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Expanding Universe: Facts
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Initial Conditions

Matter Distribution
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Initial velocities
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Scenarios
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Can quantum fluctuations be amplified up to 

"needed" value 10  in expandng Universe???
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Perturbations
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Quantum metric fluctuations are big enough only
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Summary

Inflation is the stage of accelerated expansion
Idea and basic properties of inflation are esta

 of 
the universe with graceful exit to Friedman

blish

n s

ed:

tage

SCENARIO

???

Homogeneity, isotropy and flatness of the Universe
mechanism for the origin of plus
solutions of numerios "man made" problems (

 perturbati
monopoles,

ons 
...)

Robust predictions:
5  :  1 10totalSpatially flat Universe −Ω = ±−

   ( 0,96)
    

SNear scale invariant spectrum n
Perturbations

ly
Gaua sre sian

− − ≤

Input from HEP
???

???
Energy scale of inflation
prediction of the perturbations 
amplitude, concrete sn

→

Transition from inflation to
Friedmann, reheating mechanism

-5The origin of small number 
characterizing perturbat

10
ions

 Gravity waves−



"What really interests me is whether God had
any choice when he created the W
                                                          A. Ein s

orld"
tein

(it is unique opportunity
to create World starting from generic initial condi
Inflation was inevi

tions 
with minimal 

 

e

tabl

ffo

e!!!

rts)



&Q A
Does inflation have a serious competi ?:  torQ

o:  NA          
                                    
Causality         +                +             
"No-hair"               
Gracefu

 n/a
+    

Inflat

      

 and  vs

    

ion PBB

  -   

.

 
l 

  

TD

   n/a
e

 PBB TD INFLATION

xit  
Perturbations

         +              -?        n/a
          +               -?        -

Could we get from observations something useful 
      for "M-theor

 :
y" ?

Q

 Unfortunately not too muc: h...A



0Can we get in inflationary models , large deviations
      from scale invarience, nongaussian perturbat

 <1
s?

:
ion

Q Ω

70

 In principle YES adding extra fine-tuned parameters
      in the model, 

      compared 
price

10  1to  for s

:
BU

tan/3
perf

dard i
omanc

nfla n

T

e
tio

A

>

Does inflation completely solve the problem of 
       initial conditi

 :
ons?

Q

?:   ??A
What was before infla : tion?Q

  Selfreproduction of the universe: ??? ?s??A "God creates new worlds constantly"
                                      Z  oh    ar 1     ,89a

Instanton  "The world and time had both one beginning.
The world was made not in time, but simulteneously with time "
                    Saint Augu   sti      ne of 

??

Hi

? ???

ppo,        354 0 -43

⇔

Can preinflationary stage have observationally varifiable
       consequen

 :
ces?

Q
 Probably not, but who knows: ...?A







CMB-slow:  
How to estimate cosmological  

parameters by hand 

V. Mukhanov

Sektion Physik, LMU, München 



Parameters
Metric

After inflation
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Main unknown parameters determining the spectrum
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Before recombination
(Im)perfect fluid: coupled baryon-radiation p
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Spectrum
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Determining the cosmological parameters
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Gravitational waves
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CMB polarization-way to detect  
primordial gravitational waves
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Comparison with observations: Present
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