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Moore's Law for Cosmological
N-body Simulations

● Computers double their        
  speed every 18 months

● A naive N-body force           
  calculation needs N2 op's

● Simulations double their       
  size every 16.5 months

● Progress has been roughly    
  equally due to hardware        
  and to improved algorithms 

Springel et al 2005

           Millennium Run



  



  



  

Simulating galaxies /AGN with the Millennium Run

Springel et al 2005; Croton et al 2006, De Lucia et al 2006, De Lucia & Blaizot 2006

● Build and store merger trees which encode the detailed assembly         
   history of every z=0  halo and of the substructure within it

● Implement models for the formation/evolution of galaxies to follow    
       -- accretion, shock-heating and cooling of diffuse gas into disks               
        -- star formation from the ISM in disks                                                       
        -- stellar evolution                                                                                       
        -- SN feedback and stellar winds                                                                 
        -- chemical enrichment/dust formation                                                       
        -- galaxy merging/morphological transformation 

● Implement models for the growth of central black holes to follow        
        -- formation and growth from ISM gas during mergers                              
        -- black hole mergers following galaxy mergers

● Include “radio mode” feedback from BH at cooling flow centres          
        -- energy feedback from BH in the central dominant galaxy depends on  
           BH mass, gas temperature and gas mass fraction    ∝   f

gas
  m

BH
 T1.5

[After Springel et al (2001)             
            and De Lucia et al (2004)]

  [After  Kauffmann            
     & Haehnelt (2000)]



  

z = 0   Dark Matter

file:///home/swhite/presentations/movies/volker/play_mill_sim_fast.sh


  

z = 0 Galaxy Light



  Springel, Frenk &
White 2006



  

Evolution of mass and galaxy correlations

Springel, Frenk & White 2006

M
I
 – 5 log h < -20



  

Large-scale
structure at
high redshift

Large-scale structure in
the galaxy distribution 
evolves very little with
redshift

It is as strong at z=8.5 
as at z=0

Springel, Frenk & White 2006



  

The effects of “radio
mode” feedback on

z=0 galaxies
Croton et al   2006

● In the absence of a “cure” for the    
   cooling flow problem, the most      
   massive galaxies are:                       
           too bright                                 
           too blue                                    
           disk-dominated

● With cooling flows suppressed by   
   “radio AGN” these galaxies are      
           less massive                             
           red                                            
           elliptical
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Kitzbichler & White 2006



  

Deep Galaxy Counts

Kitzbichler & White 2006



  

Deep Galaxy Redshift Distributions

Kitzbichler & White 2006



  

Kitzbichler & White 2006

Deep galaxy luminosity functions



  

Kitzbichler & White 2006

Deep galaxy 
mass functions

Observational estimates:

Cole et al (2001)  z = 0
Drory et al (2005)  z = 0.5 to 4.5
Fontana et al (2006)  z = 0.5 to 3.5



  

z = 0 z = 1

z = 3z = 2

Colour-magnitude relation evolution
Kitzbichler & White 2006



  

● This particular galaxy formation model is close to most             
   high-z data on abundances and clustering

● It seems to predict slightly too many massive galaxies at           
  redshifts between 1 and 3

● Dust modelling is critical to many comparisons

● For M
*
 < 5 . 1010 M

⊙
 most stars added by in situ star formation   

   For M
*
 > 1011 M

⊙
 most stars added by mergers                            

 This is a consequence of the adopted model for radio feedback

● Full data on the formation histories of the galaxies and dark      
  halos in this model are available from:                                         
             http://www.mpa-garching.mpg.de/Millennium 



  
http://www.mpa-garching.mpg.de/Millennium


