






WHEN do you make a (super) 

massive black hole?
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Gas-dynamical processes


ANGULAR MOMENTUM TRANSPORT

Collapsing gas clouds become rotationally supported at 106-8 
Schwarzschild radii. 


STAR FORMATION

✔ competition in gas consumption 


✔ collisionless stars do not dissipate angular momentum efficiently


✔ SNe can blow away the gas reservoir


NO H2/ZERO METALLICITY/TURBULENCE HELP AVOID 
FRAGMENTATION






Bellovary et al. 2010


Seeds are allowed 
to form if:

• zero metallicity 

• n> 1 cm-3


Truncation of seed 
BH formation at a 
redshift ~3.5 due 
to metal 
enrichment








✔  gas inflow increases central density, and within an inner, compact, 
region  where n > ncrit,Z, stars can form ⇒ VERY DENSE CLUSTER


✔ mass segregation: massive stars sink to the center


✔ stellar collisions form a very massive star if tmerge << tMS : to avoid 
mass loss in SNae


✔ at large metallicity stellar winds cause mass-loss. The 
supermassive star collapses into a low-mass BH


 ✔ at low metallicity mass loss is negligible: MBH seed! 




✔  metallicity increases with cosmic time


✔ critical density for SF decreases


✔ as time goes on clusters form more massive and less 
concentrated!


✔ mass segregation and core collapse are slower


✔ stellar collisions unable to build up a very massive star before 
SNae explode






Mass function of seed MBHs

 (MV, Lodato & Natarajan 2008; 

Devecchi & MV 2009) 

Proto-cluster
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Gas-dynamical 
collapse




SMBHS are grown from seed 

pregalactic BHs.  These seeds 

are incorporated in larger 

and larger halos, accreting gas 

and dynamically interacting  

after mergers. 
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local galaxy
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1. Ungrown 
seeds, 

accreted 
during the 
galaxy’s 

hierarchical 
evolution






*  IF BH HOST COMPLETELY STRIPPED

•  accretion when passage within the region of the disk


•  


•   fraction of time that a galaxy will harbor a ULX due to a 
wandering black hole: 0.2% --10-2%


⇒ between one in  500 and one in 15,000 MW-like galaxies will 
exhibit one such object


*  IF BH HOST RETAINED ITS CORE

•  BHs would not be active unless gas perturbed in some way (e.g., 
passage near center if on eccentric orbit) 





Gravitational rocket

binary center of mass recoil during coalescence due to 
asymmetric emission of gravitational waves  


2. massive 
black holes 

ejected from 
galaxies at 
merger
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MV, Gultekin & 
Dotti 2010 
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