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Abstract. We study the gas mass fraction behavior in distant galaxsteta observed within théMM — Newton Q project.
The typical gas mass fractiofg.s shape of high redshift galaxy clusters follows the globalhinferred at low redshift quite
well, once scaled appropriately : the gas mass fractioreasas with radius and flattens outward. This result is camdis
with the simple picture in which clusters essentially forgndvavitational collapse, leading to self similar struesifor both
the dark and baryonic matter. However, we find that the mearpggfile in distant clusters shows som@eliences to local
ones, indicating a departure from strict scaling. Assunainginstein-de Sitter cosmology, we find a slight deficit of gethe
central part of highe clusters. This result is consistent with the observed eimwiun the luminosity-temperature relation. We
quantitatively investigate this departure from scalingddy comparingfgasfrom a sample of nearby galaxy clusters (Vikhlinin,
Forman & Jones, 1999) to our eight high-z clusters. Withenltital sample, a moderate but clear variation of the antditf
the gas mass fraction with temperature is found, a trendabakens in the outer regions. Taking into account thesatiams
with radius and temperature, the apparent scaled gas naasi®ffis in our distant clusters still systematicallffeli from local
clusters. This reveals that the gas fraction does notlstfadtow a scaling law with redshift. This provides cluesutnderstand
the redshift evolution of the — T relation whose origin is probably due to non-gravitatigmalcesses during cluster formation.
An important implication of our results is that the gas fiactevolution, a test of the cosmological parameters, cad te
biased values when applied at radii smaller than the viadius. From ouXMM clusters, as well a€handra clusters in the
same redshift range, the apparent gas fraction at the xadils obtained by extrapolation of the inner gas profileisststent
with a non-evolving universal value in a high matter densitydel while in a concordance, model high redshift clustbons
an apparent highefg,s at the virial radius than to local clusters.

1. Introduction allow one to estimate the distribution of both the baryonic
and total mass components, a rather unique situation when
Clusters of galaxies are unique cosmological probes whase gt,dying structures in cosmology. In the simplest pictufe o
tistical properties represent major sources of informmatar |y rely gravitationally-driven formation of virialized siems
understand_ing .the history of structqre formation as wefoas |jke galaxy clusters, it is expected that such objects eff-
the determination of the cosmological parameters. X-ray OQmiIarity (Kaiser 1986). In this model physical propestief
servations are particularly relevant in this perspectéhey galaxy clusters obey scaling laws which naturally emergefr
the fact that there is no preferred scale and therefore tus cl
Send offprint requests to: R.Sadat ters of diferent masses should have identical internal structure
Correspondence to: rsadat@ast.obs-mip.fr
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when normalized to the virial radius. Furthermore, suchrint ~ We base our analysis on the XMM data obtained on a sam-
nal structure should be independent of redshift. Selfiaiity ple of eight distant clusters observed as part of XhéM —
applies to both the dark matter component and to the hot X—dgwton Q project, a systematiXxMM — Newton guaranteed
emitting intra-cluster medium (ICM). As clusters offidirent time follow-up of the most distant SHARC clusters (Bartlett
masses arise from fluctuations offdrent amplitude (relative et al. 2002). The high sensitivity ofMM — Newton allows
to the r.m.s. value), such a scaling is not expected to hold s to investigate emissivity in high redshift clusters bayo
actly. Furthermore, in cosmological modelsteient from the half the virial radius, a remarkable result (Arnaud et aD20
Einsten-de Sitter model, the strict self-similarity of #wgan- Our sample represents an homogeneous sample of eight bona
sion of the universe might be broken. Nevertheless numdide clusters with median luminosities between 2 and 18 10
cal simulations have shown that the relations between phyeig's (in an Einstein de Sitter cosmology with a Hubble con-
cal quantities expected from the scaling laws hold very wedtant of 50 krys/Mpc) with redshifts in a relatively restricted
(Bryan & Norman 1998). Comparison of expected relations tange, between 0.45 and 0.65. This sample is therefore ex-
observations is therefore expected to provide key infoionat pected to be fairly representative of the cluster poputatib
on their formation processes. high redshift, allowing a systematic analysis of the gassmas
The observed properties of clusters ardéfetent from profiles and therefore allowing us to address the issue of gas
the scaling predictions, for example the observations teadmass fraction self-similarity and its implications in ctnan-
a luminosity-temperature relation which scaleslasx T2 ingthe cosmological parameters. Moreover, the high seitgit
while theoretical models predidt « T2. Such deviations of XMM — Newton makes possible a statistical investigation of
from scaling laws are interpreted as due to non-gravitatiorthe outer gas distribution in this sample, a key aspect asilve w
processes such as preheating by early galactic winds (esgge. The detailed data reduction and analysis of this sasiple
Kaiser 1991; Evrard & Henry 1991, David et al. 1995presentedin Lumb et al. (2004). The present paper is orgdniz
Cavaliere, Menci, & Tozzi 1998) or to radiative coolings follows. In section 2 we discuss the expectation of the gas
(Pearce et al. 2000; Muawong et al. 2002) and feedback fromass fraction from scaling arguments as well as the restilts o
star formation or AGN (Voit & Bryan 2001, Valageas & Silkthe comparison of gas mass fraction in distant clustersvto lo
1999). The excess of entropy (the so-called "entropy floior”) redshift ones. In section 3, we discuss the consequencerof ou
cold system, provides further evidence of the importance firidings for the use of clusters as cosmological probesligina
non-gravitational processes (Ponman et al. 1999; LloydiDaour conclusions are given in section 4. We used a Hubble con-
et al. 2000). Although some numerical simulations inclgdinstant of 50 krys/Mpc unless the dependence is explicitly given
radiative cooling antr pre-heating were able to reproducéwith Hy = 10Chkm/s/Mpc).
the observed steepening in the—T relation consistent with
the observations (Bialek et al. 2001, Borgani et al. 20Q1), 4 . .
is yet unclear whether the relevant physics has been p;opeérl Scaling properties
identified and implemented. Self-similar assumptions imply that the radial profile ofyan
physical quantity should exhibit a similar shape indepetigle
Self-similar models also make predictions on the evolutiaf the cluster mass and at any redshift, once normalized to
of cluster properties. In particular tHeg—T relation should the virial radius. Numerical simulations in which only grav
scale asZ+ 1)" wherer” should be equal to/2 in an Einstein tational physics is taken into account indicate that hafatifo
de Sitter (EdS) universe. Several studies have found ev@eferent masses follow a universal density profile, the stedal
of a weak evolution in théx—T relation (Sadat et al. 1998;NFW profile (Navarro, Frenk & White 1996). On the observa-
Reichart et al. 1999). However, the luminosity estimates d#onal side, the X-ray emissivity profiles in hot galaxy ¢krs
pend on the assumed cosmological parameters as does thelsave been also found to be very similar, at least in the outer
straint on the amount of evolution. From the analysis of nécepart (Ponman et al. 1999; Neumann & Arnaud 1999, Arnaud,
XMM — Newton data of high-z clusters it has been found tha&leumann & Aghanim 2001). Furthermore, evidence has been
I' ~ 0.65 in an EdS Universe while in a concordance mod#&und that radial profiles of théy,s, as well as the baryon
this value is close to 1.5, close to the value expected aecofi@ction f,, are similar and seem to follow a roughly universal
ingly to standard scaling laws (Lumb et al. 2004). This residhape (Roussel et al. 2000, hereafter RSB0O). It has beed fou
is consistent with previous investigations based on ASCé athat such a universal profile is in reasonable agreementhéth
Chandradata (Sadat et al. 1998; Novicki et al. 2002; Vikhlinirpredictions of numerical simulations (Sadat & Blanchar@20
et al. 2002). The cosmological implication of such evolntiohereafter SB01). This supports the idea that the gas staictu
has been presented in Vauclair et al. (2003). The aim of thas not been strongly disturbed by non-gravitational sees
present study is to better understand the evolution of tise gand supports the principle of using their properties to trairs
mass fraction with redshift. We will show that understaigdincosmological parameters.
these properties is important to put constraints on the oesnfPrevious studies of the baryonic content in clusters indita
logical parameters by requiring that the gas mass fractien that baryons contribute 15-20% of the total cluster mass (fo
mains constant with look-back time. Indeed, comparing tle= 0.5); if the baryon fractionf, = My/M is representative
profiles of clusters at élierent redshifts provides more infor-of the universe as a whole and, provided that the actual baryo
mation than simply considering global quantities such &s tabundance is known, the cosmological matter density parame
total X-ray luminosity. ter Qy should lie in the rang€y/ f, = 0.2 — 0.5 (White et al.
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Fig. 1. Apparentfgsplotted versus radius normalized to the virial radR/&y. The left side corresponds fgssin an Einstein-de
Sitter model and the right side to the concordance modehérupper graphs, the lines show the individual clustggsup to

the maximum radius of detection (see Lumb et al. 2004), dmtsespond to extrapolateigas The data (red and purple circles)
are thefgssin local sample (from RSBOO for the inner part and from VFJI9fhie outer parts) in an Einstein de Sitter cosmology
and in a flat low density model. The error bars correspondaaytpical dispersion in the VFJ99 sample. In the lower graftes
average appareiffigasand its uncertainty are plotted (filled area).

1993, David et al. 1995, Evrard 1997). However, although thmiverse of density.(2) = 3H(2)?/87G). The scaling of the
gas mass fraction profile follows quite well the self-simitla mass-temperature relation is then obtained fiom GM/R,:
assumption (RSBO00), the density parameter derived from the

baryon fraction estimation might be corrupted bffalient ef-

fects that are related to the internal structure of the gelgtzat

could alter the inferred value (SB01). T = Arm Mif(Qo(l + A)/1791302/3(1 + 2)keV @)

2.1. Estimation of the cluster fyas under the scaling
hypothesis The normalizatiorAry can be obtained from numerical sim-
) o o ulations (Evrard, Metzler, Navarro 1996, Bryan & Norman
As already mentioned, the self-similarity hypothesis ii@®l 1998) or inferred from observations. In the following, weeus
that the spatial variation of any physical quantity depengse same calibration as in SBOAry = 5.86, allowing a di-
solely onR/R,; the virial radiusR, can be obtained from its yact comparison with their results. Several studies haem be
definitionM, = 4/3rp(1 + 2)%(1 + A\)RY: performed in order to test tHdy—T relation as predicted from
numerical simulations by means of X-ray observations (sge e
R, = 1.34M,L2(Qo(1 + Av) /17907231 + 271 (h™*Mpc) (1) Horner et al. 1999, Nevalainen et al. 2000, Finoguenov et al.
2001, Sanderson et al. 2003). Disagreements have been found
where A, is the virial contrast density compared to the unieoncerning both the normalizatidk and the slope (steeper
verse. In an Einstein-de Sitter universe, one has= 187%. than the predicted 1.5) for cooler systeriig (ess than 4 keV).
In other cosmological models, there is some ambiguity as Kwte however that dierent normalizationéy of the My—T
how to define the proper reference radius for scaling redatio relation are not expected to make &elience in the compari-
Commonly, the virial radius is defined from the sphericaltofgon between local and high redshift samples, thereford;tlhe
hat model (see for instance Bryan & Norman, 1998; note thastt is essentially based on the assumption that scalinigeof t
these authors provide useful fits to computewith formu- Mgas— T relation is correct.
lae involving A, the contrast density, compared to a criticalhe gas mass fraction at a given radidgs(r) =
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Mgas(r)/Miat(r) is computed for each cluster. The gas mass prof this radius we computefl,s at the two fiducial radiRyooo
file follows directly from the electron number density prefil andRyqqo defined by Vikhlinin, Forman & Jones (1999, here-

; after VFJ99) for which they published the gas masség €

3 mp 2 4/3rpy(1 + A)RS(1 + 2)%), allowing a comparison in the most
Mo(r) = 4ﬂl -Y/2. fne(r) redr. (3) outer ?egions. Iéorthis comparison we do not correct for glum
0 ing (Mathiesen et al. 1999) as the radial variation of thiargu

whereY is the helium mass fraction (hereaftér= 0.25). We tity is unknown. Moreover, if the scaling holds, the emissio
assume a fully ionized gas, spherically distributed, armgd-a of both local and distant clusters should be biased by thesam
model for its distribution, which is known to provide a goodmount by this fect, still allowing a meaningful direct com-
representation of the gas out to the outer regions (VFJ99): parison.

n-38 The scaledgasradial profiles of the individual high-z clus-
ne(r) = ne(O)(l + (L) ] (4) ters and the meafy,s profile of the local sample derived for
Fex both EdS andACDM models are displayed in Fif] 1. For a

whererx endg corresponding to the best fit values derived ifiVen value of the normalizatioArw, the virial radius (for a
Lumb et al. (2004). The central gas densit0) was derived 9VeN temperature) depends on the cosmology through equa-

from the normalization K of the XSPEC Mekal model defineioN and. However, in practice fora NFW profile the masses

by inferred in a fixed physical radius for low redshift clustare
very similar in both cosmologies. As expected, a noticeable
B 1074 dv 5 difference in the amplitude df,sin distant clusters appears,
"~ 4n(Da* (1+ 2)2 fnenp ' ®) depending on the cosmological model. For both cosmological

models, the scaletljss profile of distant clusters is globally in

- ) : jood agreement with what has been inferred for clustersat lo
ber densities an@®, is the angular distance to the cluster. W edshift by SBO1: the apparent mean gas profile of our dis-
assumen, = 0.82ne in the ionized intra-cluster plasma. Th&, . ¢|ysters increases from the center to outer shelleviell
emission integrakl o [ nen,dV was evaluated assuming thal g roughly a universal gas mass fraction shape. Intexglgtin
the x-ray emission extends up to the virial radius, in order thesefyqs exhibit a level of dispersion consistent with what has

be _fu"y_ cons_istent with Lumb et al. (200_4)' There is SOMGeen found previously (RSB00, VFJ99). In the EAS model the
arbitrariness in the assumption of the radius up to which the . ~niral values of

o . : jas Seem smaller in high redshift clus-
emission has to be taken into account, ranging from the$argg, .« g ,ch a deviatio

. : L o n is consistent with the measured evolu
radius at which the emission is detected up to infinity. Fobon of theLy—T relation, weaker than expected if the scaling

our sample, the con_tnbutlon to_ the flux _of the emlssmn,-esgtrictly hold. Conversely, in the low density flat modésval-
mated t_)y e_xtrapolatlon of the fitted profile, beyond th_e de_te&es in the central parts of distant clusters seem to agree mor
tion radius is less 'Fhan 1%, and therefore represents egitegli iy the scaling, again in agreement with the evolution &f th
source of uncertalr?ty on our derived gas masses. Lx—T relation in this cosmology. However, in the outer regions
The normalization K value of each cluster was taken frome meantyasin the XMM — Newton distant sample seems not
Table 2 of Lumb et al. (2004). to match the local one very well. Examination of the average

The dark matter profile was assumed to follow the NFW arfg'ascompared to the local one more clearly reveals a systematic

alytical proflle_ (Navarro eItI al. 1_996) with a goncentlzatlm P difference: the inner mean gas mass fraction in distant clusters
rameterc = 5 in order to allow direct comparison wit RSBOQyoes not rise in as rapidly as in the local sample. It is umclea

(again, changing the value of the concentration param@t@ti \nether this dierence is real, given the various origins of clus-
expected to qun‘y the relatl\{e comparison of local and_acdrst ters used in the local sample.

clusters). In this study we will consider two cosmologies: a

Einstein-de-Sitter (EdS) Univers@f = 1) and a concordance

model ACDM) Universe with 0, = 0.3,Q, = 0.7). _The ap- 2.3. fyas—Tx correlation

parentfy,s values of ouXMM — Newton clusters estimated at

Isoo are given in Tableﬂl for both cosmologies. The mégag In order to understand whether the abovetence is mean-
value atrsqp is fgas = 0.095 in an EAS model anfdas= 0.14 in  ingful, an accurate knowledge of the gas mass fraction is
a ACDM model. needed. By examination of the RSBO1 sample, restricted to
clusters for which the actual X-ray extension was known, we
found a clear trend ofyss increasing with temperature (this
trend is much less clear in the global sample). However, this
In order to investigate the global shapefgifs profile we have sample was not designed téfer a uniform sample for X-ray
followed the procedure similar to RSB00. We compuijes studies, therefore it has been used only as a guideline in the
up to the maximum radius of detection (published in Lumpresent study. To examine in a more systematic and uniform
et al. 2004). Beyond this limit, this limifg,s is obtained by way whetherfy,s varies with temperature, we have computed
extrapolating up to the virial radius. The radial distribat fyas0f nearby clusters at the two fiducial raB¥igoo, Riooo Used

in the local sample is derived using the publishiges val- in VFJ99 as well at the virial radius. The gas mass fraction in
ues up to the X-ray limiting radiuBy;m (RSB0O0), upward our high-z cluster sample has been estimated at the same aver

wherene andn, are respectively the electron and proton nu

2.2. The shape of the apparent gas mass fraction
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Clustername RXJ0337.7 RXJ0505.3 RXJ0847.2 RXJ1120.1 82815 RXJ1334.3 RXJ1354.2 RXJ1701.3

z 0577 051 0.56 0.60 0.445 0.62 0.551 0.45
T (keV) 26 25 3.62 5.45 415 52 3.66 45

103 +0.3 ‘05 +0.3 '03 03 ‘o P
fsoo (EdS) 0723 0.757 0.867 1.024 1.041 0.982 0.879 1.079
Toas (EGS) 0.0782%%  0.098700% 0.095900% 0.105430% 0.070300% 0.09500%  0.116200% 0.101600%
fso0 (ACDM)  1.315 1.358 1572 1.87 1.843 1.799 1501 1911

fys(ACDM)  0.110990%  0.150009% 0.14313%L 0.14950%%% 0.10070%07 0.14460%%% 0.182500%  0.142430%

Table 1. Apparent gas mass fractionsragp in both EAS and\CDM cosmologies witth = 0.5, uncorrected for clumping, with
uncertainties from temperature uncertainties. Tempegat@asurements are taken from Lumb et al. (2004) withouirapfiow
excision.

Radius Gas fraction Gas fraction tual variation of fgss in clusters, but it might also be due to
Q@n=1) Qn=0.3) a variation of the clumping of the gas with temperature. The
Reooo  0.06ITO%:0%(1706)  QOB3T*%0% (16%) XMM distant sample does not reveal any clear trend with tem-
Riopo  0.075T%2%0%(1796)  QO75T %2*9% (17%) perature, due to its limited temperature range. Howeveenwh
Virial  0.090T°%*#997 (18.8%)  0097T%%%9% (22%) combined withChandra clusters, a sequence appears similar

to the one observed in local clusters. Comparison of the-high
Table 2. Least square fit of the gas fraction to the local samplgas at Riooo and Ryooo radii reveals that this internal structure
of x-ray clusters. Uncertainty in the normalization consia also varies with redshift: the observed mefgg profile of dis-
4-5%. The dispersion around the fit is also given in percent. tant clusters seems to increase toward the outer part lgistyra
than in local clusters. This introduces an additional degre
complexity when it comes to the description of the scalirey pr
dictions. Indeed if the gas mass fraction varies Withscaling

age radii (in units of the virial radius) allowing a directrae ; )
would imply:

parison between the local and distdgys values. In our distant
clusters, X-rgy emission i_s detgcted up toa radiqs QOmimran(R/R\,, T.2) = fy(R/R,, T x T.(0)/T.(2).2= 0) (6)
to Ryo00 SO direct comparison is meaningful. Emission has to
be extrapolated up t8,; it was extrapolated in both samples irwhere T.(2) is the characteristic temperature associated
similar ways. For further comparison we have also computadth a characteristic mass scale at the epaclidefined
the baryon fraction for clusters within the same redshifigea by o(M.,2 = constant). Therefore, we plot the predicted
from Chandra data obtained by Vikhlinin et al. (2002) whosevariations of fyas under this scaling assumption. Comparing
x-ray detection extends typically up to the virial radius. predictions from this scaling scheme at the threéBedent radii

For a fixed value of the normalizatiofyryy of the mass— shows that the variations with redshift of the internal stine
temperature relation, the virial radius and the total mass @o not follow the scaling either. This is a clear indication
closed in a given physical radius depend on the cosmologitf#t clumping arising from hierarchical building of cluste
model. In Figure[|2, we have plottefgas in the local and high in a purely gravitational picture is not the only origin ofeth
redshift clusters versus temperature for the two cosmofbgiobserved complexity. Rather, it is likely to originate from
models. Results from least square fits of the local data &esgi non-gravitational heating processes, whose modificatafns
in Table[}, as well as dispersions around the best fit ligg. the internal structure of clusters are not expected to viollo
values derived from the local sample reveal a clear trend witandard scaling. It is interesting that at the virial raditlne
temperature: the gas mass fraction at a fixed scaled radiusfis values we obtained foXMM and Chandra clusters are
creases with temperature. This trend is stronger in therinm@nsistent and suggest that the gas fraction may not vary any
radius Rzoo0) than at the outer radiufR{oog). At the virial ra- longer with temperature. As our gas quantities are extedpd|
dius, the inferred gas fractions are marginally consistgtit beyond emission detection (although not by much, espgciall
gas mass fractions being independent of temperatuzgo-  in the case of th€handra clusters), it would be important to
in the Einstein—de Sitter model ardl.50 in the concordance have deeper observations of the outer regions of clusters to
model). This shows that the appardgisin local clusters pos- confirm this result, both for local and distant clusters.
sesses internal structure variations correlated with &atpre,
therefore the scaling in local clusters is only approximate Finally we have also considered another possibility.
origin of these variations is unclear: it might either be an aVauclair et al. (2003) have shown that the concordance model
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Fig.2. fgas versus temperature at thredfdrent radiiRoo0 (top), Rigoo (Middle) andR, (bottom) in the outer parts of the
XMM — Newton distant clusters (blue squares and red crosses) in Eindgeitter model (on the left) and in a concordance
model (crosses on the right side) compared to the same guépitis symbols) evaluated at the same scaled radii fronotted
sample by VFJ99. Open (green) squares and small (greemsesrase the same quantities evaluated for clusters in thinik
sample (Vikhlinin et al., 2002) within the same redshiftgarfQ4 < z < 0.62). Errors bars (coming from the uncertainty on the
temperature) have been drawn in one cd&gof). In the concordance case, standard scaling of the masgetature relation
leads to gas fractions represented by the (red) crosseBeB#solored) lines are the expectigs at the fiducial redshift of the
XMM — Newton clusters from scaling relations.

when properly normalized to local cluster abundances,ccoulf Figure@. Again, the scaling hypothesis seems not to work
not reproduce the observed numbers counts of distant cdusteell under this scheme, perhaps not surprisingly giventtieat
unless the mass temperature scaling with redshift is madifiescaling has been already abandoned.

T = AruMZ3(Qo(1 + A)/179)°n?® keV 7)

. . ) 3. Cosmological application
(i.e. the (1+ 2) term in Eq[R has been removed). This changes

the apparent gas mass fraction in distant clusters as weieasThe idea that the actu§jasin clusters should be universalis the
predictions of the scaling model. The gas mass fractions starting point of an interesting cosmological test that teen
both low and high redshift clusters were recomputed, asheas proposed based on the apparent evolutiofygfwith redshift
expected scaled variation &fas with temperature. The results(Sasaki 1996; Pen, 1997; Cooray 1998). The principle of this
are shown as green symbols and lines in the colored verstest is based on the fact that the inferred gas mass fractan f
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Fig.3. Same quantities as in Figuﬂe 2. Light grey (green) crosses wlgtained for a concordance model assuming the non-
standard scalinyly,—T relation from Vauclair et al (2003), Eq. 4. The dotted (gndare is the expectation from scaling in this
case. Left side is aRpo00), right side is at the virial radius.

X-ray data depends on the assumed cosmology through theamost constant against temperature at the virial radiais
gular distance. Comparing the high redshift value to whatiimportant piece of information indicating that the argumai
inferred from local clusters provides us in this way with anea non-evolvingfyas could be valid at this radius. From Fig. 2,
test to constrain the cosmological parameters. we can see thaflyas derived fromXMM — Newton clusters as

q:ll as fromChandra clusters are consistent with the values

However, from our study, it appears that there are seve , ; . .
sources of complexity when applying this test. A first facll%%talned in low redshift clusters for the EdS model, while

that should be taken into account is thgis varies with ra- < Ol? selrveta clearffsett S?W\{ﬁemgas Vz!flg;hl/ln d|s(,jta|n thqund
dius inside clusters. This variation can be accommodatieif "€2'PY CIUSIETS cOMputed in the case model. 1he

shapes are self-similar, by working at identical scaledusd concordance model under the assumption of standard scaling

ie. R/R, = constant (or in a nearly equivalent way, at Simihas been found to be ruled out at a level of sig_nifican_ce of
lar density contrast). Clearly, in order to prevent any luae more than 4 from the XMM data (6 when combined with

should comparégy,s at identical radii (in units of virial radius) Chandra measurements) while the Einstein—de Sitter model

up to which gas emission is detected. The second proble I7s at better than &. . S

that the apparerfy,s has been found to vary with temperatur evergl aspects hpwever make the d'fe“ cosmologlcaL Inter
(mass). There has been some debate on the strength of thi req'gatlon dificult. First our sample is quite small and it would
fect (David et al 1995, Arnaud & Evrard 1999, Mohr et al 199 e invaluable to have an extended version with a signifigantl
RSBO00), but such a possibility should be kept in mind when a _rgerb?u_mb;:cof Clttﬁgr]s' gowdevter,_the fact that 3|m|I_aurBA
plied to cosmological purposes. What we have obtained fr ¢ obtained trom andra data Is very encouraging. As
the analysis of the VFJ99 sample is that in the inner partsi-cl & trgnd has been_ four?d with temperature, [t Is possple that
ters both the shape and the amplitude of the gas mass fracﬁgw.la.r trends ex-lst with Iu_mlnosuy. Therefore meanirigfu
varies with temperature. In such a regime, it is unclear et statistical comparisons require data from X-ray selec_lmter .
arguments based on the scaling hypothesis are valid. Hawe mples and as much as possible from comprehensive analysis

our result are consistent with the hypothesis that the gas fr e second point is that a clea_r trend with tempe_raturesxist
tion is constant at the virial radius. It is therefore vilhtave and could be a source of confusion: temperatures in our s&ampl

better data on thég,s behavior in clusters in their outer part,are lower than in the local sample and therefore expected

in order to reach conclusions of cosmological relevance. average_fgas vaI_ues are smaller _(for the saniyR, < 1).
Comparingfgas in our clusters with the hottest local cluster,

The fact that the dispersion ifyas measurements in ourwould have led to a systematic bias, at least for the inner
distant sample is similar to that obtained in local clusters regions. Indeed, it is expected that the brightest clugtra
very positive. Indeed, uncertainties égs (from uncertainties fixed temperature and at a given redshift) would have a higher
on temperature and flux) in our distant clusters are signiffmer baryon fraction than the average population. Theeefo
cantly smaller than the intrinsic scatter (see Fig 2). Fram ojt is natural that the trend observed with temperature i als
study it appears that although the gloligds shape in distant present with luminosity. Finally, we showed that the intern
clusters is similar to the shape obtained at low redshif, titructure of the gas is not strictly identical in high and low
complex internal structure, i.e. the variation of the gassnaredshift clusters, declining faster in the central part igfhh
fraction with radius, with temperature and with redshifteals redshift clusters. This is consistent with what seems djrea
differences that cannot be described in a simgpa@lable to emerge from Fig. 1. This complex internal structure is
scheme. The observed variations in the central parts a&€ Clgrobably the result of non-gravitational (pre) heating foé t
indications thatfqas evolution argument cannot be used in thigas which is currently advocated to explain the observed

regime, given the present (lack of) understanding of the gas—T relation, but might also result from more fundamental
physics in clusters. However, the fact thigis appears to be
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