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Generalized Chaplygin gas and cosmic microwave background radiation constraints
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We study the dependence of the location of the cosmic microwave background radiation peaks on the
parameters of the generalized Chaplygin gas model, whose equation of state is gpven-#/p“, whereA
is a positive constant and<Ow<1. We find, in particular, that observational data arising from Archeops,
BOOMERANG, supernova and high-redshift observations allow constraining significantly the parameter space
of the model. Our analysis indicates that the emerging model is clearly distinguishable frersth&hap-
lygin case and thét CDM model.
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I. INTRODUCTION as discussed in Ref2], it is only for values in the range 0
<a=<1 that the analysis of the evolution of energy density
It has been recently suggested that the change of behavifiuctuations makes sense.

of the so-called dark energy density might be controlled by |t was also shown in Ref2] that the model can be de-

the change in the equation of state of the background fluidcribed by a complex scalar field whose action can be written

[1] instead of the form of the potential, thereby avoiding theas a generalized Born-Infeld action corresponding to a “per-

well known fine-tuning problems of quintessence modelsyrphed” d-brane in a d+1,1) spacetime. It is clear that this

This is achieved via the introduction, within the framework ,odel has a bearing on the observed accelerated expansion

of Friedmann-Robertson-Walker cosmology, of an exoliCyt the Universd3], as it automatically leads to an asymptotic

background fluid, the generalized Chaplygin gas, describefl, se where the equation of state is dominated by a cosmo-

by the equation of state logical constant, #GAY** ¢ |t was also shown that the
model admits, under conditions, an inhomogeneous generali-
A zation which can be regarded as a unification of dark matter
Pen="— p_ah’ (1) and dark energy4,2] and that it can be accomodated within
Cc

the standard structure formation scenafi®4,5. Therefore,
) . , the generalized Chaplygin gas model seems to be a viable
wherea is a constant in the range<Ge<1 (the Chaplygin  jternative to models where the accelerated expansion of the
gas corresponds to the cage=1) andA a positive constant.  ypjverse is explained through an uncancelled cosmological
Inserting this equation of state into the relativistic energyconstant(see[6] and references thersior through quintes-
conservation equation leads to a density evolving2as sence models with onf@—16] or two scalar field§17—19.

These promising results have led, quite recently, to a wave

of interest aiming to constrain the generalized Chaplygin
' 2 model using observational data, particularly those arising
from SNe la[20-25.

In this work, we shall consider the constraints arising
wherea is the scale factor of the Universe aBcan integra-  from the positions of the first three peaks of the cosmic mi-
tion constant. Remarkably, the model interpolates between @owave background radiaticitMBR) power spectrum on
universe dominated by dust and a de Sitter one via a phasfe parameter space of the generalized Chaplygin gas, apply-
described by a “soft” matter equation of state=ap (@  ing the same method that has been used recently to constrain
#1). Notice that even though E@l) admits a wider range quintessence modelsee e.g., Ref§27-29).
of positive a values, the chosen range of values ensures that \We find, in particular, that the positions of first and third
the sound velocity €= aA/pl “) does not exceed, in the peaks lead to fairly strong constraints although a sizeable
“soft” equation of state phase, the velocity of light. Actually, portion of the parameter space of the model is still compat-
ible with BOOMERANG and Archeops data. Further corre-
lating the resulting region with the observations of supernova

1/(1+a)

pch=| A+

a3(1+ a)

*Email address: bento@sirius.ist.utl.pt and high-redshift objects leads to quite tight contraint on the
TEmail address: orfeu@cosmos.ist.utl.pt parameter space of the generalized Chaplygin model. It is
*Email address: anjan@x9.ist.utl.pt important to stress that the generalized Chaplygin gas differs,
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as discussed in Ref23], from quintessence and tracker clearly different fromA CDM. Another relevant issue is that
models in what concerns the so-called “statefinder” param+the sound velocity of the fluid is given, at present, o
eters (,s) [26]: and thusaA<1. Using p,o/pcho=Lr0/1—Q0— Qpo and
1 pbO/pchOZQbO/l_QrO_QbOI we obtain

a r—
B S 3g-12 © H2=Q poHEa “X?(a), )

r

whereH=a/a is the Hubble parameter amp= —a/aH? is with
the deceleration parameter. Moreover, only for fairly small Q. Qpoa
values ofa the generalized Chaplygin gas becomes indistin- X@=1-g —a0-"1-a.—0
guishable from the cold dark matter model with a cosmologi- o 7Tho o 7Tho
cal constant ACDM). Hence, future SNe la surveys for

high redshifts may allow a clear discrimination between the +a*
generalized Chaplygin gas proposal and quintessence mod-

els. Using the fact thaH?=a 4(da/d7)?, we get

(1_As) 11+«

Ast a3(1+a

®

Il. LOCATION OF CMBR PEAKS FOR THE da

GENERALIZED CHAPLYGIN GAS 9

T
The CMBR peaks arise from acoustic oscillations of the ¢
primeval plasma just before the Universe becomes transpaso that

ent. The angular momentum scale of the oscillations is set by

-1
the acoustic scalk, which for a flat Universe is given by _m| (* da [ ras da _
A== 1. (10
B csl Jo X(@) | Jo X(a)
|A:7TT°_ T'S, (4) In an idealized model of the primeval plasma, there is a
CsTis simple relation between the location of timeth peak and the

. acoustic scale, namely,~ml,. However, the location of
where 7, and 7; are the conformal time today and at 1ast yhe peaks is slightly shifted by driving effects and this can be
scattering andts is the average sound speed before decoucompensated by parametrizing the location ofriivéh peak,
pling. Im, as in[30,27

The prior assumptions in our subsequent calculations are
as follows: density parameters for radiation and baryons at Im=Ia(M—¢p). (11)
present(),,=9.89x10"°, O,,=0.05, average sound ve-

locity cs=0.52, scalar spectral index=1 and h=0.65.
Moreover, our conventions for the scale factor are: at prese
ap=1 and at last scattering,s=1100 1.

We start by computing, for the case of the generalized
Chaplygin gas. Rewriting Eq2) in the form

It is not in general possible to derive analytically a rela-
tionship between the cosmological parameters and the peak
r%khifts, but one can use fitting formulas that describe their
dependence on these parameters; in particular, we have for
the spectral index of scalar perturbatioms 1 and for the
amount of baryon$),,h?=0.02[30,27]

0.1
: (12)

11+«

r
, ) <P1“0-267<0—|_53

(1_As)

Ast a3t a

Pch= Pcho

where A;=A/plis* and pepo=(A+B)Y1* ¢, the Friedmann wherer,s=p,(zs)/pm(zs) is the ratio of radiation to matter
equation becomes at last scattering. Since, according to our dark matter-energy
unification hypothesisp., will behave as dust or non-

8mwG 1-Ag | M relativistic matter at last scatterin
HE=—2 | 20+ T8 +pero As+—(as(1+j) . ® ’
__ Pcho U+ a
where we have included the contributions of radiation and Pen™ a3 (1=A) ’ (13
baryons as these are not accounted for by the generalized
Chaplygin gas equation of state. we get
Several important features of E¢) are worth remarking.

First of all, Ag must lie in the interval &A =<1 as otherwise Qo agt
Pcn Will be undefined at soma. Secondly, forA;=0, the r|s=Qcho (1—A,Uira
Chaplygin gas behaves as dust and, Aqr=1, it behaves s
like a cosmological constant. Notice that only fe=0, the 0..a-l
Chaplygin gas corresponds toAsCDM model. Hence, for = r0%s . (14
the chosen range of, the generalized Chaplygin gas is (1= Q0= Qpo) (1AM«
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FIG. 1. Dependence of the position of the CMBR first pdak,
as a function ofa for different values ofAg. Also shown are the
observational bounds oh from BOOMERANG (dashed lines

[see Eq{(15)] and Archeopsfull lines) [see Eq(16)].

Using Eqgs.(10) and(11)—(14), we have plotted in Fig. 1,

as a function ofx for different values ofAs, where we have
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FIG. 3. Contours in the &,As) plane arising from Archeops
constraints or; (full contoury and BOOMERANG constraints on
I; (dashed contoly supernova and APM 082%%255 object. The
allowed region of the model parameters lies in the intersection be-
tween these regions.

also drawn lines corresponding to the observational bounds ,=220*6. (16)
onl; as derived from BOOMERANG31] (dashed lines

|,=221+14

and Archeops datg32] (full lines)
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FIG. 2. Dependence of the position of the CMBR third peak,
as a function ofa for different values ofAg. Also shown are the

observational bounds dn (dashed lines[see Eq(18)].

Notice that, sincexA;<1, for a specific value of\¢ curves
end where this relation gets saturated\=1.

It is very difficult to extract any constraints from the po-
sition of the second peak since it depends on too many pa-
rameters, hence we shall disregard it hereafter.

As for the shift of the third peak, it turns out to be a
relatively insensitive quantit}28]

©3~0.341. (17)

Figure 2 showdj as a function ofx for different values of
A, where the dashed lines are the current lower and upper
bounds on; as derived from BOOMERANG da{s1]

|;=845"32. (18

We see thal; puts rather tight constraints on the parameters
of the model,a andAg.

Figure 3 shows the constraints on the parameter space of
the generalized Chaplygin gas model, tidg («) plane, that
are obtained from the observational bounds on the location
of the first(full contoun and third(dashed contolrCMBR
peaks. Hence, from the CMBR point of view, the allowed
region of the model parameters lies in the intersection be-
tween these two contours.

Ill. DISCUSSION AND CONCLUSIONS

In this paper we have shown that the location of the
CMBR peaks, as determined via Archeops and BOOMER-
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ANG data, allows constraining a sizeable portion of the pa-of the generalized Chaplygin gas model. Correlating the re-
rameter space of the generalized Chaplygin gas model. Waulting constraints with SNe Ila, redshift objects and, for in-
should stress, however, that our analysis relies on the priotance, gravitational lensing data may uniquely determine
explained at the beginning of Sec. II. these parameters.

Our results indicate that the constraints arising from the

position of the first peak, as recently announced by the Ar- Note added in proof Aiter submitting th's. article, we
cheops Collaboration, imply, fore<1, that 0.57%A became aware of three papers related to this work. In Ref.
=091 ' ' ' ' s [33], the authors claim that we overestimate the peak posi-

: : . ions; however, it should be noted that our priors differ from
On the other hand, the location of the third acoustic peak, .~ ' .
arising from the BOOMERANG Collaboration provides %heilrr‘s. ;e];ﬁ;%rgéiig ?ggs(,:ilggejntigg;ttigi ?ne:deerﬂ‘lgrega?l??rt
strong constraints on the parameter space of the model, ‘J%g 9

indicated in Fig. 3dashed contour regipnNotice that com- ergiy and d?;k n:stterﬁon:y fﬁlb: 0; howe\;]gr,hthe ?(;thor.s do
patibility with data requires that only the fairly small inter- not account for the efiect ot baryons, which could be impor-

. L . _ ~tant, and they use a linear approximation in a regime where it
fne(frtérjgcgii'ig?e:]iya'xx‘;]e‘é,\fgﬁta'z;ﬁag&ig ti‘;gfﬁg is unlikely to work. Finally, in Ref[35], the results of34]
: . - were used and the generalized Chaplygin gas model was ana-
=0.85[24] and this, together with the bound arising from lyzed in a regime where it is clearly indistinguishable from a
the age of the APM 082795255 quasarA.=>0.81 [25], é’osmologica? st y 9
finally lead us to the following constraint#, 0.81<A, '
=0.85, and 0.Za=0.6. We stress that the allowed region
in Fig. 3 is clearly distinct from the Chalpygin gag€1)
and theACDM model. A.A.S. is grateful to T. Barreiro for useful discussions.
Clearly, with future high precision measurements of theM.C.B. and O.B. acknowledge the partial support of Fun-
MAP and PLANCK satellites, we expect that the position ofda@o para a Ciacia e a TecnologigPortuga) under the
the first three peaks will be determined with very high accu-grant POCTI/1999/FI1S/36285. The work of A.A.S. is fully
racy, thus allowing further constraints on the parameter spadianced by the same grant.
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