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Galaxy clusters: a unique

01 crossroads between
physics, astrophysics and
cosmology.

Hubble image of Abell 1689

Credit:NASA, ESA * .
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X-ray Chandra image of Abell 1689

Credit:NASA/CXC/MIT/H Peng et al.

Galaxy clusters represent the most massive, gravitationally bound
structures in the Universe. They are constituted mainly by Dark
Matter (D85%), that held together the baryonic components:
hundreds of galaxies and the hotay emitting gas"{D10"80),
known as the IntreCluster Medium (ICM). ICM is also responsible
of the inverse Compton scattering of Cosmic Microwave
Background (CMB), &unyaexvZel'dovicheffect.

SZ effect Planck map of Virgo Cluster
(DOI: 10.1051/00046361/201527743
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Gajaxy clusters: a unique Galaxy clusters provide a unique sight on many astrophysical and

physical processes, as gravity, the physics of plasma, star formation,
O 1 crossroads between galaxy evolution and their interaction with the environment, as
I I gravitational lensing of background sources and turbulence in the
phySICS’ aStrOphySICS and X-ray emitting ICM due to supermassive black hole accretion and
COsmOlOgy. active galactic nucleus (AGN) feedback.

Chandra Xayimage of Virgo cluste Multiwavelength image of Bullet cluster

NASA/CXC/Stanford/l.Zhuravleva et Rl. galaxy
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Galaxy clusters: a unigue
crossroads between
physics, astrophysics and

cosmology.
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Laying at the top of structures of matter on the largest scales,
galaxy clusters formation and evolution can be studied to

characterize the fundamental properties of the Universe itself, as
, the expansion rate of the Univer¥e

the fraction of mattem
and its acceleration due to the effect of the cosmological constant

nm , and the characterization of structure formation history.

Most of the cosmological
constraints are based on

the knowledge of the
clusters dynamical state.
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From Planck 2015 results

§

N(z,q) best fit (CCCP, « constramed)
N(z,q) best fit (CCCP, « free) i
N(z) best fit (CCCP, « constrained)
N(z) best fit (CCCP, a free) .
observed counts
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The method

Since clusters morphology is strictly related
to their dynamical state, one way to
establish it is through morphological
analysis on cluster maps from different
observations. Thanks to numerical
simulations, it is possible to select and tune
the best morphological estimators to
further apply in observations. For this
purpose, we used’he Three Hundred
Projectsimulations of galaxy clusters.

Simulated
cluster sample

Mgﬁg z)([;%}é’als 3D structure of
images galaxy cluster
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02 The sample

The Three Hundred Projeatonsists in
hydrodynamic simulations of 324 clusters with
a cosmology consistent with Planck
Collaboration et al. (2016). In this work we
analyzed 3240 clusters coming from 10
selected redshifts N [1ip&t op

Ihttps://the300-project.org/
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Dynamical state of

We describe the dynamical state of clusters using a set of well

simulated clusters: known dynamical indicators, combining them in a continuous

relaxation criterion and indicator of relaxation defined by Haggar et al. (2020) and using a
. g . |ti-class system.

classification. m

Dynamical indicatore: Relaxedclusters Disturbed clusters
Fraction in mass., B0 & Q 1 Q
indicator 0 B (w—h> y y ™

7
Centre of mass |=| =| | \ _
offset indicator Y Hybrid clusters

: Q - Q
0 :total mass inside a spherical aperture of radiis where density o T@) o T@)
drops] times the critical density: Y 7 & Y TP Y TP
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Number of clusters

Dynamical state of simulated
clusters: relaxation criterion
and classification.

Y andyY

The dynamical state depends on the explore volume
and the redshift of the clusters. Spherical radii used:
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Morpho|ogica| state of The morphology of Xay and SZ magsf clusters is studied with a

weighted averag® of a set of well known-Xay morphological

galaxy clusters. indicators, as done b@ialoneSi4 Ft ® dHAMy 0 X
Morphological indicator¥, used: All combined in a weighted average:
A Asymmetry parameteA; 0 i) (7 ¢))
A Light concentration parametes. v B ® w
A Strip parametelS ()

A Third order power ratid?;
A Gaussian fiG;
A Centroid shift parametew.

) |i | (% E}b“Y|

Where the weights reflect the 3D dynamical state prior: we use the
median (symbol ) p-value of the Kolmogore®mirnov (KS) test over the
different redshift.

Federico De Luca | 10€ongresso Nazionale SIF18th September 9
2020



i a The Three Hundred

. | ¥ BCG
Morphological state of * % Cluster #85 2=0.46 A
galaxy clusters. ‘ CentroidX

Peaky

Peak X

4 4 N

X 2 dddnbiningoptical information

with X-ray and SZmaps we use the
offset between the positions of the
Brightest Central Galaxy (BCG) and the
X-ray orwcentroids.

M=1.16
disturbed

R-band (SDSS)
X-ray (WFI-Athena) log-iso ! R

6.11e-006 1.22e-005 1.84e-005 2.45e-005 3.06e-005 3.67e-005 4.28e-005 4.90e-005 5.51e-005
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The combined) and the offsets parameters have a
relatively strong correlation with the dynamical

Morphological state of

galaxy clusters. state. From Spearman correlation coefficient:
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