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From X-ray Clusters
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Basic principlée:

Two clusters at two different epochs
and - with different

Mmasses and

should be Identical once densities
and Sizes are scaled properly.



caling argument for
lusters:

Clusters are geometrically identical

With virial radius-mass relation

4
M = 590(1 +2)3(1 + A)R3

1.e.

B _3 3M 1
" Narpg(l+A)1 + 2




Mass-temperature relation:
I ec GIVI/r

whatever you do with gravity...

Hydrostatic equilibrium equation
Numerical simulations, Bryan & Norman, 1998




STATISTICAT PROPERTIEY OF K.EaY CLTUISTERS
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« Temperature-mass diagram » :
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\ass-| uminosity felation :
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bserved | emperature - uminosity ~elation




Conclusion at that point Is that

_ lusters are not
S,

I e B E—
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From X-ray Clusters




hat do you do with a cluster?

Fit




Method :

Ratio : fb = I\/Ib/I\/It

Observations [ I\/Ig, TX:> I\/It




Average baryon fraction :

10" 1000

J




Scaling of baryon fractions:

SLM




Comparison with simulations:




Three correcting factors:

¢ Mass estimator

Ligrlolnlef o inleiefe

) Olter errllss)orn




Actual comparison :




Conclusion :
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X-ray properties of distant
SHARC clusters
for Cosmology
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remarkable convergence

with = 0.65 + 0.28

In full agreement witht ASCA (Sadat et al., 1998;
Novicki et al., 2003;...), Chandra (Vikhlinin et al, 2002),
new XMM analysis/(Koetev: & Vikhlinin, 2005)
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From X-ray Clusters

Sl ONNEECH ONEYO) o)
Ir)trie AV C-org)ect

(Sadat et al., 2005, A&A)



aryon Fraction @z =0




aryon Fraction @ z =0

R2 000 in Vikhlinin, Forman, Jones 1999 (~35-45%

Rv)



aryon Fraction @ z =0

RV in Vikhlinin, Forman, Jones 1999



aryon Fraction @ z = 0.6

Internal structure
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Conclusion at that point Is that

_ lusters are not
S

I e B E—



aryon Fraction @ z = 0.6




aryon Fraction @ z = 0.6




aryon Fraction @ z = 0.6




aryon Fraction @ z = 0.6

T (LaV)




aryon Fraction @ z = 0.6




L1kelihood analysis:

N
n =%
UL

(Ferramacho et al., 2006, submitied)



| heory of
the mass function




Basics

Matter = random field;

o mathematically ill-behaved...



1. Thefield iIssmoothed = p Isconvolved:

with a window function:

[ Wi(w)du =1

the smoothed field:




Variance of thefield:

EXx: top-hat window:

Wglu)=1/V for |u|< R
Wg(u)=0. for |u|>R

VI ass assoclated:




2. Nonlinear model

- l[inear overdensity




3. Mass function:

- trivially (1): dV will bein an object with
mass> M If included in a NL fluctuation
of FRwith radius> R

-0 . oo )
~mn{m)din =p f Fs(8)s(8)dd ~ p Fs(8)dd

ddp i,



or (sharp threshold):

oG

_ :rr.r.n{m)d:rn =7

SO g,

and just take the derivative...



the mass function:

lno

N(M) = —L(SNL F(vnr)

M2¢(M) " “InM

nor malization condition:

‘+I:x:] . .
] mn(m)dm =
0 _

1
P



Press and Schechter (1974) used:

2 V2
F(v) = \/;exp(‘—?)

maj or recent Improvements:

oA
:7-'(:;):\/ z_li exp(—0.547) (1. + (1./(A)*)9)

w

With A=0.707 C=0.3222 Q = 0.3

Sheth, Mo, fermen 2004 MINRRAS, 32311
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Checking N(M)
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Jenkinset al., 2001 MINRAS, 321, 372



Checking N(M) (2)

Jenkinset al., 2001 MINRAS, 321, 372



Conclusion

Reliable description
O the mass functienin
plLiprlerlezl sleritlizilens, .




from  -ray clusters:

F(v), Qu, P(k) L', og]




A revised estimation of the local N(T)

BCS Converted




from <-ray clusters




elf-consistent baryon
fraction




all together:

Blanchard & Douspis 2004
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From X-ray Clusters




CYEEMT

VIRGO simulations




Principle
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Estimated N(T) at z= 0.33
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Likelihood on Qm
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From X-ray Clusters

Vauclair et al, 2003
A&A 412, .37

BOO clusters with
z> 0.3




N(T, 2)dTdV (z
V(>T NV (2)




FN5S coninss V= Ohservalion

made| 11

EHARLC enunta V= Ohacrrnbion
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RLCS pounte Ve Obeervalicn

RDCS: 50 deg?
fx = 3. 10™ erg/s/cm?

MACSE coun:s Ve Obeervakion

MACS: 22 000 deg?
fx = 10™ erg/s/cm?




L1kelihood analysis:

0.5

(Vauclair S., 2004)

Q =099%015%0.15



Conclusions ?

trong - volution in the abundance of x-ray

clusters appearsfrom all existing surveysin a
very way.

his provides a strong argument in favor of

a highi matter density... ©

onsistent withif_ evolution ... )



et an other




<1ll the V/ass- | emperature (- elation :

I oc GMI/K+ ... e GIVI/K/{HH7)

|.e. ~ forget gravity...




FN5S coninss V= Ohservalion
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EHARLC enunta V= Ohacrrnbion
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oncordance
works |



Breaking the degenracy...

Toe GM/Ir L 7 o o L







Conclusion:

trong ' volution in the abundance of x-ray
clusters appearsfrom all existing surveysin a
very way.

his provides a strong argument in favor of

a high matter density... ©

onsistent with f_evelution ... ©

onsistent with f, amplitude ... ©

N -Insteim- e Sitier univense, why not?



An 1nstein- e 1tter universe,
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Fower spectrum, z-—0
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SIL OAN red galaxies
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coustic peak ?
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Conclusion

> " lusters do not fit well in the concordance model

I.e. favoringan Instein de itter ...
AN

LOAN LSS excluaes eds

‘[rounlestrom clust



