he new vision on high
redshift clusters with
clusters scaling laws
at



Clusters:

Optical light = Stellar masses + metals
= velocity dispersion total mass
= lensing total mass

X-ray light = imagery gas mass
= spectroscopy total mass+ metals
SZ = pressure gas mass

2-10keVe M ~10°M & R ~ 5-20 h"Mpc
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caling argument for
lusters:

Clusters are geometrically identical

With virial radius-mass relation

4
M = —po(1+2)3(1+ A)R;

1.€.

B _3\/ 3M 1
V_
Arpo(l 4+ A)1 4+ =z




|\lass- | emperature ' elation :
foc GV

whatever you do with gravity...

)/J (_(‘)A)UJ(

Numerical simulations, Bryan & Norman, 1998




STATISTICAL PROPERTIES OF X-BAY CLUSTERS
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Principle
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~-ray clusters allow
precision




Estimated N(T)atz 0.05
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from <-ray clusters

Flat model .Qm =0.3







Vlass-| uminosity " elation :

L ~ B M4/3 Q1/6A7/3(1_|_Z)3.5




bserved | emperature -| uminosity < elation

IL ocl = standard scaling for L-T
“ R and. /s evolution...




X-ray properties of distant SHARC clusters
for Cosmology
with a complete flux: limited survey.
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remarkable convergence

withh = 1.52 0.28

in full agreement witht ASCA (Sadat et al., 1998; Novicki et
al., 2003....), Chandra (Vikhlinin et al, 2002), and more

recent XIMIMI analyses, (Kotoy: & Vikhlinin, 2006; Maughan
et al. 2006)



. umber counts:

Vauclair et al, 2003







EMSS counts Vs Qbservation SHARC counts Vs Observation

model B

ol 'I""I * ML |
—p-— :

160deg counts Vs Observation 180deg counts Vs Observation
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model B




RDCS counts Vs Observation

RDCS: 50 deg?
fx ~3. 10" erg/s/cm?

MACS counts Vs Observalion

MACS: 22 000 deg?
fx ~ 107" erg/s/cm?

modél A




Likelthood analysis:

0.5

(Vauclair et al., 2004)

Qm — (0190 == ORS00 1S



onclusion at that point 1s :

lusters observations are
Inconsistent with
self similar models 1n
concordance cosmology!



1ll the V'ass- | emperature | elation :

Fec GIVI/x + ... oc GIVI/3/(057)




RDCS: 50 deg?, fx ~3. 10" erg/s/cm?

RDCS counts Vs Observation

Concordance model

_|_
Standard M-T scaling law

MACS « sunts Vs Observation

Concordance model
_|_

Revised M-T scaling law

" modél A

0.1 4 :
0.0 0z 0.4 0.8 0.8 1.0 1.2 1.4

MACS: 22 000 deg? fx ~ 107" erg/s/cm?



I () From X-ray

Clusters




hat do you do with a cluster?

Declination

Fit
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arvon Fraction (@ z =0

Tx < 2kev




aryon Fraction (@ z =0

0 i Vikhlinin, Forman, Jones 1999 (~35-45% Rv)



aryon kFraction @ z = 0

RV in Vikhlimm, Forman, Jones 1999



aryon Fraction (@ z = 0.6




arvon Fraction (@ z = 0.6




arvon Fraction @ z = 0.6

Internal structure

gas fraction

1S complex...




arvon Fraction (@ z = 0.6




aryon Fraction (@ z = 0.6




aryon Fraction (@ z = 0.6




oncordance works !



Breaking the degenracy...

T« GM/x ||

7) e o /(]

Z,






Conclusions 1

trong volution in the abundance of x-ray

clusters appears from all existing surveys in a
very. way.

his is inconsistent with standard scaling laws

in concordance model... @

onsistent with fb evolution ... @

onsistent with £ amplitude... ©



Conclusions 11

his could require a major

revision of standard scaling of M-T (z)
i.e. Tx # GM/r

New cluster (astro-)physics ?

o sign of it in observed clusters...



