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High-redshift objects and the generalized Chaplygin gas
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Motivated by recent developments in particle physics and cosmology, there has been growing interest in a
unified description of dark matter and dark energy scenarios. In this paper we explore observational constraints
from age estimates of highobjects on cosmological models dominated by an exotic fluid with an equation of
statep=—A/p® (the so-called generalized Chaplygin gasich has the interesting feature of interpolating
between nonrelativistic matter and negative-pressure dark energy regimes. As a general result we find that, if
the age estimates of these objects are correct, they impose very restrictive limits on some of these scenarios.
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[. INTRODUCTION lumps, while Kasuyd6] showed that spintessencelike sce-
narios are generally unstable to formation@balls, which
The question about the nature of the energy content of theehave as pressureless matter. More recently, Padmanabhan
Universe has always been a central topic in cosmology. I@nd Choudhury7] investigated this possibility via a string
the last few years, however, this discussion has become evépeory motivated tachyonic field.
more critical due to a convergence of observational results Another interesting attempt of unification was suggested
that strongly support the idea of an accelerated universBy Kamenshchilet al.[8] and developed by Biliet al. [9].
dominated by cold dark mattéCDM) and an exotic fluid It refers to an exotic fluid, the so-called Chaplygin gas,
with a large negative pressure. Dark matter is inferred fromvhose equation of state is given [}0]
galactic rotation curves which show a general behavior that "
is significantly different from that predicted by Newtonian p=—Alp%, @
mechanics. Th“e most d|rect" evidence for_the dark ENer9¥ith «=1 andA a positive constant. In actual fact, the above
component or “quintessence” came from distance measure:-

R equation fora# 1 constitutes a generalization of the original
ments qf type la sup.ernova.SNe 13 V.Vh'Ch indicate that the Chaplygin gas equation of state recently proposed in Ref.
expansion of the Universe is speeding up, not slowing dow

. : X . . rElO]. By inserting Eq.(1) into the energy conservation law
[1]. Another important piece of evidence arises from a disy o /= follogving expression for th?eydensity of this gen-
crepancy between the measurements of the cosmic micrg; 2 i-ed Chaplygin gas:
wave backgroundCMB) anisotropies which indicat€ g, '
=1.1+0.07[2] and clustering estimates providify,=0.3
+01 [3]. While the combination of these two latter results pcg=
implies the existence of a smooth component of energy that
contributes with=2/3 of the critical density, the SNe la re- or, equivalently,
sults require this component to have a negative pressure,
which leads to a repulsive gravity.

The main distinction between these two dominant forms Pcg=Pcg,
of energy(or mattej existent in the Universe is manifested
through their gravitational effects. Cold dark matter agglom-ynere the subscript denotes present-day quantiti}) is
erates at small scales whereas the dark energy seems to bg,a cosmological scale fact(B,=pég:—A is a constant, and

smooth component, a fact that is directly linked to the equa- .. ,
tion of state of both components. Recently, the idea of &'s=A/Pcg, 1S @ quantity related to the sound speed for the

unified description for the CDM and dark energy scenario€Chaplygin gas today. As can be seen from the above equa-
has received much attentigd—7]. For example, Wetterich tions, the Chaplygin gas interpolates between nonrelativistic
[5] suggested that dark matter might consist of quintessenamatter [ pcq(R—0)= JVB/R®] and negative-pressure dark
component regimefspcg(R— %)= JA].
From the theoretical viewpoint, an interesting connection
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type equation of state is associated with the parametrization 1 [+t dx 1
invariant Nambu-Gotal-brane action in al+2 spacetime. tzz—JO m=H—g(Qj As,a,2),
In the light-cone parametrization, such an action reduces it- © prs ©

self to the action of a Newtonian fluid which obeys E) ®)

with a=1 so that the Chaplygin gas corresponds effectively ] o ] ) )
to a gas ofd-branes in ad+2 spacetime. Moreover, the Wherexis a convenient integration variable and the dimen-

Chaplygin gas is the only gas known to admit supersymmetsionless functiorf(€2;,As,a,x) is given by
ric generalization[13]. From the observational viewpoint,
1-A )r/(ml)
S

these cosmological scenarios have interesting fea{u4ls Q.
which make them in agreement with the most recent obser-f(Q;,Aq,a,x)= \/—;+(1—Qj) Ast+ NPT
vations of SNe Igd15-17 the location of the CMB peaks X X
[18], age estimates of globular clusters, as well as with the (6)
current gravitational lensing dafd9] (see, howevel,20]).

In this paper we discuss new observational constraints oiihe total expanding age of the Universe is obtained by tak-
Chaplygin gas cosmologies from age considerations due timg z=0 in Eq. (5). As one may check, foo=1 and A
the existence of three recently reported old high-redshift ob=1 Eq. (5) reduces to the CDM with a cosmological con-
jects, namely, the LBDS 53W091, a 3.5-Gyr-old radio galaxystant (\CDM) case while fora=1 andA,=0 the standard
atz=1.55[21], the LBDS 53W069, a 4.0-Gyr-old radio gal- relation[t,= 2H_ *(1+2z) %?] is recovered. A recent discus-
axy atz=1.43[22], and a quasar, the APM 082¥8255 at  sjon about the globular cluster constraints on the total ex-
z=3.91 whose age is estimated between 2 and 3[@§}.  panding age in the context of Chaplygin gas cosmologies can
Two different cases will be studied: a flat scenario in whichbe found in[19].
the generalized Chaplygin gas together with the observed In order to constrain the cosmological parameters from
baryonic content are responsible by the dynamics of thehe age estimates of the above mentioned higijects we
present-day Univers@inifying dark matter-energfUDME)  take for granted that the age of the Universe at a given red-
and a flat scenario driven by nonrelativistic matter plus theshift is bigger than or at least equal to the age of its oldest
generalized Chaplygin ga8§GCGCDM). For UDME sce- objects. In this case, the comparison of these two quantities
narios we adopt in our computatiof$,=0.04, in accor- implies a lower(upped bound for A (@), since the pre-
dance with the latest measurements of the Hubble parametedicted age of the universe increas@ecreasesfor larger
[24] and of the baryon density at nucleosynthd®5]. For  values of this quantitfsee Fig. 1L Note also that the age
GCGCDM models we assunfe,,=0.3, as suggested by dy- parameteH,t, is almost insensitive to the parametebut it
namical estimates on scales up to abobt 2Mpc [3]. For  depends strongly on variations 8. This means that age
the sake of completeness an additional analysis for the coreonsiderations will be much more efficient in constraining
ventional case4¢=1) is also included. the sound speefd, than the values of the parameter

The plan of this paper is as follows. In Sec. Il we present To quantify the above considerations we follp@26] and
the most relevant formulas for our analysis, as well as théntroduce the expression
main assumptions for the age-redshift test. We then proceed
to discuss the constraints provided by this test on the cosmo- t, g(Q A a2)
logical scenarios described above in Sec. Ill. We end this e e 7)
paper by summarizing the main results in the Conclusion Ly Hotg
section.

wheretg is the age of an arbitrary object, say, a galaxy or a
quasar at a given redshitandg({};,As,@,2) is the dimen-
sionless factor defined in E@5). For each extragalatic ob-
The general Friedmann equation for the kind of model wgect, the denominator of the above equation defines a dimen-
are considering is sionless age paramef€g=H,t,. In particular, the 3.5-Gyr-
old galaxy (53W09) at z=1.55 yields T4=3.5H, Gyr
R\ 2 R\3 which, for the most recent determinations of the Hubble pa-
(_) :Hz[Q,(_O +(1- Q)| At (1-AY) rameterH,=72=8 kms *Mpc ™! [24] takes values in the
R °UR . interval 0.228<T,<0.286. It thus follows thal;=0.229.
U(a+1) Therefore, for a given value dfl,, only models having an
] , (4 expanding age bigger than this valuezat1.55 will be com-
patible with the existence of this object. Naturally, similar
considerations may also be applied to the 4.0-Gyr-old galaxy
whereH, is the present value of the Hubble parameter and53W069 at z=1.43 and to the 2-Gyr-old quas&aAPM
(); stands for the baryonic matter density paramejer k) 08279+5255 at z=3.91. In this case, we obtain, respec-
in UDME scenarios and the baryonie dark matter density tively, T=0.261 andl ;=0.131. To assure the robustness of

Il. AGE-REDSHIFT TEST

3(a+1)

Ro
X | —
R

parameter (=m) in GCGCDM models. the limits, we have systematically adopted in our computa-
The age-redshift relation as a function of the observabléions the minimal value of the Hubble parameter, ild,
parameters is written as =64 kms *Mpc!, as well as the underestimated age of
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the objects. In other words, this means that conservativparameter at the corresponding redshift with the arrows in-
bounds are always favored in the estimates presented hedicating the available parameter space allowed by each ob-
(see[24] for details. ject. As discussed earlier, the main constraints from this kind
of cosmological test are on the value of the paramitdsee
IIl. DISCUSSION Fig. 1). Note also that the allowed range for this parameter is
reasonably narrow. For example, for UDME scenarios the
Figures 2a) and 2b) show the parameter spagg-« for age-redshift relation for LBDS 53W091 and LBDS 53W069
a fixed value of the dimensionless age parametgl, for  require, respectivelya;=0.52 andA,=0.58, while the same
UDME and GCGCDM scenarios, respectively. For a givenanalysis for GCGCDM models provides,=0.72 andA,
object, each contour represents the minimal value of its age-0.80. As physically expected, the limits from age consid-

1.0 T I T I
. | UDME Models (, = 0.04)
L — 3.5Gyratz=1.55
0.6 - —— 40Gyratz=143
s L ==+ 2.0 Gyratz =391
04
i FIG. 2. (a) Contours of fixed
021~ age parameteHt, for the three
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erations are much more restrictive for GCGCDM modelsestimates of the above mentioned objects for the specific
than for UDME scenarios. It happens because the larger thease in whiche=1 (Chaplygin gas cosmologigsAs in Fig.
contribution of nonrelativistic matter(};) the smaller the 2, the arrows indicate the available parameter space allowed
predicted age of the Universe at a given redshift and, as by each object. The shadowed horizontal region corresponds
consequence, the larger the value of the paranfetéhat is  to the observed intervdl ,,=0.2—0.4[3] which now is used
required in order to fit the observational data. The most reto fix the lower bounds t#\s. By considering this interval,
strictive bounds onAg are provided by the quasar APM LBDS 53W091 and LBDS 53WO069 provide, respectively,
082795255 at z=3.91 whose age is estimated to be A;=0.85, A;=0.96 andA;=0.90, A;=0.99. These values
=2.0 Gyr [23]. In this case, we findA;=0.81 for UDME  are even more restrictive than those obtained in the previous
models. Our analysis also reveals that GCGCDM scenarioanalyses because the predicted age of the Universe is smaller
with Q,=0.3 are not compatible with the existence of thisfor larger values ofw. Such limits also provide a minimal
guasar once the predicted age of the universe=e8.91 is  total age of the Universe of the order of 13 Gyr. Finally, as
smaller than the underestimated age for this object. Thexpected from previous analyses, the quasar APM 08279
maximum age predicted by this model at this redshift is 1.7+5255 provides the most restrictive bounds on these cos-
Gyr (H,=64 kms *Mpc™?) for values ofa=0 and A,  mologies. In reality, its existence is not compatible with
=1 (the point of maximum age; see Fig. By inverting the  Chaplygin gas cosmologiest& 1) unless the matter density
analysis, i.e., by fixing the values aof and A, it is also  parameter is<0.17. Such a result may be used to reinforce
possible to infer the maximum allowed value of the matterthe idea of dark matter—energy unification if UDME models
density parameter in order to make GCGCDM models comare not only compatible with the existence of these tagh-
patible with the existence of this particular object. Fer objects(and, as a consequence, with general age consider-
=0 andA,=1, we findQ,,<0.21. In other words, it means

that if the age estimates for the quasar APM 0823255 TABLE I. Limits to As.
are correct there is an “age crisis” in the context of
GCGCDM models for values of the matter density parametePbject UDME GCGCDM

0,=0.21. We still recall, in line with the arguments pre-
sented in[23], that recent x-ray observations show an Fe/O
ratio for this object that is compatible with an age of 3 Gyr. ;IETASOZi\;Vg?ergzss ﬁsig';i A= 06;80
In this case, GCGCDM models are compatible with the ex- s— -

LBDS 53W091 As=0.52 As=0.58

istence of such an object only for values @f,<0.1. The Chaplygin gas ¢=1)

restrictive bounds imposed by the age estimates of the quasar (r=0.2 2y=04
APM 08279+5255 onA CDM models, on quintessence sce- | gps 53W091 A.=>0.85 A=>0.96
narios with an equation of stae=wp (—1sw<0), as | gps 53W069 A=0.90 A.>0.99
\[/vel]l as on the first epoch of quasar formation can be found in\pp1 98279+ 5255 _a _a
27].

In Fig. 3 we show thé\s-Q),, diagram allowed by the age °The entire range is incompatible.
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ationg but also provide the best fit for the SNe dgt&]. The  straints on the free parameters of these motkes Table )l
main results of the present paper are summarized in Table In particular, we found that, similarly to models with a relic
cosmological constant, there is no “age of the Universe
IV. CONCLUSION problem” in the context of UDME scenarios while
) . ) ) GCGCDM models are incompatible with the age estimates
We have investigated new observational constraints fromys the quasar APM 082795255 for values of)=0.21. This
age estimates of highobjects on generalized Chaplygin gas result may be understood as a backup to the idea of dark
cosmologies. Two different cases have been analyzedyatter—energy unification if UDME models also provide the
namely, UDME scenarios in which the dynamics of thepest fit for SNe la dat#l5]. However, we emphasize that
present day Universe is completely determined by the genynly with new and more precise sets of observations will it
eralized Chaplygin gas and the observed baryonic contere possible to show whether or not this class of models con-
(©,=0.04), and GCGCDM models in which the general-stitytes a viable possibility for unification of the dark matter

ized Chaplygin gas plays the role of dark energy only and isyng dark energy scenarios.
responsible for the dynamics of the Universe together with

the dark matterQ,,=0.3). The former kind of cosmological

scenario is inspired by the ideas of dark matter—energy uni- ACKNOWLEDGMENTS
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