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Scaling relations & Cosmology
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relaxed and disturbed systems | Y I BN
populate different regions of the & £ HELTL
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relations better done with
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note that recent studies disfavor strong
departure from HE for relaxed clusters
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03 04 05
Cluster Redshift  see also Israel+14

Goals and Eckert talk
* simple criteria to identify the most relaxed (or most
disturbed) galaxy clusters from a sample

* study the dependence on the cluster properties



Morphological parameters

® central density n.
® cuspiness a rofiles |
® concentration ¢
® Gini coefficient
®centroid-shift w |

images

® power ratios P3o-P40
®cllipticity




® central density ne
@ cuspiness a

® concentration ¢

® Gini coefficient

® centroid-shift w

® power ratios p3o-r4
®cllipticity

)

Morphological parameters

more sensitive to
the core properties
of the clusters

more sensitive
to the presence
of substructures



Sample
Planck All-Sky Early SZ (ESZ) . = o

[ observed

Cluster Sample: 188 objects = ru<rov

30;
4

20

redshift<0.55

mass range 1.7x1014-1.6x10"° Mo,  *

14.2 14.4 14.6 14.8 15.0 15.2

155 observed with XMM-Newton Co
(5 completely flared) = e,

120 clusters Rsoo<FOV Romerov |

+  full sample | |

0.3 0.4 0.5 0.6
redshift



C

Gini

Parameters

»=0.86 r=0.85 »=0.65 r=0.71
10°
8n h.:.}o
- *'5%%;‘0
LR A
102
p=0.71 r=0.71
10°

w

P30

p=-0. r=-0. < t[p=0. r=-0.
0.25 0.39 0.00 0.30
: 107
10t . .
H:.L'T - 10°® e
— ;..';’;@’ . bﬁq* g fI
R L SO 1077 t 3 :
1072 I [ B! %‘ Bl
IR R f
}f' 1
3 i
10 107
p:- . r=-0.
0.44 0.53
10-1 . . ‘ » P
i HI.H.;,}:.'._“
1072 AT rap
i : ig"l'é%.
5
f E}' [}
3 i
10 107
[p=-0.35 r=-0.40
101 .
mTE R
102 e
L0 o
F f % &
107 : z

obtained within

Rs00 using the 120 clusters

that entirely
XMM FOV

fit with the

r=0.53

p=0.63

.

i

.N}E}

A5

P40

5 (87
p=0.00 r=-0.29 p=0.69 r=0.81
10 0 -
10 R

107 okl

. g
10° 107H) T e
10°

-10 10-2
10 102

0 — .
10 P 1
MR I
)
toi OV
[T

107, e

»=0.49 r=055

10"

»=0.35 1=0.42

10° BRI
107 nl R
M’“.::"N_ 1;. ">_._<
108 107" %W :mw L
10°° -
10°1° 107
1073
©»=0.61 r=0.45 »=0.08 r=-0.27
-6
10 * . ey :|.00H
107 "y }
108 (e f 1
TS i 10
10°° i l —
_1()% 10-2
10 1073 E 10 1073 107 10
107
»=0.99 r=0.56 p=0.45 r=-0.21
10
. R
107 e %:f‘
10°®
10'9:‘#;
10 107

1
10°10%10710°107

10°

10!

102
101%0710%10710°

0710%10710°10>

p=0.46 r=-0.20

10°

10°

10°

10°

1073

10°10%10710°107

10°

ell

»=0.06 r=0.09

J— 'ﬁé”:
Yo Eid, o,
R e
;s»?}-y.é'i : .
]

10~

p=0.16 r=0.17

El 5 o e
e
x T 3T, -T.
H s I SO
PSR

=

10™

p=0.24 r=0.26

Fasy — -*il.,"" --u“
PR
e .19@'»{»: e »f.
.

‘p=-0.59 r=—O.47\

- ;i“ '-%!-'.r :f
. ig

«Fe
.

107 10

[p=-0.51 r=-0.50|

Gini

P30

[p=-0.50 r=-0.43]

10

1907°10°10710°®

p=-0.16 r=0.01

P40

10° s -
i ;i .§‘é-‘_§.§"

3 p i ;:L: ;‘F{.

¢ 3

107 10° 10°



C Gini W P30 P40 Q ell

-5
10°/[=0.86_r=0.85 =065 r=0.71 (=025 r=-0.39] | 5|[=0.00 =030 107 =6.00 r=-0.29 7=0.69 r=081 »=0.06 r=0.09
107 ' ’ 10° 0
o .o 10 ,a
: Ly 107 ,~§§%s 10°
10° "I:':r:?;ﬂ&%‘:' 8 AL,‘W MR | @t‘ r'i
107 10 10 7 i
Cate PR Wt
A | “fgifij; 10
. “"‘?‘ htom
167 107 10'ZE 107 = 107 107
5
=071 1=0.71 [=0.44 =053 10 =049 =055 =016 1=0.17
101 10°® ) B —
T e 2t 10 T R
L e 107 TR *{"” 10° .., . e
10° NS . . . Tas S L
N 1072 . .“i;:i:“:‘ 108 1071, . . ot ot i‘gﬂ'}%‘ﬁ 8
R b gf‘x%‘“ 10 h i
. R CE I‘ i
PR 3 i 410 102
107 . 107 10 107 107
5
=035 r=-0.40 5|[[=034 =037 10 =035 =042 =024 1=0.26
107
1 " 10
R A © ° 10° R o
o neE 10 ;%'* 107 W 3T 1000,
S " R S G
PR A 1071 i%:@ *a . 8 S T ﬂﬁ%?*‘f% ”@
1072, w0 F? 10° 10 2T e . it
BeTLEE 00 MT Eﬂ v o “
o i
107 : w107 1010 102
107
»=0.61 ,=0.08 r=-0.27 [=-0.59 r=-0.47
-6
. . . 10 10°F s:.:“?gkif -
107 TR 10°}
Parameters obtained within 8 TEN e
107} + 1071 et Taed W ’Ifi
' he 120 clust -
Rs00 using the clusters l
500 g 107103 1073 1072 10 1073 1072 10
° [ 10-5
that entirely fit with the [ ) e
10 o o
XMM FOV ol | R
-8 B Lo T3 .
10 10— L
10°F L o
1o IT 102 ! /
10°10%10710°107 10°10%10710°107 10°10%10710°107
»=0.46 r=-0.20 [)=-0.50 r=-0.43|
sl 10°L,
Alth h the diff t plot h = 5

significant intrinsic scatter, the expected e

p=-0.16 r=0.01

correlation between several parameters et
can still be observed

1117

Wml

107 10° 10°

Gini

P30

P40



Finding the most relaxed clusters

visual classification relaxed semi-relaxed
by 6 astronomers with
grade 1-4

relaxed mean grade <2
disturbed mean grade >3
“mix” all the others

Robustness tests

e repeated classification
Orel,dist=0.12 Omix=0.37

o I’GO’UCG /'mage qua//z‘y semi-disturbed disturbed
0=0.14
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Finding the most relaxed clusters
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Finding the most relaxed clusters

Par relaxed disturbed
Ly Cr Pr Peat L Ca Pa Pext
ne | >6.0e-3 0.97 0.71 041 | <3.1e-2 1.00 0.49 0.27
ne | >2.0e-2 0.39 0.8 0.56 | <7e-3 0.54 0.94 0.58
w <2.1e-2 1.00 0.84 049 | >1.0e-2 096 0.73 0.36
w <l.2e-2 0.82 097 0.61 | >1.8¢-2 0.82 0.92 0.50
& >0.15 1.00 0.84 048 | <0.22 0.89 0.64 0.35
& >0.27 0.53 1.00 0.67 | <0.15 0.75 1.00 0.57
Gini >0.6 095 0.69 040 | <0.75 1.00 0.54 0.28
Gini | >0.74 045 094 0.68 | <0.60 0.43 0.86 0.48
P30 | <1.0e-7 0.89 0.77 0.45 | >2.0e-8 0.93 0.57 0.31
P30 | <2.0e-8 0.47 0.90 0.58 | >2.0e-7 0.54 1.00 0.78
P40 | <1.5e-8 0.89 0.87 0.57 | >5.0e-9 0.93 0.58 0.30
cusp | >0.10 0.97 0.64 0.35 | <1.00 0.93 0.44 0.24
ell >0.70 095 0.72 043 | <0.80 0.86 0.69 0.37
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Finding the most relaxed clusters

10°

Par relaxed 09 i |

Cr P, Pea A4 oo
c—w >0.15 <2.1e-2 | 1.00 0.98 0.59
c— P30 >0.15 <2.0e-7 | 1.00 0.90 0.54
c — P40 >0.15 <5.0e-8 | 0.97 0.93 0.54
c—ell >0.15 >0.70 [ 0.95 0.92 0.60
Ne — W >6.0e-3 <2.1e-2 | 0.97 0.88 0.55
Ne — C >6.0e-3 >0.15 | 0.97 0.84 0.49
P30 —w | <1.0e-7 <2.1e-2 | 0.90 0.90 0.56
P30 — P40 | <1.0e-7 <5.0e-8 | 0.90 0.79 0.47

Par disturbed

La Ca Pa Peat
c—w <0.28 >1.2-2 [ 096 0.90 0.47
Ne — W <3.le-2 >1.2-2 (096 0.84 0.44
Ne — C <2.0e-:2 <0.25 | 093 0.62 0.33
c—ell <0.25 >0.35 | 093 0.62 0.33

combining centroid-shift
and concentration provides
complete and clean sample
or relaxed clusters



Finding the most relaxed clusters

Par relaxed

Cr Pr Peat
c—w >0.15 <2.1e-2 | 1.00 0.98 0.59
c— P30 >0.15 <2.0e-7 | 1.00 0.90 0.54
c — P40 >0.15 <5.0e-8 | 0.97 0.93 0.54
c—ell >0.15 >0.70 | 095 0.92 0.60
Ne — W >6.0e-3 <2.1e-2 | 0.97 0.88 0.55
Ne — C >6.0e-3 >0.15 | 0.97 0.84 0.49
P30 —w | <1.0e-7 <2.1e-2 | 0.90 0.90 0.56
P30 — P40 | <1.0e-7 <5.0e-8 | 0.90 0.79 047

Par disturbed
Ly Ca Pa Peat
c—w <0.28 >1.2-2 | 096 090 047
Ne — W <3.le-:2 >1.2-2 | 096 0.84 0.44
Ne — C <2.0e-2 <0.25 | 093 0.62 0.33
c—ell <0.25 >0.35 | 093 0.62 0.33

combining centroid-shift
and concentration provides
complete and clean sample
or relaxed clusters
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Cluster properties and morphology

Total mass
The hierarchical structure formation model predicts massive clusters to

form through episodic mergers statistically one might expect to
find the most massive objects in a more disturbed dynamical state




Cluster properties and morphology

Total mass

The hierarchical structure formation model predicts massive clusters to

form through episodic mergers

statistically one might expect to
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Cluster properties and morphology

Total mass
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Cluster properties and morphology

Total mass

The hierarchical structure formation model predicts massive clusters to

form through episodic mergers

statistically one might expect to

find the most massive objects in a more disturbed dynamical state
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Cluster properties and morphology

Total mass

r=Spearman p=Pearson
Rs00 0.5R500

Relation r p-value P p-value r p-value P p-value
Mj500-C 0.14 0.09 0.06 0.44 0.09 0.27 0.03 0.70
Ms00-w 0.04 0.62 0.07 0.42 0.07 0.38 0.14 0.09
Ms500-1e 0.28 <0.01 0.15 0.06 0.28 <0.01 0.15 0.06
Ms500-Gini | 0.41 <0.01 0.35 <0.01 | 0.10 0.24 0.05 0.58
Ms00-cusp | 0.00 0.97  -0.05 0.59 0.00 0.97  -0.05 0.59
Ms500-P30 | -0.15 0.11 -0.06 0.48 0.10 0.25 -0.07 041




ESZ vs REXCESS

Why comparing SZ and X-ray selected samples?
CC and disturbed systems occupy distinct regions in the L-M plane (e.g. Pratt+09).

X-ray flux-limited surveys are thought to preferentially select relaxed, centrally peaked, galaxy
clusters. Planck-selected clusters are thought to be in general more morphologically unrelaxed.

Recent studies:

Rossetti+16,+17 ; Andrade-Santos+17 found that X-ray selected samples tend to be more relaxed than
Planck SZ selected clusters.

Nurgaliev+16 did not find significant differences in the observed morphology of X-ray and SPT SZ
samples.
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ESZ vs REXCESS

Ne probably affected by selection bias
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Summary

®(Concentration and centroid-shift are the parameters that perform better
in 1dentifying relaxed systems.

®Combining a parameter more sensitive to substructures (e.g. w, P30,
and P40) with a parameters more sensitive to the core properties (e.g.
n. and c) 1s a powerful way to get complete and clean samples. Best
combination c-w.

®ldentifying the most disturbed systems by using the morphological
parameters 1s 1n general more difficult than identifying the most
relaxed ones.

® Apart from the central gas density and Gini coefficient, there 1s no
dependence on the morphological parameters with Myot.

® Samples of SZ selected clusters tend to be more dynamically disturbed
than the X- ray selected samples in agreement with what has been
found by other recent studies.



