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Abstract
The Cosmic Microwave Background (CMB) is an open window to the early Universe. To compute the CMB Spectrum we need to
perturb the FLRW metric that describes a homogeneous and isotropic universe at large scales. Furthermore, at early times photons
have interacted with electrons by Compton scattering, before traveling through the space-time toward us. This interaction produces
a perturbation in the temperature of the photons and this can be described by the Boltzmann equa- tion. Solving these equations we
can find the CMB Temperature Power Spectrum, in which their peaks are related to the shape and matter components of our universe.
In this work, we will show how we can compute the quantities that describe the current percent of matter density, energy density, and
shape of the current universe.

Introduction
Background Universe: Our universe
is homogeneus and isotropic on large
scales and it can be studied with the
FLRW metric that satisfy the cosmolog-
ical principle.

ds2 = −dt2 + a2(t)

(
dr2

1− kr2
+ r2dθ2

+ r2sen2θdϕ2) ,
This metric has to satisfy Einstein Field
Equations.

Rµν −
1

2
Rgµν = 8πGTµν . (1)

Then, we get the Friedmann equations.

H2 =
8πGρ

3
− k

a2
, (2)

ä

a
=
−4πG

3
(ρ+ 3P ). (3)

Friedmann equations can be written,

ΩM + ΩK = 1 , (4)

where

ΩM =
8πGρ

3H2
, Ωk = − k

(aH)2
(5)

Perturbed Universe: Our universe is
far from be homogeneus and isotropic.

gµν = ḡµν + δgµν . (6)

Fixing the Newtonian Gauge we can state
the perturbed metric.

gµν = a(η)2

(
−(1− 2Φ) 0

0 (1 + 2Φ)δij

)
,

Inserting the metric in the Einstein Field
equations we got the equation of evolution
of the perturbation Φ.

Φ̈k + 3H(1 + w)Φ̇k + wk2Φk = 0 . (7)

Computing the CMB Spectrum
The interaction between photons and electrons induced a perturbation in the photons
temperature Θ = δT

T
. This interaction can be described by Boltzmann equations df/dt =

C[f ]. Then, we get

Θ̇ + ikµΘ + Φ̇− ikµΦ = −τ̇ [Θ0 −Θ + µvb] . (8)

To fit the data we set the cosmological parameters:

Ωk ≤ 0.01, Ωb = 0.0492, Ωcdm = 0.264, Ωr = 8.051 · 10−5, ΩΛ = 0.689 .
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Figure 1: CMB Temper-
ature Spectrum with data
from Planck Collaboration
2018.

Understanding the CMB Spectrum
Dark Matter Neccesity:
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Figure 2: Comparison
between ΛCDM model
and a universe with no
dark matter.

Shape of the universe:
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Figure 3: Closed Universe.
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Figure 4: Open Universe.

Conclusion
Observations from the Cosmic Microwave Background set and constrain cosmological
parameters.
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