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Principles of modern Cosmology



The first observational basis of 
the modern cosmology

1929
Hubble’s  Law
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There is very interesting There is very interesting 
phenomenon:phenomenon:

the more we know about the Universe the more we know about the Universe 

than more and more than more and more 
it is getting it is getting darkdark



DarkDark EnergyEnergy

Dark MatterDark MatterDark MatterDark Matter

Dark AgesDark Ages







Dark  Energy
Astrophysical observations

Non-clustering matter with 
unique Equation of State

which leads to accelerating

Physical Nature
?

p
which leads to accelerating 
expansion of the Univesre  -Term of Einstein

Quintessence

Scalar Fields



Dark  Matter
Astrophysical observations

1. Rotation Curve of Galaxies
2.   Gravitational Lensing
3. Dynamics of Galaxy Clusters
4. Large Scale Structure 

Physical Nature
?

MOND
(Modified Newtonian Dynamics)

or

Relic Particles
beyond the Standard Model





The key experiment
which gives us 

the most precise cosmological 
information 

…



The Nobel Prize in PhysicsThe Nobel Prize in Physics
19781978

for their discovery of the for their discovery of the 
cosmic microwave background cosmic microwave background 

radiationradiation

20062006
for their discovery of the for their discovery of the 

blackbody form and anisotropy blackbody form and anisotropy 
of the cosmic microwave of the cosmic microwave 

background radiationbackground radiation

Arno A. Penzias     Robert WArno A. Penzias     Robert W. . WilsonWilson
1/1/44 of the prizeof the prize 1/1/44 of the prizeof the prize
USAUSA USAUSA

John C. MatherJohn C. Mather George F. SmootGeorge F. Smoot
1/2 of the prize1/2 of the prize 1/2 of the prize1/2 of the prize
USAUSA USAUSA
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COBE (the first results 1992) seckm  2368    

mK 017.0346.3
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The most precise 
experiments

DE   70%

DM  27%



What is Dark  Energy ?
What is Dark Matter ?

Great expectation are p
concerned with two launched 

mission
…



Precision 
Cosmology

2009

12.06.2009

Large  
Hadron 
Collider

Fundamental
Fields and Particles



Thank you 
for 

your attention
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