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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)
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PREDICTIONS

From the upper universal curve:
UPPER  BOUND r < 0.053

From the lower  universal curve:
LOWER BOUND r > 0.021

0.021  <    r   <  0.053

Most probable value: r ~ 0.051





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



Dark Matter: from primordial 
fluctuations to Galaxies

Cold (CDM): small velocity dispersion: small structures form 
first, bottom-up hierarchical growth formation, too heavy (GeV)

Hot (HDM) : large velocity dispersion: big structures form  first,
top-down, fragmentation, ruled out, too light (eV)

Warm (WDM): ``in between’’, right mass scale, (keV)

ΛWDM Concordance Model:
CMB + LSS + SSS Observations

DM is WARM and COLLISIONLESS

CDM 
Problems:

``clumpy halo problem’’, large number of satellite galaxies
“satellite problem”, overabundance of small structures 
ρ (r)  ~ 1 / r  (cusp)
And other problems…..
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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



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 (standard Friedman-Robertson-Walker)
phases
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
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