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Black Hole Jargon

Formation at z<30-50 in galaxies

ÅStellar mass Black Hole (BH): roughly ~1-10 Msun

ÅIntermediate mass BH (IMBH): ~100-1000 Msun

ÅMassive BH (MBH): >1000 Msun

ÅSupermassiveBH (SMBH): > 106Msun

Formation at zҔ рллл ŦǊƻƳ ŎƻƭƭŀǇǎŜ ƻŦ άǊŀŘƛŀǘƛƻƴέ

ÅPrimordial BH (PBH): 10-5 g to 105 Msun



How and when BH form?

ÅSolid evidences of BH and SMBH existence 
ÅDebatable evidences of IMBH existence 
ïUltraluminousX ray sources (ULX) in nearby galaxies (eg, Miller & Colbert 

2004)
ï In GCs M15 and G1 (vanderMarelet al. 2002; Gerssenet al. 2002; 

Gebhardtet al. 2005, but see Baumgardtet al 2003)

ÅNo direct evidence of PBH existence. Upper 
limits.

ÅFormation of stellar BHsis more or less 
understood. We do not know how all other BHs
ŦƻǊƳŜŘ Χ



Evidence for SMBH at the center of 
our Galaxy



SMBHS form early! High-zQuasars

Fan 2006



How fast can a black hole grow? 
(by gas accretion)

1. Quasars shine by converting potential energy to radiative
energy when accreting gas: radiativeefficiency of ~10%

2. Quasar maximum accretion rate is limited by radiation 
pressure (Eddingtonlimit). The growth is exponential with 
maximum accretion e-folding timescale 40 million years.

3. The age of the universe at z~6 is ~800 million years: 
maximum growth is 500 million times (about 20 e-folding 
timescale)

4. Earliest quasarshave a mass of several billions solar masses: 
άǎŜŜŘέ ōƭŀŎƪ ƘƻƭŜǎmust be massive (> 10-100 Msun)

5. Feedbackeffects likely to prevent non-stop accretion at 
maximum rate
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Rees 1984

Start here!

Arrival



General remarks to grow SMBHs

Å Bondiaccretion rate proportional  to BH mass square: need massive  seeds

Å Golden rules for BH formation from gas cloud
1. Avoid gravitational fragmentation
2. Accrete gas with low angular momentum or dissipate angular 

momentum

High redshiftUniverse is ideal. Why?
1. Low metallicityand low cooling rate helps with fragmentation problem
2. Smaller amplitude of cosmological perturbations helps with angular 

momentum problem

However, there are  no direct observations to guide us



Brief history of the Universe
CMB (observed)

z~ 1000: Last Scattering Surface

Dark Ages 

z~ 7-30: first stars and quasars,
reionizationbegins

H Reionizatoncomplete

IMBHs
from Pop III?

Quasars 
(accreting 
SMBHs)

PBHs?

Direct collapse 
of MBHs?

Observed Universe

He Reionizatoncomplete

Not observed



Cosmological structure formation

ÅGaussian 
perturbations 
from inflation + 
CDM

ÅBottom-up galaxy 
formation

Phase transitions:
Non Gaussian perturbations?


