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O The. Umverse expands
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Expanding Universe: Facts
@Today: The Universe 1s homogeneous and
1sotropic on scales from 300 millions

up to 13 billions light-years

@ There exist structure on small scales:
Planets, Stars, Galaxies, Clusters of galaxies

Superclusters ....

@ There1s ~75% H, ~25% He and

heavy elements 1n very small amounts



@ In past the Universe was VERY hot

@ There exist Dark Matter and Dark Energy

@ When the Universe was al

boout 1000 times

smaller, 1t was extremely |

and 1sotropic 1n all scales
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® There exists background radiation
with the temperature 7' = 2.725°K
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When the Universe was 1000 times smaller

its temperature was about 2725°K



15 thousand million years

1thousand million years

Zeit (T} = 3 Minulen \ Zeit (T) = 300.000 Jahre
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INFLATION

In 10 causally disconnected regions 8¢ / ¢ <107 !!!

Why?

:/ ® Ic ~ 10_33 cim \:
L~107 cm\ /

I di i Initial speed of e?sﬁn
l c A 0 ™ speed of e}pafsion today
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@ Reason: Gravitation is attractive force - <<
0

® Assumption: Gravity was REPULSIVE during

during some time interval in very early Universe

— c'zl. / c'zo < 1= NO Problem

INFLATION 1s the stage of accelerated

expansion in the very early Universe
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© How gravity can become "repulsive™?

.. daG
ad= Ea

3

i= - (e

acceleration

ensit pressure

Only it et3p <0 = a>0 ="antigravity"



Scenarios
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Energy density £, pressure p

p (8 )— equation of state

p+¢€ < ¢ for mflation

|
P=-

Which concrete scenario was realized ?7??



Quantum Fluctuations and Galaxies

© Inflation "wash out" all existing classical

inhomogeneities and leaves classical desert

Where the thhomogeneities come from?
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There always exist unavoidable

Quantum Fluctuations ‘

Quantum fluctuations in the density distribution are large (107 )

only in extremely small scales (~ 107 cm),

but very small (~ 107" ) on galactic scales (~10” cm)
Can we transfer the large fluctuations from extremely

small scales to large scales???
Yes 11 butonly if in past the Universe went through

the stage of accelerated expansion (infltion)



O Consider plane wave perturbation: 0@, o exp ik X )

com

For givenk,,,,, A,,(cm)xalk,, «a(t)and the change
of the amplitude with time depends on how big 1s A

phys

compared to the curvature scale (size of Einstein lift) ' = a/d









In(A/2,) orn =096 (Mukhanov, Chibisov 1981)

Scalar perturbations

S~ — = Gravity waves

.’
—

- Starobinsky 1979
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Q=1+0.02

ST ——
Dark Matter & Dark Energy

Radiation:
0.005%

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

Neutrinos:
0.17%

Stars:
0.8%

H & He:
gas 4%

Cold Dark Matter:
(CDM) 25%

Dark Energy (A):
70%

+ inflationary perturbations
+ baryol/lepto genesis



n _ O 963+0011

-0.011




"In models with the initial superdense de Sitter state ... such a large
amount of relic gravitational waves i1s generated

...that ... the very existence of this state can be experimentally"
verified in the near future.

(Starobinsky, 1980)






68000
< 5000
= 4000
{ 3000
O

= 2000

U1+

—100

residual (uK®)

1 1 1 1 l 1 1 1 1 I 1 1 1 1 ] 1 1 1 1 ] 1 1

Planck
ns=0.95

1000

100 |

L L

.lllllllllllllllllllllllllllll

i
|

| 1

1 1 1 l 1 1 1 1 l 1 1

llllllll..'AllllIllll

L Il

200 1000 1500 2000

2500



PLANCK FORECAST
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B "What really interests me 18 Whether .
God had any ch01ce When he created the World"

Inflation was.inavoidable!!! (it is unique chance to create

Universe from complete chaos. without special effarts)
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