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LE TEMPS: CONCEPTS
• CAUSALITE, VITESSE MAXIMALE: c. PASSE, PRESENT, FUTURE: 

CONE DE LUMIERE

• IRREVERSIBILITE : LA FLECHE DU TEMPS 

• 

• L’UNIVERS évolue DU DESORDRE VERS l’ORDRE (DU CHAOS VERS 
l’STRUCTURATION ): =>  ENTROPY, toujours CROIT 

• LA GRAVITATION   ESPACE-TEMPS

• CLASSIQUE   vs QUANTIQUE 

• LE TEMPS est un concept CLASSIQUE 

• EMERGE a partir du QUANTIQUE

• ORIGIN DU TEMPS

• VIDE (RIEN) : VIDE QUANTIQUE  (pas de temps)=> 

• EMERGENCE du TEMPS 



THE HISTORY OF THE UNIVERSE IS A HISTORY  of  

EXPANSION and COOLING DOWN

THE   EXPANSION  OF  THE  UNIVERSE  IS  THE  MOST  

POWERFUL  REFRIGERATOR

INFLATION PRODUCES THE MOST POWERFUL STRETCHING OF LENGTHS

THE EVOLUTION OF THE UNIVERSE IS FROM QUANTUM

TO  SEMICLASSICAL  TO CLASSICAL

From  Very Quantum (Quantum Gravity) state  to Semiclassical Gravity 

(Inflation) stage (Accelerated Expansion) to Classical Radiation dominated Era 

followed by Matter dominated Era (Deccelerated expansion) to Today Era (again 

Accelerated Expansion)

THE EXPANSION CLASSICALIZES THE  UNIVERSE

THE EXPANSION OF THE UNIVERSE  IS THE MOST 

POWERFUL QUANTUM DECOHERENCE MECHANISM







ATOMS, the building blocks of stars and planets: 

represent  only the  4.6%

DARK MATTER comprises 23.4 % 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, 

compatible with cosmological constant

CONTENT OF THE UNIVERSE



















Two key observable numbers :

associated to the primordial density and 

primordial gravitons :

ns = 0.9608 ,   r

PREDICTIONS
r < 0.053

r > 0.021

0.021  <    r   <  0.053

Most probable value: r ~ 0.051



THE  PRIMORDIAL  COSMIC BANANA

The tensor to scalar ratio r (primordial gravitons) versus the 
scalar spectral index n_s. The amount of r is always non zero
H.J. de Vega, C. Destri, N.G. Sanchez, Annals Phys 326, 578(2011)







THE  ENERGY SCALE OF INFLATION IS THE 

THE SCALE OF GRAVITY  IN ITS SEMICLASSICAL 

REGIME

(OR THE SEMICLASSICAL GRAVITY 

TEMPERATURE )

(EQUIVALENT TO THE HAWKING TEMPERATURE)

The CMB allows to observe it 

(while is not possible to observe for Black Holes)



BLACK  HOLE  EVAPORATION  DOES THE 

INVERSE EVOLUTION :

BLACK HOLE  EVAPORATION GOES FROM 

CLASSICAL/SEMICLASSICAL STAGE TO A 

QUANTUM (QUANTUM GRAVITY) STATE,

Through this evolution, the Black Hole  temperature goes 

from the semiclassical gravity temperature (Hawking 

Temperature) to the usual temperature (the mass) and  

the quantum  gravity temperature (the Planck 

temperature).

Conceptual unification of quantum black holes, 

elementary particles and quantum states



Cosmological evolution goes from a quantum gravity

phase to a semi-classical phase (inflation) and then

to the classical (present cosmological) phase.

Black Hole Evaporation (BH hole decay rate), heavy

particles and extended quantum decay rates; black

hole evaporation ends as quantum extended decay

into pure (non mixed) non thermal radiation.

The Hawking temperature, elementary particle and

Hagedorn (string) temperatures are the same

concept in different gravity regimes (classical,

semiclassical, quantum) and turn out to be the

precise classical-quantum duals of each other.

.

CONCEPTUAL UNIFICATION























FIN…

THE END….

MUCHISIMAS GRACIAS 

por vuestra ATENCION !!!

MERCI beaucoup pour votre ATTENTION !!

THANK YOU very much for your ATTENTION !! 


