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Clusters of galaxies

They form at the intersection of
the cosmic web

The greatest strctures to
decouple from the Hubble flow

Dimension of the order of the Mpc

Masses 10"4-10"> M., (75-90%
Dark Matter)
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Why Galaxy Clusters ?

* Clusters as cosmological probes:
structure formation and
cosmological parameters
estimate

* Clusters as astrophysical
laboratories: plasma physics and
DM properties




Clusters as cosmologlcal probes

‘Borgani & Guzze, 2081

N(M,z): Number of clusters of galaxies depends on the cosmological
parameters



Clusters as astrophysical probes

* |[CM is «the best proton-
electron plasma in the
Universe ever» (Cavaliere
& Lapi 13) because of its
large kinetic energy
compared to the
electrostatic energy

* |deal to study the
properties of DM

” A2142

Immagine XMM-Newton
Rossetti et al. (2013)



The Hot Universe and Athena

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

How do diffuse hot baryons accrete and dynamically
evolve in the dark matter potential?

How and when was the energy in the ICM
generated and distributed?

When and where are heavy elements produced and
how are they circulated?



X-ray spectroscopy

data and folded model
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High resolution X-ray spectroscopy

-~ Hitomi R=1300 (5 eV @ 6.7 keV)
L Goal of the XIFU R=2600 (2.5 eV @
6.7 keV)
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Extended Data Figure 1 | SXS spectrum of the full field overlaid with a CCD spectrum of the same region. The CCD is the Suzaku X-ray imaging
spectrometer (XIS) (red line); the difference in the continuum slope is due to differences in the effective areas of the instruments.

Hitomi collaboration 16




High resolution X-ray spectroscopy
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Dynamical assembly of clusters

Simulated Velocity map Ettori, Pratt, et al., 2013 arXiv1306.2322
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Dynamical assembly of clusters

Hitomi Collaboration - “V”, 2017
- : Barret et al .2016
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Constraints on HE mass bias

2=0.0, My, = 6.20 x 104
z=1.0, Ma2go. = 2.08 x 10™* _|
Shaw+ 10
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Constraints on HE mass bias

—— Nelson+14
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Al644
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Energy deposition in the ICM

Ettori, Pratt et al., 2013 arXiv1306.2322

DOk-sec WFI exposure: measures at R,
is emissivity, T, Z with 2, 3, 18% (90% c.l.

Abell 2142 |
spectrum at |
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Energy generation in the ICM
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Chemical evolution of the ICM

Abell 1795 (300 ks)
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Chemical evolution of the ICM
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AGN feedback in the ICM

Sanders , Croston et al. 2013 Barret et al .2016
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Challenges

National meetings started, Cluster | and Cluster Il: clearly there are
iInvestments to be made to exploit the future data:

 PLASMA PHYSICS

 HIGH RESOLUTION SPECTROSCOPY, both in terms of novel data
analysis methods and laboratory measurements



Challenges

Technological challenges:
* Mirrors
» Calibration

« Background: strategies to minimize and increase its reproducibility
INAF key role: IAPS (Macculi, Lotti) OAS (Fioretti) IASF-MI (Marelli,
Gastaldello, Molendi, Ghizzardi, Rossetti, De Luca) IASF-Palermo
(Mineo, Amato)



Known clusters
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eROSITA - Cluster Demography

~1,000 clusters with z>1, Mc,,>10 M.

Color code: Number of clusters in Log10
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The future is (X-ray) bright!
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