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Expanding Universe

°Flat Geometry Flatness problem
But if today then

*Homogeneous and Isotropic  Horizon problem

The observable Universe was larger
than the particle horizon at LSS

A T/T ~10 > Super-horizon perturbations?
Too small sub-horizon (causal) perturbations

Unwanted relics:
mohnopoles, moduli, gravitinos,...



(Slow Roll) Inflation
Early period of accelerated expansion

Energy &
pressure e.0.S W=
“Flat” The curvature and the slope smaller

potential than the (Hubble) expansion rate

(chaotic inflation)

“Slow roll” for large field values




Cosmic Budget
4% Atoms

Matter asymmetry

22% “Dark” Matter
No candidate in the SM

No Big Bang
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(cosmological constant)

/4% “Dark” Energy

Present accelerated expansion

e.0.S WpHE=

mass density

Cosmological Constant ?
Quintessence field?



Quintessential Inflation

Inflation Kination RD MD DE

V(d) ¢*>V(d),p,~a®

Gravitational particle
production

Quintessence:

(Primordial spettrum )



Quintessential Inflation
Reheating: (no oscillations, no decay)
Gravitational particle production
- From inflation to kination:
- Thermalization: (interact. rate ~ H)

- Radiation domination

Gravity waves:
(~ massless scalar field)

- Nucleosynthesis:

- To avoid overproduction of GW: N_ > 100

GW

2)



Quintessential Inflation
» More efficient reheating:

- Instant “preheating”

- “Curvaton” reheating:
( curvaton= light scalar)

- Born-Infeld reheating

Extra d. of f. and/or couplings to the inflaton field

» Standard reheating ?

Inflation  Oscillations Decay & therm. Radiation



Hybrid Quintessential Intlation

¥ moves away
from the origin
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Hybrid Quintessential Inflation

v field displaced from x=0

Energy available for reheating:
Fraction of the potential well depth:

y_ moves before ¢ ~0 & f(m,g)<1

Oscillations and decay: L,=am,

/et

94 Tgy ~ (10 - 10%%) GeV

y_.does not backreact on 0]




Hybrid Quintessential Inflation
Reheating T
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Decreasing xx reduces the allowed region (g,m)

Very weak coupling:



Summary & Future prospects

= Quintessential inflation: unified picture of inflation & DE

Reheating through gravitational particle productions
Overproduction of GW?
= Hybrid Quintessential inflation:

Reheating similar to hybrid inflation
through decay of oscillating field %

= Parameters: |Inflation & DE
Reheating:

= (1-loop) Quantum corrections?: (work in progress)

¥ 1S a very heavy field both during inflation

and DE domination decoupled from RGEs and
1-loop improved effective potential



