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WMAP data reveals that its contents include 4.6% atoms, 
the building blocks of stars and planets. 

Dark matter comprises 23% of the universe. 
This matter, different from atoms, does not emit or absorb 

light. 
It has only been detected indirectly by its gravity. 

72% of the Universe, is composed of "dark energy", that 
acts as a sort of an anti-gravity. 

This energy, distinct from dark matter, is responsible for 
the present-day acceleration of the universal expansion.

CONTENT OF THE UNIVERSE











*The Effective Field Theory (EFT) Approach relies on the 
separation between the energy scale of  Inflation and the 
higher energy scale of the earlier stage (cutoff scale) which 
here is the Planck scale. 
*Scale of Inflation: Hubble parameter during the relevant 

stage of inflation (wavelengths of cosmological relevance 
cross the horizon).
*EFT expansion: defined by the dimensionless ratio 
H(Φ°)/MPl . Reliability of the expansion: improves upon 
dynamical evolution since the scale of inflation diminishes 
with time.
*EFT expansion is an excellent one since the amplitudes of 
scalar and tensor perturbations are given by
2 (2)1/2 εV ΔR = H / (π

 
MPl ) , ΔT = (2)1/2 H / (π

 
MPl )

εV << 1 . WMAP data  ΔR = 0.47 x 10-4 provide strong 
observational support to the validity of an effective field 
theory of inflation well below the Planck scale and to the 

H / MPl expansion.



Expected CMB constraints on ΔT should still improve this support.

THE SCALE OF SEMICLASSICAL GRAVITY
ΔT and ΔR expressed in terms of the semiclassical and quantum 
Gravity Temperature scales

Tsem = h H /(2π
 

kB )       ,   TPl = MPl c2/ (2π
 

kB )

Tsem is the semiclassical or Hawking-Gibbons temperature of the
initial state (or Bunch-Davies vacuum) of inflation. TPl is the
Planck temparature 10 32° K.

Tsem / TPl = 2π
 

(2 εV ) 1/2 ΔR ,     Tsem / TPl = π
 

(2)-1/2 ΔT

Therefore, WMAP data yield for the Hawking-Gibbons Temperature
of Inflation:

Tsem ~ (εV) 1/2 10 28 ° K.









Fast roll Inflation produces
the Observed Quadrupole CMB Suppression

D. Boyanovsky, H. J de Vega and N. G.  Sanchez,
” CMB quadrupole suppression II : The early fast roll stage ”

Phys. Rev. D74 , 123006 (2006)





Les résultats de WMAP, des données des structures à 
grande échelle (LSS) et d'energie noire placent l'Inflation 
de l'univers primordial dans le cadre du modele standard 
de l'univers. Théorie effective de l'Inflation de l'univers 
primordial avec les echelles d'énergie physiques relevantes 
du problème: l'echelle d'energie de l'inflation, l'echelle de 
Planck et l'echelle de Hubble de l'inflation. 
(i)le cadre naturel pour d'écrire les résultats du CMB+ 
LSS+ energie noire est une théorie effective de l'inflation 
avec un potentiel d'une forme simple et universelle bien 
déterminée sans aucun «fine-tuning». (potentiel quartique 
générique). Cette clarification essentielle permet de 
simplifier, comprendre et placer l'inflation dans le cadre 
de la grande unification et en analogie avec des autres 
theories effectives, comme par example l a 
supraconductivité. 



(ii) des prédictions pour les observables CMB : le 
rapport r = tenseur/scala la variation de l'index 
spectrale ("running index"), et l'index spectral 
scalaire ns des fluctuations primordiales. 
(iii) une nouvelle analyse des données WMAP avec 
Monte Carlo Markov Chains et l'input théorique 
conceptuel de la théorie effective de l'inflation, 
ainsi une borne inferieure pour le rapport 
r = tenseur/scalaire est trouvée. 
(iv) un éclairage nouveau sur l'inflation et ses 
prédictions: conditions initiales de l'inflation et 
suppression du quadrupole du CMB, découverte 
d'une étape d'inflation rapide (de "fast roll") 
précédent l'inflation lente (de "slow roll"). 













































































































































17.00 –
 

18.00  Norma G. SANCHEZ (CNRS LERMA 
Observatoire de Paris, France) Understanding of Inflation, 
Dark Matter and Dark Energy in the Standard Model of the

 Universe

18.00 -
 

19.00
 

Tour to the historic Perrault
 

building guided 
by Prof.

 
Suzanne DEBARBAT (SYRTE-Observatoire de 

Paris) around the subject “Mechain and the Meter” and 
Exhibition

19.00 -
 

20.30
 

APERITIF/COCKTAIL at SALLE CASSINI
 in Perrault building, for all participants and accompanying
 persons

End of the Conference
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