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Overview

1 Inflation
Introduction
Scalar field of inflation
Starobinsky model

Allen Huang (NTHU) Inflation December 25, 2018 2 / 10



What is inflation?
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Why we need inflation?

Horizon problem
Every part of sky is seem to be in thermal equilibrium

Flatness problem
Ω− 1 ∝ a−2

monopole problem
Magnetic monopole is extremely rare in the universe
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Inflaton

Scalar(spin 0) particle, inflaton(φ).

Lagrangian L = −1
2g

µν∂µφ∂νφ− V (φ)

Field equation

φ̈−∇2φ+
∂V

∂φ
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Dynamics

energy density ρφ = 1
2 φ̇

2 + V (φ)

pressure Pφ = 1
2 φ̇

2 − V (φ)

The combine these euqations with Friedmann equations and continuity
equations

H2 =
1

3M2
Pl

[
V (φ) +

1

2
φ̇2

]
and

φ̈+ 3Hφ̇ = −dV

dφ
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Slow-roll inflation

Assuming φ̇ is pretty small(slow-roll approximation)

H2 ≈ V (φ)

3M2
Pl

, 3Hφ̇ ≈ −V ′(φ)
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Slow-roll inflation

slow-roll approximation

⇒ H =
∂ ln(a)

∂t
= φ̇∂φ ln(a) ≈ −

∂φV

3H
∂φ ln(a)

⇒ H2 ≈ 1

3
V ≈ 1

3
∂φV ∂φ ln(a)

⇒ ∂φ ln(a) ≈ V

∂φV
= (∂φ ln(V ))−1

⇒ a = a0e
∫
dφ(∂φ ln(V ))

−1
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Starobinsky inflation

The action

S =
1

2

∫
d4x
√
−g
(
R − R2

6m2

)
m is a mass-dimensional parameter(actually the inflaton mass)
The corresponding potential in Einstein frame

V (φ) =
3

4
m2
(

1− e−
√

2/3φ
)2

This resolved the cosmology problems and led to specific predictions for
the corrections to the microwave background radiation, corrections that
were then calculated in detail.
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What’s more?
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