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Today I am going to talk about:

1. Modelling Star Formation (SF) and AGN in the
GALFORM semi-analytical model.

2. Predictions for SF vs. AGN.

3. Predictions for Radio Galaxies.
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Motivation for introducing feedback in galaxy formation

Stellar feedback |
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Insights from Semi-Analytics: The GALFORM model

Semi-analytics allow to quickly

probe different physical

prescriptions with a cosmologically

significant sample of galaxies.

COSMOLOGICAL MODEL
Q). Ay.Og. b, P(K)

Dark matter N-body

simulations:

Millennium simulation

(Springel et al. 2005)
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Main GALFORM results
described in:

Cole et al. (2000); Benson et al.
(2003); Baugh et al. (2005); Bower
et al. (2006); Bower et al. (2008);
Font et al. (2008); Benson &
Bower (2010, 2011); Fanidakis et
al. (2011,2012); Lacey et al.
(2008,2010,2011), Lagos et al.
(2011a, 2011b, 2012); Bower et al.
(2012); Gonzalez-Perez et al.
(2011,2013,2014), Cowley et al.
(2014), Mitchell et al. (2014)
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Star Formation (SF) in GALFORM

Lagos et al (2011a) Star Formation law implementation:
Blitz — Rosolowski (2006): 2SFR = VSF fmol 2igas 2 (H>) — Fex
$ YX(Hy) Py
SFR « H H,/H depends on ISM pressure
2 Elmegreen (1993)

““““““ Lagos et al (20112) ~—
GALFORM

SDSS DR7
Brinchmann et al
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Model reproduces LFs (optical, Ly-break, IR), stellar & gas mass functions: Lacey et al, in prep;
Lagos et al. (2011ab, 2012, 2014); Gonzalez-Perez et al. (2014)

stellar
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Black Hole (BH) growth in GALFORM

1. Galaxy mergers 2. Disk instabilities | 3. Hot-halo accretion
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See also: Bower et al. (2006), Malbon et al. (2007), Marulli et al (2008), Somerville et al (2008),
Hirschmann et al (2012)
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The accretion flow

hot halo Blandford — Znajek mechanism
for Jet formation:

AGN
L, o (H/RyM;,a’, with L'>*" ~10-100L",
w. A
’ Central engine
jet
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taminous disks under-luminous disks

ADAF 7D
Lise = €aparLais>r €apar =0.01-0.1 NF+(2011)
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Eddington ratios and growth efficiency
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LFs

" Good agreement

with 0<z<6 LFs in
optical, soft and
hard X-ray.

Model also
reproduces BH
(active & relic) mass
function, and

clustering properties

of AGN.

AGN Luminosity functions
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SFR vs Bolometric AGN luminosity
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Comparing to data
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= Strong tension at ~10%-10* erg/sec.
* Disagreement may indicate the need for AGN variability and/or

AGN-SF delay.
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Inverting the axes
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The abundance of Radio Galaxies

We couple the spin, mass
and accretion rate to the

Blandford — Znajek jet
mechanism.
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Molecular gas in Radio Galaxies

Radio Galaxies

Radio Galaxies appear to
have non-negligible
molecular gas reservoirs
Two regimes:

gas depletion & major
mergers regime.

~60% of luminous Radio
Galaxy hosts receive their

cold gas via mergers.
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SF in Radio Galaxies

Radio Galaxies

= Radio Galaxy hosts are not

dead!
= sSFR’s though are still

relatively low.
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Dust emission in Radio Galaxies

Radio Galaxies

= Dust emission 1s also
considerably high.
= Still below typical dust

emission of quasar hosts.
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The clustering of Radio Galaxies
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Conclusions

A galaxy formation model with AGN feedback predicts:

1.

Two regimes of BH growth — similar to stellar mass growth.
Bulk of AGN activity driven by secular processes.
Two modes of accretion define the AGN-SEFR plane (two slopes).

Predictions for the mean IR luminosity of AGN show strong tension at
moderate luminosities (need for variability?)

Radio Galaxies show strong signs of SF and IR emission.

Most of the luminous Radio Galaxy hosts recetve their cold gas via
mergers.
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