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ATHENA How does ordinary matter
assemble into the large scale
structures we see today?

THE HOT UNIVERSE

A hierarchical process, gravitation driven
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ATHENA Formation of groups and clusters
and baryons physics
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ATHENA Athena Key questions

How do the mechanisms that govern the physics of hot gas
iImpact the process of the formation and evolution of large
scale structures ¢

— What is the interplay of galaxy, SMBH and the intergalactic medium in
groups and clusters of galaxies?

— What are the processes driving the chemical enrichment of the Universe at
large scales?

— How and when did form the first galaxy groups binding a hot gaseous
atmosphere@¢
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ATHENA  Evolution of cosmic feedback in
clusters and groups

How and when was the energy contained in the hot intra-cluster
medium generated?
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ATHENA Evolution of cosmic feedback in
clusters and groups

How and when was the energy contained in the hot intra-cluster
medium generated?
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Evolution of cosmic feedback in

How and when was the energy contained in the hot intra-cluster

medium generated?
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ATHENA Evolution of cosmic feedback in

clusters and groups

How and when was the energy contained in the hot intra-cluster
medium generated?

Courtesy of H. Bourdin, H, Rasia, P. Mazzotta
(in Pointecouteau, Reiprich et al., 2013)
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ATHENA Evolution of cosmic feedback in
clusters and groups

How and when was the energy contained in the hot intra-cluster
medium generated?

Courtesy of H. Bourdin, H, Rasia, P. Mazzotta
(in Pointecouteau, Reiprich et al., 2013)
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ATHENA Chemical enrichment of the intra-
cluster medium

When and how were the largest baryon reservoirs in galaxy
clusters chemically enriched?

lron abundance measurements
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Abundance error [solar]

ATHENA Chemical enrichment of the intra-
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ATHENA Chemical enrichment of the intra-
cluster medium

When and how were the largest baryon reservoirs in galaxy
clusters chemically enriched?
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ATHENA Finding the earliest galaxy groups

A few tens of spectroscopically confirmed clusters beyond z=1
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ATHENA Finding the earliest galaxy groups

Need for a representative sample of the population of groups and clusters

X-ray selected
e.g., eRosita
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ATHENA Finding the earliest galaxy groups

Testing astrophysical cosmology at the largest scales

As a way to constrain models of
large-scale structure formation, find
the first building blocks of the dark
matter structure filled with hot gas.

Athena will be able to detect ~
groups with mass Mgy, > 5 x 103 M,

at z>2. And measure T of ~50% of
them
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Athena Simulation
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ATHENA

How does ordinary matter
assemble info the large scale
stfructures we see todaye¢

Constraint the processes driving the evolution

of the physical properties of dark matter and
hot gas in groups and clusters of galaxies.

Characterise the content of the first groups
and clusters formed in the Universe and
understand how super-massive black holes,
galaxies and hot gas co-evolve.

Search for the first collapsed massive halos
retaining a hot gaseous atmosphere through
their X-ray emission.
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