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Temperature today 2:73 K.

Tiny anisotropies in the CMB temperature hint in uctuations
in the early universe energy density.

What is the cause of these uctuations? What insight in the
primordial universe can the CMB provide?
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In ation

Cosmic In ation : a period of accelerating expansion in the
early universe.

It is theorised to have taken place 18 s after the Big Bang.

In ation follows the quantum epoch of the newborn universe,
an era governed by high energy physics.

It may hold a key role to the solution of some Big Bang
puzzles such asthe horizon problem (the homogeneity
problem),the atness problem , the non-existence of
magnetic monopoles.
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Horizon Problem

During the in ationary era the comoving Hubble radiusH( ) *
decreases, thus regions that now do not seem to have ever been in
causal contact, in fact were before in ation. This causality
established the homogeneity we observe.
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Horizon Problem

The in ationary expansion ampli es microscopic quantum
uctuations in the primordial energy density, making them
larger than the physical horizon at that time. They stay
frozen outside the horizon.

They re-enter the horizon at a later time, causing the
perturbations depicted in the CMB and leading to the large
scale structure we observe today via gravitational attraction.

The study of the perturbations after they re-enter the horizon,
using CMB data, can shed light in the physical conditions of
the primordial universe.
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Flatness Problem
8 .
K < 0 at universe
1 ()= 1 closed universe (1)

2 -
( H) ' 1 open universe

where ()= —, ait =3HZ .

rit

The comoving Hubble radius decreases during in ation, driving the
universe towards atness. =1 is an attractor during in ation.
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Modeling In ation

The components of the universe are treated as uids, thus the
comoving Hubble horizon for a universe dominated by a uid
. . . 1
with equation of statew, is ( H) 1 z(*3W)_ Therefore,
the condition for in ation is:
d( H) ! d?
—————<0) —5>0 +3p<O0 2
Using a scalar eld is the simplest way to achieve a negative

pressure and describe the in ationary era.
The most general four dimensional scalar eld Lagrangian containing at
most two derivatives is,

z

s = dx" g %Z(' )Jg @@ ' +V()+h()R @3)
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Modeling In ation

z

S = d“xp

TG 3Z()g @@ +V( )+ h)R

When the scalar elds are evaluated at their vacuum con guration,
the scalar eld must be either minimally coupled of conformally
coupled. We focus on the rst possibility, s6(' )= 1 and

h(" )=1.

The study of in ation can extend to other actions, such as using:
non-minimally coupled elds, non-canonical kinetic terms, more
than one elds, modi ed gravity, combinations.
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