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Cold Inflation

Inflation

Standard Model of inflation
Slow-roll approximation
Reheating
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Standard inflation

condition
We know from G.R in order to realize inflation, it requires an equation of state
P < −ρ/3, thus a substance with negative pressure that scalar fields can
provide such an equation of state.

ρ(φ) =
1
2
φ̇2 + V(φ) P(φ) =

1
2
φ̇2 − V(φ) (1)

Evolution of the inflaton

Evolution of energy density
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Evolution of the scalar field

Related equations

Energy density conservation

ρ̇+ 3H(ρ+ P) = 0 , (2)

The equations describing the evolution scalar field

φ̈+ 3Hφ̇+
dV
dφ

= 0 , H2 =
8πG

3
ρ

where H is Hubble parameter
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Warm inflation

The other dynamical realization of inflation is warm inflation. In this
picture, similar to cold inflation, the scalar inflaton field must be potential
energy dominated to realize inflation
The difference is, in this picture the inflaton is not assumed to be an
isolated, noninteracting field during the inflation period
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Condition of Warm inflation

Conservation equation

ρ̇φ + 3H(ρφ + Pφ) = −Γφ̇2 (3)

ρ̇γ + 4Hργ = Γφ̇2;

Equation of motion of warm inflation

φ̈+ (3H + Γ)φ̇+
dV
dφ

= 0 (4)

Perturbation of the scalar field

δφ2
warm ∼

√
HT δφcold ∼ H; (5)

In warm inflation model we haveT > H.
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Perturbation

Perturbation of warm inflation, first approximation

Power spectrum

PR ∼
H2

φ̇2
δφ2; (6)

Tensor-scalar ratio
r = (

H
T

)16ε; (7)

Spectral index

ns = 1 +
d lnPR

d ln k
; (8)

We can present these parameters for our model
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Tachyon scalar field

From the dynamical viewpoint one may obtain the equations of motion of
tachyon fields using a special Lagrangian

1 Lagrangian

L =
√
−g
[

R
16πG

− V(φ)
√

1− gµν∂µφ∂νφ

]
. (9)

2 Stress-energy tensor

Tµ
ν =

∂L
∂(∂µφ)

∂νφ− gµ
νL = diag(−ρφ, pφ, pφ, pφ) (10)

equation

Pressure and energy density of tachyonic fluid in FRW universe we have

ρφ =
V(φ)√
1− φ̇2

Pφ = −V(φ)

√
1− φ̇2 (11)
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slow-roll limit

φ̇2 � 1 ⇒ P = −ρ

Notice, that tachyon potentials have the following two properties: the
maximum of the potential occurs when φ→ 0 while the corresponding
minimum takes place when φ→∞.
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LQG in FRW universe

LQC
LQC is LQG limit in FRW universe which modified Friedmann equation in a
sense that the singularity is removed.

Modification of first Friedmann equation

H2 =
8πG

3
ρ(1− ρ

ρc
) (12)

where ρc is constant
Warm LQC

ρ = ρφ + ργ P = Pφ + Pγ (13)
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Results

Summary of results
we estimate analytically the slow-roll parameters and we compare our
predictions with those of other inflationary models as well as we test the
performance of warm LQC inflation against the observational data.
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**************************************************************************

Thanks for your attention
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