Astronomy & Astrophysicenanuscript no. bdaa2.hyper11707 February 23, 2005
(DOI: will be inserted by hand later)
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Abstract. The abundance of local clusters is a traditional way to @etie amplitude of matter fluctuations, commonly speci-
fied byog, but which siffers from a systematic uncertainty arising from the lack ofiaate knowledge of the mass temperature
relation. In the present work, by assuming that the obsdpeaggbn content of clusters is representative of the urévevs show
that the mass temperature relatiovi ¢ T) can be specified for any cosmological model. WMAP constsaim the baryonic
content of the Universe and th@, — Hy relation allows one further improvement in tightening tMs— T relation. This
approach allows to remove most of the above uncertaintyt@pdovide an estimation afg whose uncertainty is essentially
statistical. The values we obtain are fortuitously almodependent of the matter density of the Universg+{ 0.6—0.63) with

an accuracy better than 5%. Quite remarkably, the amplitddaeatter fluctuations can be also tightly constrained talaim
accuracy from existing CMB measurements alone, once therdatter content is specified. However, the amplitude ieférr
in this way in a concordance model ¢ CDM) is significantly larger than the value derived from the abavethod based
on X-ray clusters. Such a discrepancy would almost disappé@e actual optical thickness of the Universe was 0 butiadou
also be alleviated from more exotic solutions: for instatiee existence of a new non-baryonic light dark componenhén t
Universe as massive neutrinos, with ~ 0.01 — 0.03. However, recent other indications®@f favor a high normalization. In
this case, the assumption that the baryonic content olsé@mnausters actually reflects the primordial value has todbexed

: either there exists a large baryonic dark component in thigddse withQg ~ 0.01 - 0.03 ~ 0.5Q, or baryons in clusters
have undergone a large depletion during the formation afettetructures. We concluded that the baryon fraction irtelsis
is not representative and therefore that an essential piebe physics of baryons in clusters is missing in standardttre
formation scenario.
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i Introduction measurements of clusters could in principle provide a tirec

. . . measurement of this quantity but present-day results are co
1 The amplitude of matter fluctuations in the present-day urfrl'adictory. This question remained unresolved becausarthe

O verse is an important quantity of cosmological relevande T, - - .
O abundance of Elustersqis aﬁie)i/ent way to e?/aluate this quan-p“tUde of matter obtained from clusters with hydrostagoa-

: I q h litude of th tions leads to low valuesyg ~ 0.7 = 0.06 (Markevitch 1998,
iy, corgmon y expressEehg?&, the r.rr.s.:mp ltude IO the Reiprich et al. 2002, Seljak 2002) while WMAP recently ob-
y matter fluctuations on t Ipc scale. A statistical preci- fainedors ~ 0.9:+ 0.1 (Spergel et al. 2003). However, the virial
= sion of a few % onog is possible from existing samples o

X | but | ce th lation b & cluster masses arefficult to obtain, and values inferred with
) X-ray uster;, utin practice the re at_lon etween mass agerent methods spread a large range of values; for instance
8 temperature is needed for such evaluation:

Roussel et al. (2000) pointed out that hydrostatic massasti
tions were lower than values inferred from numerical simula
tions and Henry (2004) recently found that published vabfes

(Oukbir and Blanchard, 1992, being the present-day mat/3: & quantity proportional térw, could difer by a factor of

ter density parameter ardbeing the contrast density relative"€arly two. This leaves a large uncertainty on the actualiamp

to the Universe at the radius at whidhys is taken. The value tude of matter fluctuations derived from clusters. In thipgra

of Aty has been estimated from X-ray properties of clusters B{f PrOPOse a new approach to derive the mass-temperature re-
different methods, essentially hydrostatic equations on dee dition in a self-consistent way. This allows us to combine th
and numerical simulations on the other side, which leadfto dParyon budget from the CMB, observed gas mass in clusters

ferent normalizations (frorrg ~ 0.6 to g ~ 1.). Mass lensing and_the present day abundance of clusters_ to infer a tight con
straint on the amplitude of matter fluctuations obtaineanfro

6

T = AruMIB(Qu(L + A)/179)*h?3(1 + 2) keV (1)
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Fig.1. The central area is the amplitude of matter fluctuatio$g. 2. The red line is the central value 8fy which is the nor-
expressed in term afg versus the normalization of the massnalization of the mass temperature relation fq. 1. The WMAP
temperatureAry (EqQ. |].) for a flat model withQy = 0.3. relation betweerdy andQq has been used, as well as the con-
Grey areas are our one, two and three sigma level contowtsaint on the baryon content of the Universe. One and two
Filled squares are from Vauclair et al. (2003), open squaes o~ uncertainties arising from uncertainty @, (= 0.023 +
Pierpaoli et al. (2001), aroundiyy ~ 7 and Pierpaoli et al. 0.002) are shown as blue and yellow areas. Horizontal areas
(2003),x symbol is from Evrard et al. (2002), Triangle is froncorrespond to estimations @y from hydrostatic methods
Seljak (2002), inverted triangles are from Viana et al. @00(light green) obtained by Roussel et al. (2000) and Markévit

and Viana et al. (2003). (1998) and from numerical simulations (light blue) obtaine
from Bryan & Norman (1998) and Evrard, Metzler & Navarro
(1996).

the cluster abundance and compare it to the amplitude ederp. 2. The baryon fraction argument

from the CMB. . _ .
Clusters are useful cosmological probes in several impbrta

ways. Their baryonic fractiofy, can be inferred from observa-
tions:

2. Mass-Temperature relation M
fo = ——;
Mtot

(2)
2.1. The og-At\ degeneracy.

the mass in observed baryomd,, consists mainly of the X-

The determination ofg from the cluster abundance is a stang, gas and of a small part of the stars (Roussel et al 2000),

dard proced_ure that has been used by many authors, Ieadin\g, fle the total masdvly, could be estimated through one of
somewhat dispersed values. Here we use the Sheth and Torgagn,,ve_mentioned methods. Under the assumption that the

(1999) mass function and a sample of X-ray selected locat Cly,y onic and dark matter amounts are representative oftihe u

11
ters (f, < 2210 ergs/cn? andjb] < 20 deg, Blanchard etal., yorse  the baryon fraction can be related to the cosmolbgica
2000 updated from BAX, Sadat et al. 2004). The relation bﬁérameters densig, andQm:

tweenog-Ary is presented in Figurﬂ 1 for a flat model with

Qu = 0.3 with some other recent measurements, based on

ROSAT samples of X-ray clusters and a recent analytical mdss™ TQ_~ 3)
functions (del Popolo 2004). We do not include analysesdase "

on HEAO-1 such as Henry (2004) or using the classical Présss a numerical factor that has to be introduced in order te cor
and Schechter expression as do lkebe et al. (2001), or ottemt for the depletion of gas during cluster formation andcivh
mass functions. A NFW profile (Navarro etal. 1995)wite 5 can be determined only from numerical simulations (White et
was assumed when necessary. This shows that most of the alist993). In practice, a good working value, at least in tieo
persion among dlierent analyses (which use nearly the sanpart of clusters, iS¢ = 0.925 (Frenk et al. 1999). The bary-
clusters) is due to the fiierent values used for the normalizaenic content of the Universe is how known quite accurately
tion constanfry. Most of the remaining diierences are due tothrough WMAP and other CMB measurements & Qph? =
differences in temperatures used (with or without cooling flod023 + 0.002, Spergel et al. 2003; the statistical uncertainty
correction, or temperature cuts). Notice that the poinsgné being doubled in order to account forfiirences in various
ing the largest deviation (Viana et al. (2002)) is based @n tpriors), essentially consistent with the abundance of &éun
luminosity function. We converted their mean luminosityato (Kirkman et al. 2003) and with the baryonic content of the IGM
mean temperature of 2.68 keV to derive an equivateiif. (Tytler et al 2004).
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2.3. Self-consistent mass-temperature relation often combinations of a few cosmological parameters. Fer th
present analysis, we use the location of the so—called Roppl
While the above relations have been widely used to obtain cqgreak which allows us to establish a tight relation betw@gn
straints o), assuming that th#1 — T relation is known, here andh in a flat universe (Page et al. 2003). The above procedure
we follow a diferent approach. Given the uncertainty in thkas been applied to derive the mass temperature normaiizati
actual value ofAty, we can use the knowledge of gas (anféry as a function of2n,. The result is shown in Figure 1. As
stars) masses in clusters and(®f to constrain the total massone can see the above procedure allows us to determine the
in clusters, at least as a function@f, andh, and thereby infer value of Aty as a function of), with a small uncertainty : we
the mass-temperature relation. A slight source of compjlexfound Ary ~ 4.9Q,%7 + 10%, for Q3 < Qn, < 1.0; the values
in gas mass measurements comes from the fact that the gasower the range of the various estimations based on therdi
clusters may be clumpy. If so, the gas mass estimation fr@nt approaches that we have mentioned. From this relation we
average radial profile of the emissivity overestimates ttead can now infer the typical temperature of clusters formedfro
gas mass by a fact@2, whereC is a measurement of thefluctuations withinR = 8h~! Mpc spheres:
clumping of the gas. Sadat and Blanchard (2001) have styd-
ied inpde%ail the c%ange in shape of the gas fr(action)withJSidiLi-(g“‘”\"pc ~ Ar(1.190m)"/3 ~ 3.65keV (4)
in clusters: they found that the gas fraction follows rativell  therefore, the amplitude of matter fluctuatioms is essen-
a scaling law, i.e. it is roughly identical amongférent clus- tially controlled by the abundance of clusters with tempera
ters when expressed in term of the radius normalized to thees around 3.5 keV almostdependently of the value Qn,
virial radius. Furthermore they found that in the outer plaet (this comes from the fact thary varies withQ, and that
shape was close to what has been found in numerical simulis variation accidentally compensates almost exactyri-
tions provided the outer amplitude is corrected for clurapiration obtained for a fixed value @&ry). Knowing the mass-
(the value of’ being roughtly constant 0.925 forA < 1000). temperature relation and its uncertainty we can deternhiae t
This implies that correction for clumping is indeed impaita amplitude of matter fluctuations by fitting the local tempera
to have an unbiased description of the internal structuctusf ture distribution function and assuming dike spectrum with
ters. Mathiesen et al. (1999) found an aver@dé& of 1.16 at T = 0.2 as explained in section 2.1.
the radius corresponding to a contrast dengitgf 500 (they The result is shown in Figure 2a. As one can see, at a
also found that taking only clusters with no secondary péak agiven value ofQy the amplitude ofog is well constrained.
level of 1% of the global maximum reduced the aver@yéto  Furthermore to the first order the besg is independent of
1.093). Because the clumping factor seems to vary rapidly wioy, (g ~ 0.63 + 3.%(10) for Q4 = 0.7. Interestingly this is
radius, it is safe to work on clusters at a similar radius. \Weh close to the value obtained by Viana et al. (2002):~ 0.61).
used the gas mass determination from Vikhlinin, Forman a®@lr conclusion appears somewhat surprising agfiéidi from
Jones (1999, VFJ99 hereafter), using their most exterdalsa standard analyses based on a fixed normalizafigy, which
for mass determination, which is-dependent, at the averageannot simultaneously account for the baryon fraction iorac
temperature of 4 keV. VFJ99 provided gas mass measuremeaiggent way for arbitrarp2y. Gas masses from the VFJ99 sam-
at the radius R1000 where the contrast density in the gasle present a moderate dispersion of the order of 20% (Sadat e
1000 times some fiducial baryon density (2.89MI8/Mpc3), al. 2005), implying rather small uncertainties on our gas-{r
which corresponds to nearly half of the besgtderived from tion estimates of the order of about 4% at our working radii,
WMAP. Typical density contrasts at our working radius are iwhich will produce an uncertainty arg of 2.5%. More impor-
the range 480-625, at which we can directly apply the abowt is the correction for clumping. For instance, Voevodki
correction for clumping. VFJ99 excluded clusters with deubVikhlinin (2004) have estimateglg from the baryon mass func-
or very irregular X-ray morphology, a criteria that seenssletion in a Cold Dark Matter framework. In the ca€g; ~ 0.3
demanding than the criteria for regularity used by Mathieseneir approach is very close to ours, but they used gas mass es
et al. (1999). However, in both cases roughly one third of thignation at the virial radius and did not correct for clumgin
clusters were excluded from the analysis. We therefore usHgis leads to virial masses which ate20% lower than ours,
the valueC¥? = 1.093. The dference toC¥? = 1.16 is a leading toAry ~ 11 keV and therefores ~ 0.7, in very good
source of systematic uncertainty on the final mass of 6%. \&lgreement with their estimation.
further corrected for a star contribution of I84% (Roussel
et al. 2000). Knowing the baryon mass, relations 2 and 3 cgn
be used to infer the total mass (dependingX) at the radius
R1000. Finally, in order to use the above mass estimatidmein fThe amplitude of matter fluctuations is strongly constrding
mass function we need to estimate the mass at the virialsadinte CMB data. In the following we use the constrainteanin
(unfortunately measurements of both apparent gas mass am@ncordance model obtained from the CMB fluctuation anal-
clumping are not available at the virial radius). This Miness ysis including the temperature—polarization cross powecs
can be estimated assuming a NFW profile with a fixed comum (TE) by the WMAP team (Kogut et al 2003).
centration parametex Hereafter we used = 5. WMAP has The comparison of the value ofg from CMB data with
provided high precision data in a field where order of magrthe one from clusters reveales a critical discrepancy batwe
tude estimations were the only possibility a few years afyis T the two measurements (Figure 2a). It is clear that within any
allows us to constrain very tightly some quantities whice amodel withQ, ~ 0.7 the amplitude otrg we derived from

Need for Dark Matter
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high o-g obtained from CMB data depends critically on the ac-
tual amplitude of the optical thickness(see Figure 2b), al-
though forcingr = 0 does not entirely remove the discrep-
ancy. An accurate knowledge ofis therefore critical to prop-
erly evaluate the amplitude of matter fluctuations in thecoon
dance model. One can see from Figure 2b how much the value
of og obtained from CMB data depends on the actual value
of the optical thickness and remains the main source of uncer
tainty in establishing the value o%. We have also checked that
when CMB data are restricted to the range 400< 1200, the
above discrepancy remains essentially unchanged. Alpain
non-power law initial power spectrum is therefore not exeéc

to solve this issue.

Here above, we have considered models in which the dark
matter is only made of cold dark matter, the dark energy be-
ing a pure cosmological constant (in terms of the equation of
state of vacuunp = wp, this meansv = —1), and that X-ray
gas and known stars are the only existing baryons in clugters
first possibility to investigate is to examine whether fiatent
equation of state for the vacuum, so-called quintessenigitm
solve this discrepancy. We have therefore investigatethitel-
els with arbitraryw and quintessence conte®g. Indeed com-
binations of CMB and cluster data are known to provide tight
constraints on such models (Douspis et al. 2003). With the ap
proach developed here, models which were found to match
CMB and clusters were found to satisfy the following con-
straints: 046 < Qg < 0.54 and-05 < w < -0.4. Such
models are currently at odds with constraints on quintessen
tial models (Douspis et al. 2003; Tegmark et al. 2003; Riess
et al. 2004) resulting from the combination of various data i
cluding type la supernovae data. We therefore require an al-
ternative approach to solve the above issue. In the follgwin
we examine whether the introduction of an additional compo-
nent of the dark matter content of the universe would remove
the above discrepancy. Neutrinos are known to exist and to be
0.5 L L L massive, so perhaps the most natural massive componeet of th

0.00 0.08 0.16 0.24 0.32 universe to be introduced is in the form of a neutrino contrib
tion. This solution has already been advocated to solveltkis
. . . crepancy in an Einstein de Sitter Universe (Elgargy & Lahav
Fig.3. a) top: The amplitude of matter fluctuations from clu Q03, Blanchard et al. 2003). Indeed, the presence of a light

t(ra]rs abundancel using the majs—tehmperatIL_JredreIa;tlon fcnu][; dt non-zero, component of dark matter significantly moslifie
the present analysis compared to the amplitude of matter fllic, o nsfer function of primordial fluctuations which risu

tations derived from CMB data (Grainge et al 2003, Pearsor]r?a lower amplitude on small scales. Given existing measure

al. 2003, Ruhl et al. 2003, Kuo et al, 2004). The grey area@eorf, .nis of mass flierences we consider only the case where

spondsto 1, 2, 3 contours on two parameters, dashed Iinesatr e masses are equal. Within a concordance madel 0.7
contours on one parameter. The one and two sigma amplitug;s: 0.3), by combining the constraints from CMB and clus-
obtained from an average of recent weak shear measurem Sjata. and marginalizing o, Ho, n, 7) we found that a

are also shown as dashed regions (see text for referenges) b v vion ofQ. = 0016+ 0.003 is preferred with a sig-
bottom: amplitude of matter fluctuations from CMB data VeLiticance level well aboved (see Figure 3a), improving the

sus optical thickness. significance of such possible evidence compared to Allen et
al. (2003). This confirms that the presence of a small camtrib
tion of neutrinos, with a typical mass of .25 eV, to the dgnsit
clusters,og = 0.63+ 0.02, is significantly smaller than whatof the universe allows one to reconcile the amplitude of mat-
is expected from the CMB alone§ = 0.88 + 0.035), which ter fluctuations from clusters with the one inferred from CMB
is close to the recent determination from the combination @fta. We notice that such a value is above the upper limit in-
WMAP and the Lymarn forest (Seljak et al 2004). ferred by the WMAP team using a combination of several as-
The non-zero optical thickness which is requested only tronomical data (Spergel et al. 2003). Finally, weak shetf e
from the TE spectrum, is a key factor in this discrepancy: tleations have provided measurements of the amplitude of mat-
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ter fluctuations which can be compared to that obtained from
clusters (Refregier 2003). There are som@edénces in pub-
lished values which probably reflect systematic unceritsnt [
not yet fully identified. However, taking the independentame 0.025
surements ofrg from weak lensing obtained from an average [
of recent measurements (Bacon et al. 2003, Brown et al. 2004, I
Chang et al. 2004, Hamana et al. 2003, Heymans et al. 2004, 0-020¢
Hoekstra et al. 2002, Jarvis et al. 2003, Massey et al., 2004, [
Refregier et al. 2002, Rhodes et al. 2004, Van Waerbeke, et al, r
2004) which lead to an acceptalyg from WMAP and Lyman G 0.0151
a forest (Seljak et al 2004), and the valuefrom 2dFGRS -
(Hawkins et al. 2003), the low amplitude @§ obtained above 0.010f
is not favored. We are therefore left with the conclusion tha [
initial assumption that baryons in clusters are fairly esgnta- [
tive of baryons in the universe is unlikely and thereford tha 0.005¢
observed amount of baryons in clusters does not reflect the ac
tual primordial value (a possibility that has been advait e

0.030(

T
1

0.000 Lowwsinns Liviviiiss Liviviiiss Liviiiinss Livivinins [P

Ettori 2003). Several mechanisms could Ieaq tq FhIS smuatl_ 04 05 06 07 08 09 1.0
the most direct way could be the fact that a significant foarcti a,
of the baryons are in a dark form, either in the Universe or in

. . . .o 00830 T T T T T
clusters (for instance either in the form of Machos, or inrgda 0.030 [ ]

gaseous unidentified component, Bonamente et al, 2003), or
that a significant fraction of the baryons has been expeitad f 0.025}
clusters during their formation process. In such casesplthe [
servedMy, is biased to lower values. The actual mass of clusters ]
from Eq. 2 and Eq. 3 can then be obtained assuming a depletion 0-020 - ]
factor 1- f implying that fQ, represents the missing baryons: [ ]
Again the combination of CMB and cluster constraints allows
us to evaluate the amplitude 6£2,. From Figure 3b, one can
see that such a componeriQ, ~ 0.023, should represent &
nearly half ( ~ 0.5) of the primordial baryons in order to 0.010
solve the discrepancy. Although heating processes aréregqu

to account for the observed properties of X-ray clustersy th

currently do not lead to such a high level of depletion (Biale  0.005
Evrard & Mohr 2001).

T
1

T
1

; 0.0155
§

T

T

0.000 Lissnns Levviiiins Levviiiins Leviierins Leviriiens [T ]
4. Conclusions 0.5 0.6 0.7 08 0.9 1.0 1.1

The determination of the amplitude of matter fluctuations, . 5
within pure cold dark matter model, using two methodg,/_'g' 4. Constraints o, and Qgarksaryonh” given by the com-
namely the CMB and the local cluster abundance, leads to td analysis of CMB and Cluster data. The dark energy com-
significantly diferent values. There are several ways to solponentes
this discrepancy, although each represents a noticeapbr-de

ture from the standard concordance model. The existence of

a non-baryonic dark component, like a neutrino contribtiolf the actual value was consistent with zero most of the discr
would allow us to solve this discrepancy, although such a samacy would disappear. Confirmation of the actual value isf
lution leads to a low value afg which is not favored by other therefore critical and its better estimation will allow attee
evidence. If the actual value is largefg ~ 0.8 — 0.9, the un- estimation ofog from the CMB. Other sources of information
avoidable conclusion is that the baryonic content of chsste on o-g will also obviously clarify this issue: weak lensing can

A ~ 500 is not representative of the Universe. In this case, patentially allow one to directly measure the actual ampkt
astrophysical solution could be that baryons in clustensttioe  of matter fluctuations with a similar precision to what hasrbe

in a dark form, or at least undetected until now. Alterndtive obtained here with clusters, provided that systematic iaice
baryons in clusters could have been severely depleted intplyties are fully understood; the clusters masses could be mea-
that the actual valu® is much smaller than the value we usedured from their lensing signal providing a direct estimiati
above, the apparent baryon fraction being biased to lowegalwf the normalization consta#tr, allowing one to distinguish
compared to the actual primordial value. Finally, sevebasles- between low and high normalizations. Other direct measure-
vations might help to clarify this issue: the above condnse- ments of the amplitude of matter fluctuations like thoseveeti

lies on the actual value of the optical deptfound by WMAP. from the Lyman« forest power spectrum (Croft et al. 1998)

has been set to.Din a flat cosmology.
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could also help clarify this issue. It is remarkable that earh

Evidence for new ptgyiom clusters ?

Reiprich, T. H., & Bdhringer, H. 2002, ApJ 567, 716

the observations that are expected in the near future can Bi@ss, A.G. et al. 2004, ApJ 607, 665

tentially bring fundamental information on clusters plogsior
alternatively may reveal the existence of a previously entd
fied type of dark matter witkpy as low as 0.01.

Rhodes J., et al. 2004, ApJ, 605, 29
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