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CLASS overview

CLASS (The Cosmic Linear Anisotropy Solving System) is an Einstien-Boltzmann

code for simulating the evolution of linear perturbations in the universe.

CLASS can be used to calculate the cosmological observables within the framework of

the standard LCDM cosmological model and beyond.

It can be used to perform detailed calculations of the Cosmic Microwave Background

(CMB) power spectrum, as well as other large-scale structure observables.

CLASS is very structured, user-friendly, and flexible to modify.

CLASS was written by Julien Lesgourgues \& Thomas Tram, first released in 2011.

Ref: Lesgourgues, J. (2011) [1104.2932, 1104.2933]

For more information about CLASS can be found on the website:
http://class-code.net 2



What does CLASS do? 
Solves for the nonlinear, coupled Einstein-Boltzmann equations for many

types of cosmic component in the Universe to first order in perturbations.

Computes the CMB observables such as temperature and polarisation

power spectrum such as

Computes Large Scale Structures (LSS) observables such as the total

matter power spectrum P(k) and individual density and velocity transfer

functions.
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Background evolution
The solutions of matter and radiation are given by

Continuity equation

What can you get from CLASS?
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cosmic distances

Luminosity distance

in case of flat space

where

is from the Friedmann equation

Flat
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Angular diameter distance

Comoving distance
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Thermal history

Free electron fraction

Visibility function

Optical depth



8

CMB spectra
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Matter power spectrum
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Evolution of density and velocity perturbations
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Modules in CLASS
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Background
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If you call the Hubble function from CLASS, 
it wiill give you the value in the unit of

If you prefer the Hubble distance at a
redshift in the unit Mpc, just using
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For example

So if you want the value of Hubble
function at a redshift in the unit of

you have to multiply
it by the speed of
light in the unit km/s
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Energy density:

pressure:

Hubble function:

Critical density:

Density parameter:

Most quantities can be instantly calculated from a given value of a
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Perturbation module

Find all perturbations (density, gravitational potential, ...) by integrating ODEs for each
independent wavenumber k, each mode (scalar/vector (just in case)/tensor), each initial
condition (adiabatic/isocurvature):

Boltzmann (non-perfect fluids: photon temperature/polarization,
massless/massive neutrino temperature) 
Continuity + Euler (perfect fluid: baryons, hypothetical (DE/DM/DR) fluid) or
approximatively pressureless species: (CDM) 
linearized Einstein equations (one = differential equation, others = constraint
equations)

Linear perturbations ⇒ perturbations normalized to trivial initial condition 
(class → curvature perturbation R = 1 for scalar with adiabatic I.C.)
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Perturbation module

Perturbed Einstein equations

Metric perturbation
(synchroneous gauge)

solving 2 of the 4 first
order Einstein
equations:

Together with
Boltzmann
equation for
each cosmic
species
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Perturbation module

T. Tram

f is the distribution
function e.g. Bose-
Einstein distribution
for CMB photon 
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Perturbation module

T. Tram

Relevant sources 
sources for CMB temperature 
sources for CMB polarisation 
metric perturbations φ and ψ and derivatives, used for lensing and galaxy number
counts. density perturbations of all components {δi} velocity perturbations of all
components {θi}
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Perturbation module
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Transfer module

T. Tram
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Spectra module

Computes observable power spectra out of source functions, transfer
functions:

Linear matter power spectra

Angular power spectra

with
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Tutorial exercises

Plot the cosmological distances (luminosity, angular diameter distance,
comoving distance) using the guiding code below. Compare the result to the
Plots that using distance functions calling from CLASS.

1.
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2. Plot the three distances using the Python wrapper for CLASS, comparing your
code in the exercise 1

3. Define distance modulus function below (call the luminosity-distance
function from CLASS). Plot with three models, $\Omega_m=0.1$,
$\Omega_m=0.3$ and $\Omega_m=0.9$ together with the SN Ia observations
from the Pantheon+SH0ES
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4. Plot the CMB temperature power spectrum againts observational data as
shown.
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5. Plot CMB spectrum with varying parameters 
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