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Problems of the standard Big Bang cosmological model: 
 
1. Why the universe is homogeneous and isotropic ? 

 
2. Why the universe is almost flat? 

 
3. Why the temperature of the CMB is so uniform all 

over the sky? 
 

4. Why the universe is dominated by matter rather 
then by antimatter? 



Proposed solutions: 
 
Very special initial conditions 
 
Alternative theories of gravity  
 
Very rapid expansion at very early epoch –  
 
Inflationary model 



Planck energy 𝐸𝑃 = 𝑚𝑃 𝑐
2 = 1.95⋅109 J = 1.21 1019 GeV 











GUT – Grand Unified Theory 
TOE – Theory of Everything 











Very early epoch of evolution of the Universe: 
 
103 GeV – electroweak symmetry broken 
 
100 GeV – baryogenesis – quark – antiquark annihilation 
 
200 MeV – quark-gluon plasma recombination, formations of protons and neutrons 
 
1 MeV – neutrinos decouple 
 
0.5 MeV – electron positron annihilation  
 
0.07 MeV – primordial nucleosynthesis 
 
1 eV – energy-density of matter = energy-density of radiation 
 
0.3 eV – recombination of plasma,  formation on neutral atoms 





Potential of the Higgs field 



a – scale factor 

Possible simple model of inflation 

= 0, = const 

= const 



Rolling Models of Inflation 

 Equation of motion: 
 

 Flat region: 
 V almost constant 

 rvac dominates 
energy density 

 

 

 Decay of f: 
 Particle production 

 Reheating 
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Linde (1982) 

Albrecht & Steinhardt (1982) 
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During the slow-roll inflation the scale factor is increasing exponentially: 

                               ρ𝑚~ 𝑎−3 ;     T ~ 𝑎−1 

So after the epoch of slow-roll inflation tempertaure of the Universe is 
almost zero  and density of matter is almost zero.  

During rapid oscillations around the true vacuum the universe becomes  
reheated and populated with particles. This epoch is usually identified with  
the Big Bang. 





The scalar field driving inflation is quantum in nature. 















Cosmic inflation is a quantum process. 

Creation of primordial density  
perturbations of random nature. 

Smoothing out early irregularities. 
The Universe after inflation becomes flat and  
homogeneous and isotropic 



Predictions of the inflationary model: 

• The universe is flat 

• Density perturbations have flat spectrum 

• Primordial gravitational waves 
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Initial conditions 

Random quantum generated density perturbations filtered by interaction with  
radiation. Small scale perturbations dumped. The density perturbations start to 
grow after recombination (matter-radiation decoupling). 



https://svs.gsfc.nasa.gov/vis/a010000/a013700/a013768/13768_BAO_Narr_1080_Best.mp4 

https://svs.gsfc.nasa.gov/vis/a010000/a013700/a013768/13768_BAO_Narr_1080_Best.mp4




N body simulations 





























https://wwwmpa.millenium simulation.mpg.de/galform/virgo/millennium/ 

Mass resolution ~ 9∙108 𝑀ʘ 

https://wwwmpa.mpa-garching.mpg.de/galform/virgo/millennium/
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illustris   https://www.illustris-project.org/media/ 

https://www.illustris-project.org/movies/illustris_movie_rot_sub_frame.mp4 

illustris-simulation 

https://www.illustris-project.org/
https://www.illustris-project.org/movies/illustris_movie_rot_sub_frame.mp4
https://www.illustris-project.org/movies/illustris_movie_full_cube.mp4
https://www.illustris-project.org/movies/illustris_movie_full_cube.mp4
https://www.illustris-project.org/movies/illustris_movie_full_cube.mp4










Flamingo simulation 

flamingo simulation  

https://flamingo.strw.leidenuniv.nl/map_slider.html 

https://flamingo.strw.leidenuniv.nl/map_slider.html



