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What is Dark Matter? 
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Galaxy 
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1st Observation: 1930s 

Fritz Zwicky

Virial Theorem: kinetic energy ∝ potential energy  
implies 400x more mass than visible!

(Kitt Peak)
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Confirmation: 1980s Vera Rubin

Rotation velocity v(r) of  
spiral galaxies 

implies 100x more mass  
than visible!

(M. Kamionkowski, astro-ph/9809214)
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Gravitational Lensing 
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(NASA/Chandra/Magellan/Hubble)

Direct Astrophysical Observation: 2006 

“NASA Finds Direct Proof of Dark Matter” 
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WMAP

Cosmic Microwave Background 
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WMAP

Cosmic Microwave Background 

fluctuations in the cosmic microwave  
background probe the composition  

of the early universe  
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(Cosmology Aside…) 
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CMB Acoustic Spectrum

Baryons compress photon-baryon plasma at recombination,  
photons exert pressure, competition gives rise to pressure wave 
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Cosmological Parameters
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Big  
Bang 
Nucleo- 
synthesis 
(BBN)

D
. H

. Perkins, Particle A
strophysics (2004)
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BBN lines = 
predicted  
light element 
abundances 
vs. baryon  
density 

boxes =  
observed  
abundances 
(1, 2 sigma) 

vertical band =  
CMB measure 
of baryon 
density 
(PDG)

27



28



28



28



28



The Standard Model of Cosmology 

Dark Matter is ~25% of the universe.

E. Komatsu et al., Astrophys. J. 
Suppl 192 (2011) 18
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The Standard Model of Cosmology 

(NASA)

?
??

We only understand 4% of the universe! 

E. Komatsu et al., Astrophys. J. 
Suppl 192 (2011) 18
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What do we know about Dark Matter? 

~25% of the universe 

optically dark 

bound to our galaxy 

density ~ 0.3 GeV/cm3 

interactions: very weak, 
~collision-less 

~150
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Candidates 
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WIMP Number Density

D
. H

. Perkins, Particle A
strophysics (2004)
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WIMP Mass Range
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Model Space: Theorist’s View 
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