
The	  growth	  of	  structure	  

Ini1al	  condi1ons	  in	  the	  universe	  were	  very	  
smooth:	  homogeneous	  and	  isotropic.	  At	  

z=1000	  (observed	  using	  CMB)	  the	  universe	  
was	  smooth	  to	  beFer	  than	  one	  part	  in	  1000	  



Slide	  from	  Wayne	  Hu,	  hFp://background.uchicago.edu/~whu/intermediate/map2.html	  



Slide	  from	  Wayne	  Hu,	  hFp://background.uchicago.edu/~whu/intermediate/map3.html	  



Slide	  from	  Wayne	  Hu,	  hFp://background.uchicago.edu/~whu/intermediate/map4.html	  



Final	  cleaned	  CMB	  picture	  from	  WMAP	  7-‐year	  data	  (much	  beFer	  spa1al	  resolu1on	  
than	  COBE)	  Linear	  scale	  from	  -‐200	  to	  200	  microKelvin	  
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Fig. 11.4. Thegrowt.h of density perturbations over the range of scale-factors R = 
10-3 to 1 for world models with nA = 0 and density parameters no = 0.01 , 0.1, 
0.3 and 1. 
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Fig. 11.5. The growth of density perturbations over the range of scale-factors R = , 
1/30 to 1 for world models wjth 00 + !tA = 0 and density parameters !to = 0.1, ;: . 
0.3 and 1. " . 
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Fig. 11.1. Illustrating a spherical perturbation with slightly greater density than 
the average in a uniformly expanding Universe. The region with slightly greater 
density behaves dynamically exactly like a model Universe with density go + Dg. 
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Fig. 11.2. Illustrating the growth of a spherical perturbation in the expanding 
Universe as the divergence between two Friedman models with slightly different 
densities. 
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In summary: the dark matter will be in equilibrium when it has collapsed to half the radius at turnaround(when the halo separates from the Hubble flow)
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