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A Universe Full of Galaxies and 

Clusters of Galaxies 

 

Å 1011 galaxies! 

Å Density of galaxies: 
~0.001/Mpc3 

Å Typical mass 1012 solar 
mass (2 x 1045 g) 

Å Range:  106 to 1013 solar 
masses 



Galaxies as far as the eye can see! 
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Star formation 
peaked 13 billion years ago, almost done  



The Dark Side of the Universe 

Stuff of the Universe 
 

Stars:  0.5% 

Hot Atoms:  4.0% 

Dark Matter:  24% 
(Neutrinos:  few 0.1%) 

Dark Energy:  71% 



THE HIGGS!?# 
Dark Matter, Dark 

Energy and 

Inflation not in  

Standard Model 
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Todayôs Cosmology 

 

D
A

R
K

 M
A

T
T

E
R

 

D
A

R
K

 E
N

E
R

G
Y

 

IN
F

L
A

T
IO

N
 

Rests upon three mysterious pillars 
All implicate new physics! 
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Some key facts about the 

Universe 
ÅExpanding (Hubble, 1929) 

ÅAccelerating (Riess, Perlmutter and Schmidt) 

ÅIsotropic and homogeneous (large scales today ï
> 100 Mpc ï and at early times):  distribution of 
galaxies today and CMB 

ÅHot big bang ï quark soup beginning 

ÅGravity driven structure formation 

ÅMuch more than meets the eye 

ÅPrecision parameters and cross checks 

 

 

 

 



H0 = 72 ± 1 ± 4 km/s/Mpc 



Expansion is 

accelerating 

due to dark 

energy 

(something 

like quantum 

vacuum 

energy / 

cosmological 

constant 



1980: Fall of ñThe Hadron Wallò 
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Isotropy (same in all directions): 

Galaxy Distribution on Sky 
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1992: COBE 

Maps & 

Blackbody 

Spectrum 
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The Universe circa 380,000 yrs 
WMAP 

±0.001% Fluctuations 



QUAD 

BOOMERanG 

DASI 

CMB Experiments 

Maxima  

CBI 

VSA 
ACBAR ACBAR 

CBI 
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Curve = concordance cosmology 



Michael S Turner 

Curve = concordance cosmology 
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CMB anisotropy 

is a non-trivial 

map of density 

inhomogeneity to 

temperature 

fluctuations: 

Mapping 

depends upon 

cosmological 

parameters 

(good news!) 

ÝMh2 



Todayôs ñConsensus Cosmologyò 
based upon precision measurements 

Å From quark soup to nuclei and atoms to 
 galaxies and large-scale structure 

Å Flat, accelerating Universe 

Å Atoms, exotic dark matter & dark energy 

Å Consistent with inflation 

Å Precision cosmological parameters 
ïÝ0 = 1.005 ± 0.006 (uncurved) 

ïÝM = 0.273 ± 0.014 

ïÝB = 0.046 ± 0.0016 

ïÝDE = 0.73 ± 0.015 

ïH0 = 70.4 ± 1.3 km/s/Mpc 

ït0  = 13.75 ± 0.11 Gyr 

ïNɜ = 3.86 ± 0.42   

Consistent with all 

data, laboratory 

and cosmological! 
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Tracing the history from a slightly lumpy  

Universe to galaxies ablaze 


