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. | Principles of modern Cosmology




The first observational basis of

the modern cosmology

1929
Hubble's Law




1929: Edwin Hubble

S v=Hxr

Hubble’s Discovery Paper— 1929
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1929  recision Cosmology
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#| There is very interesting
phenomenon:

the more we know about the Universe

than more and more
it is getting dark




Dark Energy

Dark Matter

Dark Ages




Cosmic Background

Explorer :E:;:Ehﬁ"

Hubble Space
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Ground-Based
Observatories




Radiation:
0.005%

Chemical Elements:
(other than H & He) 0.025%

0.17%

Cold Dark Matter:
(CDM) 25%

Dark Energy (A):
70%

+ inflationary perturbations
+ baryo/lepto genesis



Dark Energy

Astrophysical observations PhySiCCll Nature

Non-clustering matter with 2
unique Equation of State ’

p=—¢

which leads to accelerating

expansion of the Univesre A-Ter'm Of Eins'fein

Quintessence
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Dark Matter

®| Astrophysical observations PhYSiCGI NC(Tur'e
| 7

Rotation Curve of Galaxies
Gravitational Lensing
Dynamics of Galaxy Clusters
Large Scale Structure

s

MOND

(Modified Newtonian Dynamics)

observed *_‘}
_'r__l.-i—"iﬂ—

or

expected
from stars
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Relic Particles
beyond the Standard Model

10 R (kpc)
M33 rotation curve



Particle Relic From The Bang

- neutrinos WA p ( ,(hot dark matter)
- sterile neutrinos, gfavit__inos -+ (warm dark matter)
* LSP-(neutraline, ‘axino, ...) (c.olld dark matter)
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The key experiment
which gives us
the most precise cosmological
information




Arno A. Penzias
1/4 of the prize
USA

€ Nobel Prize in Physics

Robert W. Wilson
1/4 of the prize
USA

2006

for their discovery of the
blackbody form and anisotropy

of the cosmic microwave
background radiation

John C. Mather George F. Smoot
1/2 of the prize 1/2 of the prize
YA USA




| ‘ Cosmic Microwave Background Radiation
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ATg; D= 3.346+0.017 mK
V =368+ 2 km/sec

—
l COBE (the first results 1992)

AT =0.018pK
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- . HST Discovered
- < Ground Discovered

The most precise
experiments
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What is Dark Energy ?
What is Dark Matter ?

Great expectation are
concerned with two launched

mission




. ESA Mission. Planck - Launech In .
Precision | ‘ -

Cosmology

Fundamental
| Fields and Particles
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Particle Dark Matter Candidates

Other
Scales.
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