Astrophysical aspects of SMBH
evolution 1n the LCDM Universe
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SMBH mass assembly in the Millennium

SMBHs grow via gas accretion
and BH-BH mergers.

Accretion of gas (disk
instabilities, galaxy mergers &
quasi-hydrostatic cooling) is the
main growth channel.

At low redshifts, the BH mass is

redistributed via binary mergers.

Assembly tree from Malbon et al. 2007
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Modelling active nuclei

The jet power is proportional
to the square of BH spin:

Disk geometry depends on

the accretion rate! L,, o (H/R)’B:M,,ma’
Blandford & Znajek 1977
.4 Mhundisk H<<R i =M/M,, >0.01—Thin disk
- - Disk =L, ,,, = &My, m ¢’
Jet =L, p =7.9x10" My, m'a’
ADAF H~R m=M/M,, <0.01—Thick disk
- - DlSk g Lbol,ADAF x ]‘4BH’/}.IL2

38 )
Jet =L, spar =2 %107 My, ma

L,,1s limitedto L, , = L,,,(1+1nm) for super - Eddington flows

Fanidakis et al. (2010)



BH mass, accretion rates and efficiencies
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Cosmic evolution of quasars: b-band LFs
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The quasar LF evolves
strongly with redshift.
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Cosmic evolution of quasars: L, ; LFs
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The model provides a
good fit to the

observations up to z=0.
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Spatial distribution and clustering of AGN
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The location of rapidly rotating SMBHs
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QQuasar clustering
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Halo mass vs. M, luminosity

M, >-24

Strong correlation of M,
with M.

M, <-24

Flat M, ,,-M,, trend (AGN

feedback) -> Bright quasars live in
~10'?M, haloes, independent of
their luminosity.
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Summary

We have used the semi-analytical model GALFORM to study the cosmological evolution
of SMBHs in a LCDM universe.

We find that:
SMBH spins at z=0 have a bimodal distribution: low (high) mass SMBHs — low
(high) spins.
The accretion etficiency 1s kept low (=0.062) over cosmic history.
The density of quasars evolves strongly with redshift -> quasar activity was more
intense at high redshifts (more gas available).
Radio galaxies are more clustered than quasars at z=0.
The dependence of clustering on quasar luminosity becomes significant for z>1.5.

The model predicts a strong correlation of halo mass and quasar luminosity. That
correlation flattens at low redshifts for quasars brighter than m,<-24 (AGN
feedback).

A typical halo mass for a m,<-24 quasar is ~5x10""Mg,

Future work: comparison with observations, cross-correlations with LRGs, z=6 quasar
properties, morphological properties of radio galaxies, etc...



