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Abstract: | will give an account of our current understanding of the formation and growth of the central supermassive black holes in galaxie
an astrophysical perspective.
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Nearby galaxies QSOs

Accretion disc HI Quasar

T~ 100000 K

L~0.1Mc¢?
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The supermassive black hole at the galactic centre
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Piercing through the dust
in the galactic centre at
IR wavelengths.

irsa; 09120013 G el et al. Page 10/129
Perrmieter O Tecembyer W0






The black hole at the centre of our
galaxy

Perrmmeter O Decembyer JTIH0



The black hole at the centre of our
galaxy
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The black hole at the centre of our
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The black hole at the centre of our
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The black hole at the centre of our
galaxy
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The black hole at the centre of our
galaxy
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The black hole at the centre of our
galaxy
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Massive black holes?

Giant Ellipticals/SOs
Clusters

Yes but black hole

Yes mass scales with 137413' Maybe
bulge mass not
total mass
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SDSS survey
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SDSS survey

1 million galaxy

100 000 QSOs

http://www.sdss.org
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A very large, -4,. _-,

homogeneous
high-quality
data set.
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Co-evolution of galaxies

and black holes
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We know the DM power spectrum very well!
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Formation and evolution of supermassive binaries

1. Dynamical friction
tx a

2. Binary hardening
due to stars
or
accretion of gas

3. Gravitational radiation @

t x g4
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Formation and evolution of supermassive binaries

1. Dynamical friction
txa

2. Binary hardening
due to stars
or

accretion of gas

3. Gravitational radiation @

t c g4
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Formation and evolution of supermassive binaries

1. Dynamical friction
txa

2. Binary hardening
due to stars
or

accretion of gas

3. Gravitational radiation @

t o« g4

irsa; 09120013 Page 43/1246
Poamymator 00 Thamarm e TN










NGC2207
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NGC2207
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A binary quasar




Supermassive black
holes heat the gas in
galaxy clusters .

E— Sanders, Fabian et al. @



A Revolution in Numerical Relativity
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The merged black hole receives a recoil “kick™ due to
asymmetric gravitational wave emission.
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But how do supermassive black holes form

in the first place?
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Is this the Rosetta stone?

Black holes as massive as the most

massive black holes today have
already formed at z=6.4.

Estimated mass: 3 x 10° Msol

Fan et al.
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Eddington-limited accretion

adiation pressure due to Thomson scatteing on electrons equals
ravitational attraction if
GMm, - Ly O

re c 4x r’

R
The luminosity due to accretion can be written as

L =g Mc?

acc

The Eddington limit for (spherical) accretion is

! Gm
Mm = E_l B
€O,
The characteristic timescale for Eddington limited exponential
growth is
cO.
t.. = € I _ =45 ¢, 107
Salp A Gmp 0.1 yr
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Growth from stellar mass seeds requires

Eddington-limited accretion with duty cycle close to one
z and
efficient growth in shallow potential wells
and
(“fine tuning™ of space density of stellar mass black hole
seeds to avoid excessive ejection by black hole recoils

in hierarchically merging proto-galaxies)

or

super-Eddington accretion
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A): Primordial Black Holes

* Proposed by many authors as artifacts of
phase changesat, for example, quark-hadron

transition. No consensus.

* Fractional mass is small fraction of DM.

» At origin, some fraction of horizon mass.

» “Compensated” at birth but soon un-

compensated.
» Distribution Poisson like.
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The early growth- of supermassive black holes
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Volker Springel = Deborah Sijacki

| Resimulating the build-up

\ e of galaxies and black holes
A (including spin history and

kicks due to gravitational

wave re-coil) i the most
massive halo at z=6 with
higher resolution.




Dell cluster (2340 cores)
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It is now possible to include most of the relevant physics.
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We most probably need massive seed black holes.

How do massive seed black holes form?
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ACimhan
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