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Class 20 : Structure formation 

  This class 
  From a smooth to a structured Universe 
  Gravitational collapse of dark matter 
  Dark matter halos 
  Behavior of baryons in DM halos 

I : Formation of structure 

  Question : how does the Universe go from being 
homogeneous to being full of structure? 

  Basic idea : Something introduced very small 
disturbances into the Universe at very early time.  
Those small disturbances then grew due to the action of 
gravitational instability 

  Slightly more detail of the standard model: 
  Initial disturbance (“seed perturbations”) were quantum 

fluctuations introduced during inflation (t~10-35s) 
  The perturbations grow very slowly due to action of gravity until 

matter starts to dominate the energy density of the Universe 
(t~70,000ys)… they then start to grow faster 

  Perturbations are at level of 1 part in 105 at epoch of 
recombination… this produces observed anisotropies in CMB. 

  They continue to grow after that… eventually forming a 
filamentary structure of Dark Matter.  This is the “skeleton” for 
galaxy formation! 
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II : Dark Matter Halos 

  Today, for small enough scales, perturbations 
are not small.  On these scales, the dark 
matter collapses to form well defined bound 
objects (halos!) 

  Dark Matter in the halos is in virial 
equilibrium…  

  In order to settle down to this state, the Dark 
Matter has to dissipate excess energy.   

Galaxies 

Groups and clusters of galaxies 

Jenkins et al. (2001) 
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  Definition… let Δ(r) be average density within 
radius r of a dark matter halo in units where 
the overall cosmological density is unity. 

  It turns out that the “virial radius” rv of a DM 
halo corresponds to a pretty universal value of 
Δ , often assume Δv=200. 

  Suppose that a DM halo has a mass Mv with 
the virial radius. If σ is velocity of an average 
DM particle, Virial theorem gives 

  By definition we have 

  Combining with the virial theorem… 

  For illustrative purposes, evaluating at z=1… 
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III : Baryonic matter 

  The baryonic matter “falls” into the 
gravitational potential wells of the DM halos 

  Infall heats baryonic matter until it reaches 
the virial temperature.  Roughly, 

  The shocked gas 
cools via e/m 
radiation 

  Define the “Cooling 
time” as 
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  Put in expression for T & evaluate for Δ=200… 

  So, for all galaxy sized objects, we might 
expect the baryons to cool over a Hubble time.  
What happens then? 
  The cooled gas falls to the bottom of the 

gravitational potential well 
  Eventually, the cold gas turns into stars (through 

small scale gravitational collapse) 
  Bottom line… significant fraction of baryons should 

end up as stars! 

IV : The Galaxy Luminosity 
Function 

  Galaxy luminosity function Φ(L)… the 
number of galaxies per unit volume 
with luminosity in the range L→L+dL 

  Using arguments just given… 
  The galaxy luminosity (#stars) should be 

proportional to the DM halo mass 
  Hence the the galaxy luminosity function 

should follow the DM mass distribution 
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Benson et al. (2003) 

  Simple model fails to explain Φ(L) 
  Deficit of galaxies at low-L and high-L 
  Something is suppressing star formation 

selectively in low-mass and high-mass halos 



10 

M82 


