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The efforts to understand the universe is one of the very few things 
that lifts human life a little above the level of farce...
S. Weinberg, 1977
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Before 1990

“Only by their breaking could the divine configurations be perfected” 

Kabbalistic text; Ta’alumoth Chokhmah (The Channels of Wisdom) 
1629, Joseph Samomon del Medigo of Crete

Notre concitoyen, disaient-ils en pleurant,
Perd l'esprit : la lecture a gâté Démocrite. 
Nous l'estimerions plus s'il était ignorant.
Aucun nombre, dit-il, les mondes ne limite :
               Peut-être même ils sont remplis
               De Démocrites infinis.  
                                              La Fontaine 

“Our fellow citizen,” they said, “has lost his mind”
Reading has ruined Democritus. 
If he knew less he’d have more sympathy from us.
There are more worlds, he claims, in number infinite,
           And each of them may have in it
            Another Democritus.  
                                              La Fontaine           
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 Hubble law

 r
 v

 = Hr v

 The Universe expands

   
t ∼

r
v
=

1
H

∼ 13,7bil . years



12



There is baryonic matter: 

about 25% of 4He, D....heavy elements

Dark Matter???? baryonic origin???

Large Scale Structure: clusters of galaxies!
Filaments, Voids??????????????????????



  

There exists background radiation 
with the temperature T ≈ 3K

 Penzias, Wilson 1965
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When the Universe was 1000 times smaller
its temperature was about  2725  K°



RecombinationNucleosynthesis



Very homogeneous Inhomogeneous





Very homogeneous Inhomogeneous
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nS = 0.96
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Very homogeneous Inhomogeneous







 

There always exist unavoidable 
Quantum Fluctuations

  

Quantum fluctuations in the density distribution are large (10-5 )

only in extremely small scales ( ∼ 10-33  cm), 

but very small ( ∼ 10-58 ) on galactic scales ( ∼ 1025  cm)
Can we transfer the large fluctuations from extremely 
small scales to large scales???

p x hΔ Δ ≥
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t0tit

  decelerated Friedmann Expansion
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The space and  time had  both one beginning . The space was made 
not  in time but  simultaneously with time. 
Saint  Augustin of  Hipo
 
God  creates new worlds constantly
Zohar

If  the world  has begun with a single quantum,  the notions of  space and  time 
would  alltogether  fail  to have any sense at  the beginning and  would  only begin 
to get  some sensible meaning when the original  quantum would  have been divided  
in a sufficient  number  of  quanta.
G. Lemaître,  
The beginning of  the world  from the point  of  view of  quantum theory,  Nature 127,  706 1931( )



t0tit
  ≈ exp(Ht)



 Predictions!!!
1)

!

Ω = 1



Perturbations (inhomogeneities) are:

2) Adiabatic (MC 1981)



3) Gaussian (MC 1981)

Φ=Φg + fNLΦg
2 ,  where fNL =O(1) (MC, 81)



4) have log spectrum (MC 1981)

4) Φ ∝ ln (λ /λγ )∝λ1−nS  with nS = 0.96 (MC, 1981)



L.P.  9/6/2003:
We are writing a proposal to get money to do our small angular scale
CMB experiment. If I say that simple models of inflation require 
n_s=0.95+/-0.03 (95\% cl) is it correct?
I'm especially interested in the error. Specifically, if n_s=0.99 would
you throw in the towel on inflation? 

V.M . 9/8/2003
The "robust" estimate for spectral index for inflation is 0.92<n_s<0.97. 
The upper bound is more robust than lower. The physical reason for 
the deviation of spectrum from the flat one is the nessesity to finish inflation....
If you find n_s=0.99 +/- 0.01 (3 sigma) I would throw in the towel on inflation.



After 90 - present



COBE 1992

2.725K Blackbody 
Spectrum of the CMB
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Planck

  

???
End 2012
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PREDICTIONS

Perturbations are :
2) adiabatic (MC, 81)

3) gaussian: Φ=Φg + fNLΦg
2 ,  where fNL =O(1) (MC, 81)

4) spectrum: Φ ∝ ln (λ /λγ )∝λ1−nS  with nS = 0.96 (MC, 81)

1) flat Universe



with Ωtot = 1 (prediction) and H0 ,  ΩΛ ,Ωbar  from supernova, deuterium et.cet. we get
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Planck 2014 - TE & EE 
spectra 

Frequency averaged spectrum reduced 2 = 1.04 Frequency averaged spectrum reduced 2 = 1.01 

Preliminary 





54

−Ωtot = 1± 0.005
−Perturbations are adiabatic
−Gaussian: fNL = 2 ± 5

nS = 0.96 ± 0.005!!!



CONCLUSIONS

−General Relativity is valid up to the scales 10−27  cm
−We all originated from quantum fluctuations
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