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fb of  baryons
R200

Millennium 
Volume = 500 h-1Mpc3 
MillenniumII 
Volume = 100 h-1Mpc3 

Springel et al. 2005 
Boylan-Kolchin et al. 2009



Cosmology

Particle mass, Box size and redshift 
are scaled to the recently published 
PLANCK cosmology following 
Angulo & White 2010 

As shown in Wang et al. 2008 and  
Guo et al. 2013, it doesn’t matter 
yet for galaxy formation. 



R200

Dark matter halo mass



dark matter

difuse gas phase

Mb=fb x M200c

De lucia et al. 2004, Guo et al. 2011
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Gas Cooling – White & Frenk 91
Either rapid (high-z, low-M) or through a quasi-static atmosphere (low-z, high-M)

Nelson et al. (2013) 

rcool>R200c rcool<R200c

Van de Voort et al. (2011) 

Mass of  Hot Gas that cools into the disk 



Disk Formation

Vogelsberger et al. (2014) 

Vogelsberger et al. (2014) 

assuming a flat rotational curve

Kauffmann et al. 1999, Guo et al. 2011

Cooling brings angular momentum from halo
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7/18/15

Star Formation

Quiescent star formation ~ 3% of  gas converted into stars in tdyn,disk

Kennicutt 1998

Mihos & Hernquist 1996

Violent star formation during mergers

Kauffmann et al. 1999, Fu et al. 2011, 2013, Henriques et al. 2014



Gas Properties

 Fu et al. (2013) to be incorporated

 HI mass function  Gas fractions



Metal Enrichment

Mmetals=yM*

Yates et al. 2013
Detailed chemical enrichment model:  

the mass of  each element produced in stars of  
different masses (i.e. ages) and initial 

metallicities is computed.

By default, the model assumes  
instantaneous recycling
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Energy used for reheating 
(mass loading)

SN energy available

Supernova Feedback

HST + Spitzer + Chandra

Energy used for ejection

De Lucia et al. 2004, Guo et al. 2011



SN feedback

similar reheating and ejection between models
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Excessive number of  low mass galaxies forming at high-z

SDSS - DR7
Model

Guo2010/2013 model



Gas Reincorporation
longer reincorporation time-scales for gas ejected by SN in low mass galaxies

Henriques et al. 2013 
in agreement with  

Oppenheimer & Dave 
2008   

lower number density at early times, stronger build up at later times

hydro should correctly 
follow the gas flows
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Black Hole Growth During Mergers – Quasar (fBH)

BH growth during galaxy mergers both by merging 
with each other and by accretion of  cold disk gas

Black Hole Growth

Kauffmann & Haehnelt 2000



Quiescent Black Hole Accretion Rate – Radio (kAGN)

Hot gas accreted by the BH, once a static hot 
halo has formed around the host galaxy

Black Hole Feedback

HST+Chandra
Henriques et al 2015

Croton et al. 2006



Environmental Effects

Environmental effects on 
satellite galaxies
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SF threshold and ram-pressure stripping

low mass 
galaxies are 

blue 

1012Msun

108Msun

only include ram-pressure only in clusters (Mvir>1014)

massive 
galaxies are 

red 

despite the later build up a population of  low 
mass red satellites remained at z=0 

lower the cold gas surface density threshold for SF

Henriques et al. 2013 



Stellar Mass Function by Colour

As shown in Wang  et al 2008 and  
Guo et al 2013, it doesn’t matter yet  

for galaxy formation. 



Stellar Mass Function by Colour

most massive galaxies are red
most low mass galaxies are blue

centrals dominate everywhere 

red high mass centrals (AGN), 
blue low mass centrals

low mass red galaxies are satellites

red blue



Mergers
burst of  star formation

formation of  a bulge

morphologies bulge sizes



Model of  Galaxy Formation 
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Henriques et al. 2011, 2012

Emission Properties
Metallicity + Age +IMF

Luminosity of  a stellar 
population

SSP models

Chabrier IMF + BC03 or M05 or CB07



Optical depth of  ISM dust

Optical depth of  dust in molecular clouds

Extinction law:

De Lucia & Blaizot 2007

Dust Model



MCMC
Only SMF as a constraint SMF + colour + BHBM

no degeneracies!!

Simply fully sampling the 
parameter space, better agreement 

with observations can be found



MCMC





Star Formation Rates

decrease in the normalisation of  the 
main sequence due to a reduction in 

cosmic accretion 

overall SFRD reduced due to a 
population of  quenched objectes at 

z<2



Clustering as a function of  colour






