
Hubble Space Telescope  image 
of   supernova 1994D in galaxy      

NGC 4526  (z=0.0015) 

IDPASC School, Santiago de Compostela, 21 Jan.-2 Feb., 2013  
 

 Theoretical cosmology 
Antonio López Maroto,  

Complutense University, Madrid 



Outline of the Course 

1.- Cosmological observations and FLRW models 

2.- Thermodynamics in an expanding universe: decoupling and 
dark matter 

3.- Inflation 

4.- Cosmological perturbations and CMB anisotropies 



Observational basis of Cosmology 

Galaxy 

1011 stars 

Mgal= 1042 kg 

Lgal= 10 kpc 
 

Cosmology studies the origin, evolution and structure  
of the universe on large scales (larger than the galaxy scale) 

1 pc = 3.26 light years= 3.09 x 1016 m 

10 kpc 

On these scales gravitation is the only relevant interaction 



Observational basis of Cosmology 

1.- Matter distribution and matter density in the 
universe: dark matter 

2.- Universe expansion and acceleration: dark energy 

3.- Light elements abundances 

4.- Cosmic microwave background and anisotropies 



1.- Matter distribution on large scales: 
the universe within 1.5 Mpc: Local Group 



The universe within 30 Mpc: Virgo supercluster 



Superclusters, filaments, walls and voids within 150 Mpc 



The universe within 4300 Mpc: large scale homogeneity  



The Universe within 600 Mpc 



The Universe within 600 
Mpc      

(Sloan Digital Sky Survey) 



Matter density fluctuations: 
Statistical homogeneity   R >> 100 Mpc (Cosmological Principle) 



           VISIBLE                                        X RAY 

                               Virial mass:   M/L= 200 

Virgo/ROSAT 

M87 

Matter density of the universe:  
luminous vs. dark matter 



2.- The expansion of the universe 

Vesto M. Slipher 
(1875-1969, USA), 

Lowell Observatory  

Discovers in 1915 
 the recession of  galaxies   

z = redshift 



Hubble constant 

Distance-redshift relation: Lemaître-Hubble (1927-29) 

Hubble Law  
V=H0 d 

Cepheids as standard candels  
(distances up to 3 Mpc (z=0.001),  or 20 Mpc with HST  (z = 0.005)) 

Age of the universe 



Accelerated expansion of the universe (1998) 

Hubble 
z < 0.003 

Dark energy 



                                  D, 3He, 4He, 7Li   

                           tBBN = 1s - 3 min,  TBBN= 1 - 0.1 MeV                                                   

                                                 Baryon asymmetry 

       

                                               Baryon density 

 
                                   

    

                                              

3.- Light elements abundances 

Non-baryonic dark 
matter problem 

Baryonic dark matter  
problem 



Penzias and Wilson 

1965 

COBE-FIRAS 

CMB monopole 

4.- Cosmic microwave background 



1969 

E.K. Conklin 

P.S. Henry 

CMB dipole 



1992 COBE DMR 

Fluctuations in the cosmic microwave background 



2003 

WMAP 



2009  

(first data release in1-2 months) 

PLANCK 



WMAP temperature power spectrum 

TT 



Heavy elements 
 0.03 % 

Neutrinos 
 <1.5 % 

Stars 
 0.6 % 

H and He 
4 % 

Dark energy 
 73 % 

Dark matter 
 23 % 

Standard Cosmology  LCDM 



Expansion of the universe in LCDM 




