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How do galaxy clusters appear?

On the X-ray morphology of the CHEX-MATE galaxy clusters
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THE MATCH

The costrain on the cosmological parameters are provided by:

Galaxy cluster
distribution in mass and
redshift

Cosmic Microwave
Background
(CMB)




THE MATCH

The telescope Planck revealed the presence of a tension between

Cosmic Microwave
Background
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the two estimations
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RASS+WLG MF+fgas (Mantz+15) Galaxy cluster
SPT (Bocquet+18) distribution in mass and
SPT (de Haan+16) redshift
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THE MATCH

Let’s investigate the possible explanations:

SCENARIO A - Error from the theory

Need of a “hew physics”? E.g.: a summed
neutrino mass higher than the minimum
mass (~0.06 eV), modification of gravity...




THE MATCH

Let’s investigate the possible explanations:

SCENARIO A - Error from the theory

Need of a “hew physics”? E.g.: a summed
neutrino mass higher than the minimum
mass (~0.06 eV), modification of gravity...

Systematic uncertainties related to: the
estimation of the mass, selection effects,
strumental calibration or modelling issues.



THE MATCH

Clusters of galaxies are detected through their observable barion
signatures and this involves at least two issues:

X-ray & s P oL _Obtic%l SZ
.'. : “" a Yo *
oo ...‘ -
. F. R v o

. . .' y A
» A 5,
‘ VI SR
o » -

ABELL 1835



THE MATCH

Clusters of galaxies are detected through their observable barion
signatures and this involves at least two issues:

-—

Which is the relation between the
observable and the true cluster mass?



THE MATCH

Clusters of galaxies are detected through their observable barion
signatures and this involves at least two issues:

-—

Which is the relation between the
observable and the true cluster mass?

samples of are
needed to reduce the uncertainties in
the absolute mass calibration.



THE MATCH

Clusters of galaxies are detected through their observable barion
signatures and this involves at least two issues:

el T~

Which is the relation between the How representative are the samples
observable and the true cluster mass? that we are using for our analysis?
samples of are

needed to reduce the uncertainties in
the absolute mass calibration.



THE MATCH

Clusters of galaxies are detected through their observable barion
signatures and this involves at least two issues:

el T~

Which is the relation between the How representative are the samples
observable and the true cluster mass? that we are using for our analysis?

samples of are samples are needed to

needed to reduce the uncertainties in investigate the properties of the true

the absolute mass calibration. underlying cluster population.



THE MATCH

—-=-- Ecliptic Plane i Euclid ROI PSZ2 Mask
Y¢ Deep lensing data i === UNIONS XMM visibility < 55ks

CHEX-MATE: The Cluster HEritage project with XMM-Newton - Mass
Assembly and Thermodynamics at the Endpoint of structure formation

o I

What is the absolute cluster mass What is the ‘true’ underlying cluster
scale? population?



THE STRATEGY

An XMM-Newton Multi-Year Heritage program

3 Ms over the period 2018-2021 to survey
homogeneously with XMM 118 clusters detected by

Planck at high S/N (>6.5):
census of the cluster population at most
recent time;
most massive systems to have formed
o) far in the Universe.

A low and intermediate redshift anchor for cluster
evolution studies.

Planck PSZ2
SPT
ACT

0.25 0.50 0.75
Redshift

The CHEX-MATE coll. 2021



THE STRATEGY

OPTICAL AND LENSING DATA X-RAY DATA RADIO DATA
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SZ DATA SIMULATIONS
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THE STRATEGY
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LET’S START TO PLAY: CHARACTERIZATION OF THE
X-RAY MORPHOLOGY OF THE SAMPLE
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Characterise the ICM distribution of the CHEX-MATE clusters with the analysis
of both variations of integrated quantities and local edges and discontinuities



THE DATASET

XMM-NEWTON observations

MORPHOLOGICAL Images produced by I. Bartalucci (INAF-IASF Milano): ANALYSIS OF EDGES
ANALYSIS - exposure corrected and background subtracted, AND
- filteredinthe 0.7-1.2 keV band, DISCONTINUITIES
- point-sources masked.
Simulations Chandra archival observations
(more than 450 objects) (102 objects)
Images provided by E. Rasia (INAF-OA Trieste) as part Images reprocessed by R. Duffy (Bristol University):
of the Three Hundred Collaboration: - exposure corrected and background
- filtered inthe 0.7-1.2 keV band; subtracted;
- redshift 0.0 < z< 0.59. - filteredinthe 0.7-2.0 keV band,
- point-sources masked.




THE MORPHOLOGICAL ANALYSIS OF THE SAMPLE

RELAXED DISTURBED
Estimation of the cluster total mass from X-ray Study microphysical processes such as turbulence
images. or particle acceleration mechanisms.



THE RULES : visual classification

Seven astronomers involved to reduce the of the method.
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THE RULES : visual classification

Seven astronomers involved to reduce the of the method.

Relaxed% Mixed Disturbed

18 Relaxed (15 %)
32 Disturbed (27%)
68 Mixed (58%)
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THE RULES : morphological parameters

CONCENTRATION (c) CENTROID SHIFT (w)

POWER RATIOS

e T~

P20 P30
ellipticity asymmetries and substructures



MORPHOLOGICAL ANALYSIS : correlations

@ Disturbed
@ Relaxed
@) Mixed

e Good correlations;

® ¢, w are the best parameters for
the detection of the
and population.
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MORPHOLOGICAL ANALYSIS : correlations

No correlation with mass and redshift
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MORPHOLOGICAL ANALYSIS : correlations

@ Disturbed
@ Relaxed
@) Mixed

e Good correlations;

® ¢, w are the best parameters for
the detection of the
and population.

-10

-6
log(P30) log(Pzo

-4




MORPHOLOGICAL ANALYSIS : simulations

GADGET-X

THE THREE HUNDRED: a set of 324
cluster-centric regions of 15 Mpc/h. GADGET X
hydrodynamical simulations which include the

description of:
e Artificial thermal diffusion;
e Time-dependent viscosity;
e Gas cooling with metal contributions;
e Star formation with chemical enrichment

and feedback from stars in the
asymptotic giant branch;

Supernovae;

e Active Galactic Nuclei.

500 [kpc/h]
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MORPHOLOGICAL ANALYSIS : simulations

* Disturbed
* Relaxed
24¢ Mixed
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COMPARISON WITH SIMULATIONS

—— Observations
Simulations
—-== Sim with bkg




COMPARISON WITH SIMULATIONS

Presence of particles with high SPH density
in the central regions (<40 kpc) of the
simulated clusters, due to the action of the
isotropic feedback from AGNs — Higher
concentration observed.

CLOO074.1

CLO154.1

C C=0.50

C=0.53

CL0010.1

CLO093.1

®

C=0.68

C=0.63



COMPARISON WITH SIMULATIONS

CLO074.1 CLOOT0O c=0.68
Presence of particles with high SPH density
in the central regions (<40 kpc) of the

simulated clusters, due to the action of the

isotropic feedback from AGNs — Higher CLOYBA. 4
concentration observed. s CL0093.1
C=0.53 C=0.63

'Q
more investigations

SIMULATIONS needed o OBSERVATIONS




COMPARISON WITH SIMULATIONS

SIMULATIONS OBSERVATIONS

Match between 28 CHEX-MATE objects and simulations
selected with the following criteria:

e Closestz;
e Ms00x10%;
e Closest 3 clustersinthec-wplane.



COMPARISON V\’/)ITH SIMULATIONS

SIMULATIONS - OBSERVATIONS

D PSZ2G055.59+31.85 .
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COMPARISON V\’/)ITH SIMULATIONS

SIMULATIONS - OBSERVATIONS




COMPARISON V\’/)ITH SIMULATIONS

SIMULATIONS - OBSERVATIONS

J PIZ2G12420-36.48™ ¢




COMPARISON V\’l)ITH SIMULATIONS

SIMULATIONS - OBSERVATIONS
Y § @26124;(')'-3.6.48" 9

The combination of the morphological parameters is a powerful tool for the
description of the X-ray morphology of clusters



MORPHOLOGICAL ANALYSIS : combining the parameters

Construction of the parameter M (e.g. De Luca 2021):
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MORPHOLOGICAL ANALYSIS : combining the parameters

Comparison between the classification based on M
and the visual classification.
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15 (12.7 %) S

25 (21.1%)

78 Mixed (66.2 %)




MORPHOLOGICAL ANALYSIS - CONCLUSION

e We performed a morphological analysis of the sample using four
morphological parameters: C, w, P20 and P3o;

e Correlation between the morphological parameters, but NO
evolution with MERS and redshift;

e 15 objects are classified as most relaxed (12.7 %) and 25 as most
disturbed (211 %);

e Good agreement between observations and simulations, for the
exception of the concentration— Limits in the description of the
core?

CHEX-MATE: Morphological analysis of the sample
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