
   Introduction to       
      Cosmology 

Marek Demianski 
University of Warsaw 































Vera Rubin 











Milky Way 





Mass of the Milky Way is much larger  
than the mass of stars and gas    

The additional and dominating mass 
   component is called Dark Matter  



Simple model of a dark matter halo: 
 
Isothermal sphere with ρ(r) ≈ 1/ 𝑟2 
 
Maxwell distribution of velocities 
 

Truncated at 𝑟∗  such that  v(𝑟∗ ) =  𝑣𝑒𝑠𝑐𝑎𝑝𝑒 

Navarro-Frenk-White halo: 
 
 











Bullet Cluster 



Dark Matter in clusters of galaxies: 

Velocity dispersion 

Gravitational lensing 

X-ray observations 

Bullet cluster 



Mass to light ratio : 

Galaxies: 5 - 20 

Clusters of galaxies: 50 - 500  



Dark Matter what could it be: 

WIMPs – Weakly Interacting Massive Particles 

Sterile neutrinos 

Axions 

Supersymmetric particles 

Primordial black holes 

….. 





Massive neutrinos 















DAMA/LIBRA experiment 





Luminosity distance 

𝑑𝐿= (L/4πl)^(1/2) , 

L is the absolute luminosity 

l is the apparent luminosity 

𝑑𝐿= 
1

𝐻0 
 ( z + 

1

2
(1 - 𝑞0)𝑧2 + ∙∙∙ ) 

𝐻0  − Hubble constant 
𝑞0 - deceleration parameter 





Standard candles 

Cepheid stars 

Globular clusters 

RR Lyre stars 

Supernovae type Ia 

Gamma Ray Burst  

Quasars 





















Power Spectrum from Planck 











Dark Energy what could it be: 

Cosmological constant 

Vacuum energy 

Quintessence – scalar field 

Modified gravity 






