h

c(
f)

]

f 3/2

McWilliams et al. (2014)
Ravi et al. (2014)
Sesana et al. (2013)

nanograv collaboration - Arzoumanian++ (2015)

No GW detection by nanograv PTAs in 9 years of data
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Accretion Choked?
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2008

Previous Work
Armitage & Natarajan 2002

,Munoz, Miranda & Lai (2018)

Moody, Shi & Stone (2019)

,Tang, AM & Haiman (2017)

Bowen et al (2019)

….
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Circum-binary Accretion Disk

Cavity

    BH size is exaggerated

Old picture
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Binary in AGN Disk

    BH size is exaggerated
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T GW > T Viscous

Gas Driven Old picture
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T GW < T Viscous

GW Driven Old picture
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T merger

Old picture
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T merger + T visc

Old pictureEM transient years 
after merger
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T merger + T visc

EM transient years 
after merger

Mass loss

Kick
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Is this picture correct?
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TESS 
“Moving Mesh” 
Duffell & AM (2011)
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DISCO

Duffell & MacFadyen (2012)



Tang, AM & Haiman (2017)
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This Talk
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This Talk
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This Talk

Gas Streams
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“Mini-Disks”
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“Lump”
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X-Ray Bright!
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Farris+ (2013)

Binaries are Driven to Equal Mass
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Farris+ (2013)

1

1/5      1
Observed Frequency may be LOWER than binary frequency!

q=0.053                  q=0.11                     q=0.25

q=0.43                  q=0.67                     q=1.0

Accretion rate vs. time
Green=secondary Blue=primary Red=Periodogram
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Graham+ (Nature, 2015)

PG 1302-102
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D’Orazio+ (2015)

Migration by gas and GW for PG 1302-102



Tang, AM & Haiman (2017)

Inspiral due to GW emission: No Decoupling!

Tang, Haiman, AM (2018), Noble+ (2012)
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No Decoupling
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Farris+ (2015)



Tang, Haiman & AM (2018)

Photons until Merger!



Tang, Haiman & AM  (2018)
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CBD Minidisks

Shocks



Tang, Haiman & AM  (2018)



Tang+ (2017)

Fast sink

Slow sink

positive torque
on binary

negative torque
on binary

t = +0.3 Mdot

t = -0.68 Mdot



Tang, AM & Haiman (2017)

Angular Momentum Fluxes

viscosity
gravity

advection
viscosity+advection

Fast sink

Slow sink

j flux

j flux

r/a



Tang, AM & Haiman (2017)

Positive Torque for Fast Sink



Ryan & AM (2017)



Ryan & AM (2017)

Accretion due entirely to Spiral Shock (no MRI)
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DISPERSION RELATION

ϴS

Binney & Tremaine:
Tightly wound spiral 

density waves

tan ✓S / cs
r⌦

= M�1



Pitch Angle in GR
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EMISSION



Conclusions

• Binary black holes can accrete & until merger ->EM+GW


• Multi-period light curves  ~5:1


• Gas torques can be positive 


• Mini-disks accrete by spiral shocks (no MRI required)


