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Introduction : Visions on clusters
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X-ray data : Gas, metals, temperature — Mass...

Alain Blanchard Clusters



Introduction

La Thuille 2012

Visions on clusters
A2319 by Planck

100 GHz

143 GHz

217 GHz

353 GHz

Alain Blanchard

Clusters




Introduction

La Thuille 2012

Visions on clusters
A2319 by Planck

100 GHz

143 GHz

217 GHz

353 GHz 545 GHz
SZ Signal : Gas mass x temperature — Mass...
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Introduction : Final word

Clusters are unique objects in astrophysics:

» Baryons content can be estimated
» Metals content can be estimated

» Mass content can be estimated

in redundant ways

— fundamental probes for cosmology
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Clusters Self-similarity from simulations:

fly=1, A=0, n=—1
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Cluster as cosmological tools

Clusters are almost self similar objects:

NFW profiles
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Cluster as cosmological tools

More recent simulations of Clusters:

Millennium Run

aaaaaaaaaaaaaa

Millenium simulation: much more detailled pictures...
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Cluster as cosmological tools

More from millenium simulation:
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Let's first define clusters...

From previous pictures, it is not clear...

By convention, clusters are defined as regions with contrast density
above some threshold:

< pe >

>1+Ath
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Cluster mass function

Let's first define clusters...

From previous pictures, it is not clear...

By convention, clusters are defined as regions with contrast density
above some threshold:

< pe >

>1+Ath

Pr

Which geometry (spheres, friend-of-friend, ...) ?
Which reference density (p,)? pu(2).pc(2)
Which reference contrast (Ayy)? Ay, 178, 200, 500, 2000...
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Cluster mass function

Press and Shechter (1974) formalism:

Clusters with mass > M arise from initial regions with mass > M
and initial fluctuation vo(M) above some threshold ds (PS used
spherical model)

PS works pretty well with O free parameter!

P dlogo ( s )
m2a(M) *dlog M~ *o(M)

Modern variants: Sheth and Tormen (1999), Jenkins et al. (2001),
Tinker et al. (2008), Crocce et al. (2010) ...

N(M) =
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Borgani et al. (2000)
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r mass function

Borgani et al. (2000)
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Jenkins et al. (2001)
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Cluster mass function

Jenkins et al. (2001)

0.4 |-
2 _
2% =02
Ty p
: I
=1 ©
=T N
5 = 0
%6 ‘ s
« | \ \ ] < L
~ . | =
= | X g2 L
= ' =
= = |-
g | A 50.2
8- V1 H
[ b [
L L4 o4 b
TR g L
P P P | I NP Y - P P TR Y PRRTR I T
-4 ~0.5 0 05 1 -1 -05 0 0.5 1

Ing~?

Alain Blanchard Clusters



La Thuille 2012

Cluster mass function

Tinker et al. (2000)
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Cluster mass function

Tinker et al. (2000)
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The potential of clusters mass function

p dlogo Js
NIM.2) = — i) % dlog M7 o (a))

estimation of o(M) < P(k)
estimation of (M, z)) — growing rate of fluctuations.
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Cluster mass function

The potential of clusters mass function

p dlogo s

NIM.2) = = o) diog M” (M)

estimation of o(M) < P(k)
estimation of (M, z)) — growing rate of fluctuations.
Test beyond geometrical characterisation of the universe.
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From mass to observables

Cluster mass M is not an observable quantity...
The self-similar hypothesis comes in (Kaiser, 1986).
The mass is :

_47T

Ma 3

Qmpo(1 +2)3(1 4+ A)RX
so that M and z are the only two numbers to characterize a

cluster. (you can add further ingredients like ¢ NFW concentration
parameter, v...)
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Application to the x-ray temperature:

GMp
T < —5—
x Ra
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From mass to observables

Application to the x-ray temperature:

so that:
T = AruM?3(1 + 2)(QmA /178)1/3

(this depends on the choice of p,).
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From mass to observables

Seems to work well:

STATISTICAL PROPERTIES OF X-RAY CLUSTERS
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Fitting N(T)
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From mass to observables: applications

Fitting N(T)

Xbaes(Sx > 2.2)
............ HA sample
Markevitch 98
RBCS Converted
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From mass to observables: applications

Measuring local matter fluctuations:
16 T T

6 8 10 12 14
Aty

Evard et al (2002), Pierpaoli et al. (2003), Seljak (2002), Vauclair
et al. (2003), Viana et al. (2003)
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From mass to observables: applications

Measuring local matter fluctuations:
146 T T T

6 8 10 12 14
Aty

Evard et al (2002), Pierpaoli et al. (2003), Seljak (2002), Vauclair
et al. (2003), Viana et al. (2003)
Consistency and degeneracy...
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From mass to observables: troubles...

Let do the same for the x-ray luminosity (Bremstrahlung):

L, x n2VT/?

leading to :
Lx o< M*3(1 4 2)7/? « T?(1 + z)

Observations leads to L, o T3!
Gas in clusters needs extra heating.

Alain Blanchard Clusters
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From mass to observables: not so much trouble?

Scaling of the gas content:

Scaled Emission Measure

0.01 0.1 1

r/[mw

So clusters may be self-simlar after all...
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Cluster gas physics

Rather than using clusters to constraint the Cosmology, why not
using the Cosmology to constraint the physical state of clusters ?
Let's assume:

T = AruM?3(1 + 2)(QnA/178)Y/3(1 + 2)@

Try to estimate A1y and a.

Alain Blanchard Clusters
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Cluster gas physics

ACDM (Q,,=0.317, 0,=0.842, h=0.669)
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Cluster gas physics
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Cluster gas physics

10" T
s SMT 4
10 - - - -Tinker
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Non standard evolution of M — T seems to be favored (P.Delsart & AB).
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Cluster gas physics

Use CosmoMC on SNla+P(k)+CMB + N(T)

Estimates parameters inclusing Ay and a:

Parameter WMAP+SNIa+P(k)
+X-ray (SMT) +Xray (Tinker) +X-ray+a (SMT)  +X-ray+a (Tinker)
[¢)] [} 3 @ 5)
Quh” 0.02226 £0.00052  0.02228 +0.00053  0.02228 +0.00052  0.0223 + 0.00055 0.0223 + 0.00054
Q. 0.12 +0.0033 0.1194 + 0.0033 0.1192 +0.0033 0.119 + 0.0033 0.1188 + 0.0031
2] 1.0381 £0.0025 1.0382 £ 0.0026 1.0382 £ 0.025 1.0381 + 0.0028 1.0382 +0.0027
T 0.081 +0.013 0.081 +0.013 0.081 +0.013 0.081 +0.013 0.081 + 0.014
7 0.956 +0.012 0.956 +0.012 0.956 +0.012 0.956 +0.013 0.957 +0.013
log(10'94,) 3.093 £0.031 3.091 £0.032 3.091 £0.032 3.09£0.033 3.091 £ 0.034
Ary - 7.503 £0.628 8.111 +0.708 7.596 + 0.676 8.278 £ 0.707
@ - - - —0.614 £ 0.155 -0.59+0.15
Qp 0.681 +0.018 0.684 £ 0.018 0.685 £0.018 0.086 £ 0.018 0.688 +0.017
Age 13.87 £0.11 13.85+0.12 13.85+0.11 13.85 £0.12 13.85+0.12
Qy 0.319 +0.018 0.315 +0.018 0.314 +0.018 0.313 £ 0.018 0.312 +0.017
Ty 0.843 £0.022 0.84 £0.022 0.839 £0.022 0.838 £ 0.022 0.839 £ 0.022
Zre 10.16 £ 1.16 10.16 £ 1.16 10.17 £ 1.19 10.15 £ 1.18 10.19 +1.28
h 0.668 +0.014 0.671 £ 0.014 0.671 +0.014 0.672 £ 0.014 0.673 +0.014
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Use CosmoMC on SNla+P(k)+CMB + N(T)
Estimates A1y and a:

A7r = 7.6 +0.67 keV and o = —0.614 = 0.155 (SMT)
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Use CosmoMC on SNla+P(k)+CMB + N(T)
Estimates A1y and a:

A7m = 7.6 £ 0.67 keV and o = —0.614 + 0.155 (SMT)
Arm = 8.3+0.67 keV and a = —0.59 £ 0.15 (Tinker)
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Cluster gas physics

Use CosmoMC on SNla+P(k)+CMB + N(T)
Estimates A1y and a:

A7m = 7.6 £ 0.67 keV and o = —0.614 + 0.155 (SMT)
Arm = 8.3+0.67 keV and a = —0.59 £ 0.15 (Tinker)

Evidence for M — T scaling law non-standard evolution.
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Consequences

Use scaling laws for the SZ signal:
Y oc Mg X Tg s0:

A(z,Qum

1/3
Y = 1.816.10 ¢ Ay fig M5/ 3/ <QM 178 )> (1+2)+e D2

Estimate anticipated number counts
However
Tg may # T, — &
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Cluster gas physics

Number counts:

Source counts Redshift distribution
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Conclusions

» Clusters are the only astrophysical objects of cosmological
relevance on which we have access to so much information.

» They are sensitive to the growing rate of perturbations.

» They can provide information on both cosmology and baryon
history

» Within the ACDM there are evidence for non-standard
evolution of the M — T relation, i.e. significant energy
injection at low redshift.
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