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Formation of Supermassive BHs







Jean’s mass
• Sound crossing time = gravitational free-fall time
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But this doesn’t work:
pulsational pair instabilty

Belczynski et al. 2016, arxiv:1607.13116























Other avenues for forming an 
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• Star cluster  Gravothermal instability  runaway 
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Other avenues for forming an 
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• Star cluster  Gravothermal instability  runaway 

collapse

1. Equilibrium structure

Introduce truncation 
outside of the tidal radius





Lynden-Bell & Wood (1968)

• Core collapse!

• On longer timescale isothermal structure is 
unstable

• instability forming a central core in 16 trlx



Lynden-Bell & Wood (1968)

• Core collapse!

• On longer timescale isothermal structure is 
unstable

• instability forming a central core in 16 trlx

• Heavier objects relax faster



Runaway collapse 
(Portegies Zwart & McMillan 2004)
Direct N-body simulation



Other avenues

• Runaway collisions in quasar accretion disks

(McKernan et al. 2013)

• Hypereddington Bondi accretion 
(Alexander & Natarayan 2014)



Supermassive black hole
mass function



Soltan’s argument (1982)
“estimating the mass of the ash”

• Predict the number of quiescent supermassive black holes in our 
local universe based on quasars

• Measure number of quasars vs. redshift and luminosity of quasars

 Integrated energy density of radiation = 8.5 x 1066 erg/Gpc3

If 10% of the accreted gas mass was converted to radiation

• Total BH mass accumulated in quasars = 5 x 104 Msun/Mpc3

• Mean BH mass per galaxy = 107 Msun

 all galaxies have a supermassive BH at their centers!

Prediction: quiescent supermassive black holes may be found in all 
nearby galaxies!



SMBH mass function
• Measure distribution of some galaxy parameter y

• Use observed correlation



SMBH mass function
• Measure distribution of some galaxy parameter y

• Use observed correlation for elliptical galaxies



Questions on SMBH evolution

• How does the SMBH mass function grow with redshift?
• observations show that massive SMBHs are created early (?!)
• SMBHs may grow by gas accretion during galaxy mergers

• If black holes merge, they may get kicked out due to 
gravitational wave emission
• Kick velocity 50—180 km/s if mass ratio > 1/3
• Are black holes kicked out from dwarf galaxies?

SMBH function uncertain at low masses (<10^6 Msun)

LISA will measure the growth of SMBHs with cosmic time



Black hole – Galaxy 
Correlations



M-sM-Lbulge



Supermassive black hole mass = 0.5% of bulge

M-Mbulge



Supermassive black hole mass correlates with the number of globular clusters in elliptical 
galaxies. Scatter (0.2dex) is smaller than for M-sigma (0.3dex).

M-Nglobular clusters



Physical origin of correlations



(King & Pounds 2015)
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Summary of SMBH galaxy connection
(King & Pounds 2015)

• Is the supermassive black hole significant
• Yes! 

Total energy in radiation >> total mechanical energy of the bulge

How does the supermassive black hole couple to the galaxy?

• Disk of gas around black hole

• Accretion due to viscosity (MRI, gravitational turbulence?)

• Viscous heating  bright source of radiation

• Radiation drives a wind  relativistic outflow

• wind collides with interstellar gas

• shock heating and Compton cooling  narrow region hot

• most of the gas is cold and pushed out by momentum transfer,

works until M-sigma is reached



Other explanations of M-s

• galaxy collisions
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Explanation of M-Mbulge

• Star formation feedback


