
Cosmology / Extragalactic

Galaxy clusters : from astrophysics to cosmology

SUMMARY.

Galaxy clusters are the most massive bound structures in the universe,
product of a long history of accretion or merging of smaller units. Their
evolution in time is therefore a witness of large scale mass assembly
processes, which make them good tracers of the expansion rate of the
universe. This METEOR proposes to study astrophysical processes oc-
curing in galaxy clusters, theories of structure formation and how cos-
mological models can be constrained by large cluster samples.

OBJECTIVES

The students will acquire general
knowledge on structure formation in
the universe, how it is linked to cos-
mological models. They will also under-
stand how clusters can be detected and
characterized to infer cosmological con-
straints from next generation surveys
such as the Euclid ESA mission.

From a more practical side they will
know how to query data from large as-
tronomical databases, how to manipu-
late such data using Python astronom-
ical and cosmological libraries.

PREREQUISITES

Fundamental course linked/coming
in support to this METEOR: General
Relativity, Extragalactics and Cosmol-
ogy.

THEORY

by Christophe Benoist

This METEOR will address the fol-
lowing topics : multi-wavelength anal-
ysis of galaxy clusters, impact of en-
vironment on galaxy evolution, cluster
detection, proto-clusters, the Cosmic
Microwave Background, the Sunyaev-
Zel'dovich e�ect, theories of the for-

mation of large scale structures, linear
perturbation theory, spherical collapse
model, power spectrum, cluster counts
to constrain dark matter and dark en-
ergy densities.

APPLICATIONS

by Christophe Benoist

Estimate the mass of one or several
galaxy clusters based on a large pho-
tometric and spectroscopic galaxy sur-
veys or simulations (SDSS, Dark En-
ergy Survey, Euclid simulations). Com-
parison to other methods based on the
cluster gas or gravitational lensing.

MAIN PROGRESSION STEPS

Theoretical courses, paper presen-
tations and project works will be con-
ducted in parallel from the beggining.

EVALUATION

• Five oral presentations of key pa-
pers related to the theory (30%).

• Project work. The results ob-
tained by the student will be eval-
uated, with a particular empha-
sis on the degree of initiatives, of
critical analysis and the ability to
use the literature to put the work
into perspective (30%).

• Final oral presentation (40%).
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