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Stable accelerating universe with no hair
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After reviewing the main characteristics of the spacetime of accelerating universes driven by a quintessence
scalar field with a constant equation of statewe investigate in this paper the classical stability of such spaces
to cosmological perturbations, particularizing in the case of a closed geometry and equation of%faé
We conclude that this space is classically stable and conjecture that accelerating universes driven by quintes-
sential fields have “no hair.”
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[. INTRODUCTION the allowance of world lines traveling backward in time.
Relative to the case of a positive cosmological constant, this
Knowing the fate of the universe has always been thenay become one of the strongest arguments in favor of quin-
main goal of cosmology. The speculation on what the futurdessence.
of the universe might be has now become even more com- Along the evolution of the universe from its quantum era,
plicated. Following recent observations in supernovas type I#acking models can actually be represerjted] as a succes-
[1], a real revolution has stirred cosmology, leading to asion of w=p/p=const domains, ranging from=+1 to
plethora of new views, concepts and finally to an emerginge=—1, separated by abrupt jumps and followed by the
entirely new cosmological scenario which some like to callpresent accelerating expansion with;>w>—1, which
the new standard cosmolody]. Critically pivotal in such a  evolves from an attractor solutid6,12,13 and may or may
scenario is the already overwhelmingly accepted view thapot be characterized by a constasnt However, it seems to
the expansion of the present universe is accelerdtfjg be a good enough approximation to also represent the present
Whether this acceleration will continue forever or will stop period of dark-energy dominated evolution by a quintessence
to recover decelerating expansion is still not known. The keynodel withw = const. Therefore, investigating the spacetime
ingredient that provides the repulsive force required by arof eternally accelerating universes whose expansion is driven
accelerating universe is cosmic dark energy, which, thouglby a quintessence scalar field with a constant equation of
not directly detectable, should make up nearly 70% of thestate and does not show a future event horizon appears to be
total energy content in the universe. So far, two main candiof interest. This will be done in the present paper, specializ-
dates have been considered for dark energy: a positive cog in the cases=— 3. We shall also deal with the issue of
mological constanit4] and the so-called quintessence field, athe stability of this eternally accelerating universe by consid-
slowly varying scalar field with negative pressure which onlyering the cosmological Lifshitz-Khalatnikov perturbations
recently (in cosmic tim@ has started to dominate over all [14] on it. We check that the considered spacetime is stable
forms of matter[5,6]. Several compelling arguments have and we advance the conjecture that an eternally accelerating
been advancefb-7] in favor of cosmic quintessence with closed universe has no hair.
respect to the cosmological constant. The paper can be outlined as follows. In Sec. Il, we re-
It has recently been argued, howey8r10], that if the  view the solutions to the Einstein equations corresponding to
accelerating expansion continues eternally, then a future quintessence scalar field with constant minimally
event horizon will inexorably form and this would representcoupled to Hilbert-Einstein gravity, both in the static and
the demise of any mathematically consistent formulation oftosmological cases, for the whole range of state equations
quantum gravity and string theory, both in the case in whictthat covers all possible universes with accelerating expan-
the universe is now dominated by a positive cosmologicakion. We particularize in the case= — 5 whose Friedmann-
constant or by a cosmic quintessential field with a constanRobertson-WalkefFRW) metric is considered in some detail
[5] or time-depender{i6] equation of state. This may be one for the different geometries of the universe. The Lifshitz-
of the greatest challenges ever posed to theoretical physickhalatnikov cosmic perturbations of this spacetime are stud-
The formation of a future event horizon, which would makeied in detail in Sec. Il and it is checked that the spacetime is
it impossible to construct any consistedimatrix for string  stable for them. We also advance the conjecture that an eter-
theory, is an unavoidable consequence of the causal futumally accelerating closed universe has no hair, discussing it
development of any initial surface in the accelerating uni-by comparing with the purely de Sitter space. Finally, we
verse if quantum coherence is to be preserved. Neverthelesgnclude and add some further remarks in Sec. IV.
there exist solutions to the static Einstein equations for an
eternally acce_lerating universe enqlowed with a qL_JintessencR THE SPACETIME OF AN ACCELERATING UNIVERSE
scalar field with a constant equation of state which do not
show any event horizoflL1]. This is made possible because = The spacetime of the accelerating Friedmann-Robertson-
such solutions possess a Kleinian signature that can lead Walker (FRW) universe endowed with a quintessence scalar
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field with constant state equation parametet>w>—1 surface at= +« from t=0 would find themselves emerging
corresponds to maximally symmetric spaces with negativérom the infinity surface at= —«, towardt=0, and any of
spacetime curvature which are solutions of the Einsteirsuch lines approaching the infinity surfacetat—o« also
equations. Since the conservation law for a generic quintefrom t=0 would emerge from the infinity surface &t
sence scalar field should be taken to dp=a(t) 3+« +o, again toward=0. None of these world lines had then
[wherea is an arbitrary integration constait,is the energy reached any of the infinities. Thus, if the universe can be
density of the quintessence field, amqt) is the time- described as a compactified complete wormhole the way we
dependent scale faclporthe Friedmann equations for the have just described, then light signals traveling backward in
quintessential accelerating universe EtB| time existed and could connect the whole spacetime in such
a way that no event horizon would form up in the fut{it&].

N 47G(1+3w) This by no means implies the existence in the accelerating

2430}
a a 3a 0, (2.0 universe of any nonchronal regions containing closed time-
like curves because for these curves to occur in our space-
32 , 817G .. 1 time it would be necessary that 'Fhe two qsymptotic regions at
_2§H :3—a ( +“’)i?, (2.2 t==+co were also set into motion relative to one another
a @ Ra [18], which is not possible for the universe.

. . . o : In what follows, we shall interpret the throat of the worm-
in which H is the Hubble constang”“ is the spatlgl cuva- hole att=0 as the latest hypersurface of the universe imme-
ture constant, and the overheaq dot denotes d'ﬁere.nt'at'oaiately before the onset of the accelerating regime. This will
with respect 'to timd., the t_hat if we sew=—1, the first make the value of the constanB7G very large. The three
term of the rlght-hand side n Eq2.2) becomes a constant, possible geometries associated with the FRW metric that cor-
and we obtain then a solution for the scale factor that defespond to solution2.4) with K#0 lead to the following

scribes just de Sitter space. Here we ghall res_trict our SelVe@(pressions for the scale factor in terms of the conformal
to solve Egs(2.1) and (2.2 in two particularly interesting time 7= [dt/a(t)

cases. When we set=— 1, i.e., at the onset of the acceler- : : -240-
. : L3 S8 R “>0:
ating regime, we obtain the soluti¢h6] (1) Spatially close 0

3a
87GR2 cof(7/(2R))’

1 a(n)=

a(t)= ?—R—H— Ko, (2.3 29

whereKj is an integration constant. Whereas in the spatiallyWlth

closed case wittR ?=87G/(3«) the scale factof2.3) re-

duces to a simple constant that describes an Einstein static n=2R arcta+R
universe, in the spatially flat and open cases, or WReA

<8wG/(3a) for closed geometry, the universe will expand
in just the uniform way.

For a constant equation of state with=— %, i.e., at the
typically most interesting situation in which the universe ex- a(n)=——0,
pands in an accelerating fashion quite adjustable to what has 27G7n?
been observed in recent supernova experimghi3], the
scale factor solution to the Friedmann equatioBs) and  with
(2.2 can generally be written

477Gt”
K+ . (2.6
3a

(i) Spatially flatR=2=0:

3a

(2.7)

27Gt? 3a(K2+R?) =T i Gt 2.9
_ 7Gt
a(t)= —g—+Kt+ —o—=. (2.9 Ko+ =

If, without any loss of generality, we set the integration con-
stantK =0 (in what follows, it will be seen that when we
reexpress the scale factor in terms of the compactified time 3
7, the resulting solution does not explicitly depend K a(n)=— @ ,
then this solution described the FRW spacetime of half a 87G|R|? cost(7/(2|R]))
Lorentzian wormholg17], from a throat at=0, wherea
=a,=3a/(87GR?), to the asymptotic region at=+«.  with
We furthermore notice that if foK=0 we allowed timet

also to take on negative values fram 0 down tot=—oo,

then a complete wormhole would be obtained. Let us next
assume for a moment that the two asymptotic regions at
=+*oo are identified to each other so thdt8] any world  Note that in all three cases the scale factor does not explicitly
lines for test particles or light signals approaching the infinitydepend on the integration constadt

(iii ) Spatially operR™?<0:

(2.9

477Gt
K+ ” (2.10

77=—2|R|arctan+ R 30
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Although particular values of the parametersuch asw ~ whereK,, K,, andK; are integration constants which are
=—% andw=—$% would strictly make the usual sense only arbitrary unless by the conditiok;K;=—1. This metric
for homogeneous and isotropic FRW spacetimes, if we keephows an event horizon at
an equation of statp=wp also in the case of spacetimes
with static, spherically symmetric coordinates, one can also
obtain the static metrics which correspond to the above par- r=rn=
ticular cases for a given, fixed relation between the energy

density and the metric components, much in the same way gghich marks the transition from a Kleinian-signature metric
the static metric for de Sitter space can be derived from they r <y, to a Euclidear(Riemannianmetric forr>r,,. For

Einstein equations for static, spherically symmetric coordihe entire range ok values in the accelerating intervall
nates and an equation of stgie= wp, whenever we seb > > _1 we have the solutiofl1]
=—1. That static de Sitter metric can directly be related

3aKsK? 87G\ °

8nGK2 3aKj

with a corresponding FRW metric for de Sitter space ob- A(r)=K(w,a)r/+e)
tained from Eqgs(2.1) and(2.2) also foro= —1 by means of
embeddings in a common five-dimensional hyperbolsie w?+6w+1
Refs.[20] and[21]). We next consider the generic metric that B= T
describes the spacetime in static, spherically symmetric co- (I w)
ordinatest,r, 6, ¢ for an equation of statp=wp and posi- where
tive spatial curvature, corresponding to an ansatz
27G(1+ ZB 2w/(1+ )
ds?=—A(r)dt?+B(r)dr?+r2dQ3, K(w,a)=<M) :
wa
where d(}; is the metric on the unit two-sphere, aAdqr) —l<wo<-1.

andB(r) are metric coefficients depending only on the radial
coordinater. Following Ref.[11], we take as the components Note that in the considered interva, reduces to a simple

of the energy-momentum tensmf:TZ:Tg:p and T8= dimensionless constant which is negative definite. Besides
—p, that is,T[=TZ:T$=—wT°, and hence we have the being singular at the origin of radial coordinatethe two
Einstein equations most interesting properties of this solution &reit does not
show any event horizofso that all world lines should nec-
1/1 A 1 1 [2A" (A")? 2B’ essarily be always connected to each other in both the static
8mGwp= B r_2+ Al ﬁ: 2B T_?_ B spacetime and, in spite of corresponding to an accelerating

FRW spacetime, the cosmological spacetime described by
metric (2.4)], and (ii) it has a Kleinian definite signature

_ ﬂJr & , (=— + +) [this is consistent with propertyi) and with a
AB rA Lorentzian wormhole interpretation of the FRW metric with
scale factor2.4)]. In this paper, we shall concentrate on the
1/1 B 1 particular valuew= — % which corresponds to a FRW metric
87Gp=—7 2 B (2 that predicts an accelerating universe which conforms well to

supernova results. In this particular case, the above solution

in which the prime denotes a derivative with respect to theeduces to
radial coordinate&. On the other hand, the components of the
energy-momentum tensor must satisfy the gravitational equa-

tion [11] T!ﬁk:O. From this equation, we can now obtain a

relation between the metric componeX(r) and the energy

density p,A(r)' = —2wA(r)p'/[p(1+ w)], which can be Most recent results on the large-scale curvature of the
immediately integrated to givep=A(r) ~(1*)(29) with o  Universe provided by BOOMERan{39] and other cosmic
again an arbitrary integration constant. Note that gor ~ Microwave backgroundCMB) anisotropy experiment20]

— 1,0 becomes a simple constant, so that the Einstein equdndicate that the universe is flat with a 95% confidence inter-
tions are straightforwardly solved to produce the well-knownVal- This leaves a 5% uncertainty which, from the qualitative

static de Sitter metric. In the case= — %, we can obtain the standpoint, tells us that the geometry of the universe can still
solution[11,16 be open or closed. On the other hand, along the development

of physics we usually find that the apparently most simple
87GK, 3aK, situati_ons(circular orbits for planets and atomic electrons,
A(r)=K,— 1+ 5 (2.1  spherical symmetry, efcwere often not the real case, but
3a 8mwGr just a good approximation. If flatness is taken to represent
5 the simplest possible geometry of the universe, we shall ad-
8wGr here to this empirical tendency by choosing for our acceler-

3a )A(r) ' ating universe with the quintessential equation of state
(2.12 — 2 aclosed geometry, hoping that, as for previous historical

4
, B=-23. (2.13

A(r)=

237Gr?

-1

Ks+

B(r)=—[
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examples, this finally uncovers a richer structure. Moreover, Vangl,):O, Hgn)a:o,

one should expect that the conclusions on the stability of the

universe against cosmological perturbations that we are gqyhereQ(™, S, andH{) are, respectively, the scalar, vec-
ing to obtain in the next section for closed geometry wouldor, and tensor harmonid@1,22), andn is an integer order.
also be shared by flat geometry. In any event, a detailed |ngerting Eq.(3.1) into the perturbed expressions for the
consideration of the cases for flat and open geometries is leijstein equations and the energy density and velocity com-

for future rese.arch..lt is only for thg sake .of completenessbonems, and using the above definitions, we finally obtain
that we shall finally include the metric solution for any con- hrime denotes differentiation with respect 49

stantw in the accelerating interval for the flat geometry. In

FRW coordinates, it reads oa'n' 1
N+ —=1(I+2)(\+u)=0, 3.6
67G(1+ )22 YB3+ w)] 31 (1+2)(A+ ) (3.9
ds?=—dt>+ —)
@ ! !

@2+ s Tacien

X (dr2+r2dQ3). (2.14 p'+(3C5+2)——+ 2(3C+1)
This line element is valid for al 2>w>—1 and is asso- S [1(14+2)=3](A + 1) =0, 37

ciated with a corresponding static metric for any accelerating

value ofw [11] of which the metric coefficients in Eq2.13 2a' o'

become just the case fas=—%. Therefore, metrid2.14 o+ =0, (3.9
and its static counterpart should possess exactly the same a

properties as were discussed before for mettkd) and

! !

(2.13. Ve 142)0=0, (39
Ill. COSMOLOGICAL PERTURBATIONS
In this section, we shall first briefly review those math- and
ematical aspects of the perturbative technique developed by 5p  a(y=0)2
Lifshitz [14] which will be used later to investigate the sta- op _n= [1(1+2)—3](A+ )
bility of our closed accelerating universe. For a closed FRW P 9a?
spacetime, perturbations of the four-metric are introduced by .,
Oab=0apt hap, with the perturbations satisfying the gauge +3a_’“)Q, (3.10
h00=h0a=0,a,b, PR :0,1, PR ,3, anm,ﬁ, PR :1, PR ,3. a
It is work remarking that, although we are working in an
isotropic framework with a reference system which is always p«
synchronous, after this choice of gauge it is no longer a ov=——————{I(1+2)p’
comoving system because the perturbations on the spatial 171-(a'la)%]
components of the four-velocity can be generally nonzero +[1(1+2)—3]\"} (3.1)

[14,22,23. Perturbation of the Ricci tensor and, hence, the
Einstein equation, energy density, and velocity can then bgyr scalar harmonics, and
derived(for details, see Ref$21,22)) by taking as the most
general metric perturbation Sp
—=0, dév*=[I(1+2)—3]o’'S" (3.12
haﬁ:}\(n)PaB+M(77)Qa,8+o-(n)saﬁ+v(77)Haﬁv(3 1 p

for vector harmonics.
where the coefficients, w, o, andv depend only on they
time parameter, an®,z, Q.p, S,p, andH,z are tensor A. Scalar harmonics

h i hich defined hg2 . . . )
armonics which are defined 92} The differential equations for they-dependent coeffi-

1 ) cients\ and u, representing metric scalar perturbations of a
Qup=3 YapQ. Vav,QM=(1-n?)Q™, (3.2  closed FRW geometry for the scale factars), can be writ-

ten as
p VR 6 g _ysiv.S N2 tan g2\ —H(1+2)(A+u)=0, (3.13
BTN (1+2) aBs ap™ VaOpT VpSas
(33 p'=35[1(1+2)=3](\+u) =0,
sl =2-m)s), visl=0, (349 (3.19
while the perturbations for energy density and velocity com-
V,VaH®M =(3-n?)H®, (3.5 ponents become
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Sp cos(nl2) Our task now is to solve Eq$3.24 and (3.25. Since
r :T{[l (1+2)=3](A+ ) obtaining exact solutions to these equations in closed form is
very difficult, we shall derive approximate solutions in the
+3tanyu’}Q, (3.15 extreme cases when—0 (i.e., at the beginning of the ac-
celerating phaseand »— 7 (i.e., toward the asymptotic fu-
pe ture of the eternally accelerating expangioin the first
ov= {Ha+2)u’ stages of accelerating expansion wigk¢1, Eq. (3.25 can
141~ tarf(»/2)] be approximated up to second orderzras
+[I(1+2)=3]\"}, (3.1
—ny"+5(12= )y’ +[51(1+2) = z]19y=0.
where we have consistently taken for the speed of sound (3.26
Cs=0plsp=w=—1%, (3.17  Atthe smallesty the solution can in turn be approximated in

. . , ) terms of the Bessel functiod, in the form
which corresponds to a quintessence scalar field with con- o,

stant equation of state=— 3 [12]. 3 T

The differential equation$3.13 and (3.14) still contain y=n"Jd Na—5l(1+2)7]. (3.27)
some residual gauge freedom for a complete specification o 3/
the choice of coordinatefl4,21,23. Such an unphysical As 7—0, we then have/e 5" It follows that for the aux-

g . _ _ 2 .
gauge corresponds in the present case to the particular solilJ'f’“_y funct|ons§o§ 7, {x—4(1=7 /.3)' anq hence, since all
tions residual gauge given by Eq®.10 will vanish asy—0, one

consistently concludes that the metric and dark enédgy-
A=—pu=const, (3.18 sity and velocity componentgerturbations all vanish as one
approaches the onset of the accelerating region. Had we cho-
A=1(1+2)(n+siny), sen for the Bessel function any of the functidts[23], then
(3.19 all the above perturbations would be pure imaginary and
u=—1(I+2)(n+siny)+3siny. divergent asp—0.
Of greater interest to study the stability of our eternally
These solutions will be conveniently subtracted from theaccelerating universe is to consider the behavior of perturba-
general solutions to Eq$3.13 and (3.14. The latter solu-  tions in the asymptotic regiop— 7 (i.e., t—). Thus, we
tions will be obtained with the help of the auxiliary functions next look at the solutions to Eq$3.24 and (3.25 as 7
§ and{ introduced by the substitutions — . Let us first introduce the change of time coordinate
=tan(»/2) in Eq.(3.25 which then becomes

)\+,u=3sin7]f§d7], (3.20
—(1+x2)2ﬂ+ E(1—x“)ﬂ+[§l(l +2)—1+3x%ly=0
dX2 X dX 3 y ’
)\’—,u,’=2|(|+2)(1+C037])ffdn (3.289
which for largex and even moderateadmits an approximate
-3 COS??f §dn+cosy. (3.2)  solution again expressible in terms of the Bessel funclign
ie.,
When substitution$3.20 and(3.21) are introduced in Egs.
(3.13 and (3.14), we obtain the new coupled differential y=vcol(/2)J zz34 v8I(I+2) —1col( 7/2)].

equations
As n— r, this solution reduces to
& +col( pl2)é+3[1—3seé(9/2)]¢=0, (3.22 B
y[cot( 7/2) ]9, (3.29
' +[tan(n/2) —tann]{+{21(1+2)(1+secy)

—3[1—tanytan( 7/2)]} =O0. (3.23 or when expressed in terms of the auxiliary functignand

Z!
Straightforward manipulations on these equations lead fi- ‘
nally 1o P | g=A()sin 2(z/2)[cotl 7/2)] P2 (3.30
[=—secncol(n/2)y’ (3.24 ~1secn(1+13)¢, (3.3)
—y"+cot( p/2)y’ +[21(1+2)— 1+ 2 tarf(7/2)]y=0, where A(l) is a finite constant that depends only band

(3.25  Whose precise value is not of interest in this paper. The use
of these expressions in Eq8.20 and(3.21) leads finally to
wherey = & siré(7/2). the solutions for the perturbations coefficients
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A B. Vector and tensor harmonics

3+ \/—[B (D —12sirf(7/2)] For the case under consideration, perturbations associated

with vector harmonics are described by coefficients that sat-

X [cot( 7/2)]+ )12 (3.32 isfy the differential equation

A o"+2tann/2)c’ =0, (3.36
=— B(1)+ 12 sirf( 5/2 .
w== g el (9/2)] with
X[cot( 5/2)]+ T2 (3.33 Sp

— =0, & =[l1+2)=3]o’S". (3.37)

whereB(l) is a finite constant given by
The solution to Eq(3.36 can be given in closed form and
reads

B(l)= [1—13/8-1(1+2)],

5+ J—

and we have subtracted the unphysical gauge associated with
the particular solution given by Eq&.19, i.e., A =2C,(l whereC, and C, are arbitrary integration constants. Now,

+2)(n +siny)+C,, u= — 2C,[I(I + 2)(7 + siny)—3 from Egs.(3.37) it follows that ¢’ =0, so the constant,
sinz]—C,, with C, and C, two arbitrary integration con- should be zero too, and henee=C,. Therefore, as usual
stants. Using then Eq$3.19 and (3.16, we finally derive [14,21,23, vector perturbations correspond to unphysical
the perturbation in energy density and velocity component@U'® gauge and are hence irrelevant also for the eternally

for the quintessence field which are given by accelerating universe we are considering in this paper.
Let us next deal with the quite more interesting study of

T3 the gravitational waves associated with the perturbations

(5+13)/2

@ZZA(I)coé‘( ni2)[cot( 7/2)] generated by tensor harmonics. In our case, the coefficients

p 3(3+ \/1—3)cscz( 7l2) for such perturbations are described by the differential equa-
tion

0=Co+Cy1(2p+siny+3sin27y)), (3.39

—4[I(1+2)—3]—12siny cot( 5/2)

L5t F

v'+2tan »/2)v' +1(1+2)r=0. (3.39

(3.34 Two cases can now be distinguishedl #0, then the solu-
: tion for v( %) is formally identical to that fow () given by
Eqg. (3.38, but its interpretation is different. It physically
3+ T3)2 represents the time evolution of gravitational waves. We
:A(I)co§( n/2)lcot7/2)] [(1+2) have obtained that, even though the gravitational wave am-
(3+/13)cosy plitude does not vanish as— 7, it does not grow as—,
(5+ N at which limit v=C, =Cy+ 37 C,/4=const. The neat effect
= T B(hes@(5l2) +12] of the whole evolution fromy=0 to = 7 on the zero-mode
amplitude is an increase fro@, to C, . If 1#0, then by
introducing the coordinate change=sin(7/2), Eq. (3.39

—12sifj cot( /2)]?* »1_3)/2} —[1(14+2)—3] can be written as

[B(l)cs@(p/2)+12]1 Q

(5 \/—) (1-2%)v"+3zv' +m(m+4)r=0, (3.40
————[B(l)csé(5/2)+12] . . . o . .

in which m=2l. The solution to this differential equation
can most easily be expressed in terms of ultrasphe(@at
]Pa. (3.35 genbauer polynomialsC® [23] of odd degreen and reads

+12 sing[cot( 5/2)]@ 1312

v()=cos(9/2)CS) [sin(n/2)], 1>0. (3.41)
Equations(3.32—(3.35 vanish asy— 7. Had we taken any
of the two Bessel function$l, [23] instead ofJ, for the = We can then show that this solution becomes proportional to
solution of the differential equatior8.289, then we would t~%2 as one approaches the asymptotic limit 7. Thus,
have finally obtained the same expressions as B2j82—  these gravitational modéwhich all start with vanishing am-
(3.35, but with the sign for ally13 changed. These would plitude at »=0) become asymptotically suppressed as one
again vanish as)— m, so the accelerating closed universe goes tot=«. We have thereby excluded any unstable grow-
resulting from the presence of a quintessence scalar fielthg modes of the gravitational radiation in the accelerating
with constant equation of state= — % appears to be stable regime driven by a quintessence field with constant equation
to scalar Lifshitz-Khalatnikov perturbatlons of statew=— 3.
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C. No-hair conjecture thus connecting any otherwise causally disconnected regions,
Now, from the solution(3.38 for | =0 we obtain at large and hence preventing the formation of future event horizons.
t, This result could have considerable interest for particle phys-
ics and quantum gravity because it manifestly avoids the
27 serious, perhaps fatal difficulties for string thedand actu-
v ,e=C,+ 1287Gact: (3.42  ally any quantum field theory that depends on the presence

of particles at infinity posed by the existence of a future
Thus, even though the value of provided by Eq.(3.30  €vent horizor{8—10]. This would be just another reason in
would be expected to be larger than the corresponding valu@Vvor of preferring quintessence over a positive cosmological
for the zero modeyfjos)=C2=const, for de Sitter spade1], constant, since as_ymptotlcally de Slftter space inexorably
one may always choose the value of the cons@pt C,,  1€2ds to the formation of an event horizon. .
andC, such that(*) s becomes smaller tharl®) at suf- The stability of the closed space with accelerating expan-
P S o ; . . .
ficiently later times. Fot+# 0, from solution(3.42) at larget, smin |n2duce(:] by a qmr;tegserci f;sld wghlan iquatlon of state
we also obtain w=—73 to the cosmological Lifshitz-Khalatni ov_per_turba- _
tions[14] on the three-sphere has been also studied in detail.
| (21 +4)! Although there exist more elaborate, covariant methods for
v = m(Za)ff’m- (343  dealing with cosmological perturbatiofg5], we have fol-
' ' lowed here the original Lifshitz-Khalatnikov treatment be-
The comparison of this with the corresponding de Sitter excause of its greater ability to distinguish among the involved
pression [21] vg'ng1+Azexp(—3Ht) (where H is the physical effects. It was obtained that, at least for a closed
Hubble constant and\, and A, are constants which only 9€0Metry in the case=— 5 the space is stable to both the
depend on) clearly implies that!. < »{) even at mod- scalar and tensorial perturbations, and that the damping of
erate values of timé 0=-2377ds small physical effects induced by the resulting gravitational
Moreover, from the above discussion it follows that anywaves allows one to conjecture that—much like it happens in

physical effects driven by the gravitational radiation modesasymptotic de Sitter space—eternally accelerating universes
(3.42 and (3.43 should in any event be very small, since induced by quintessential fields have no hair, thus becoming

their physical wavelengths, respectively, increase \itfs final attractors along the evolution of the universe. It would
and a®12 Thus physical ql,Jantities invoiving at least two be the value taken on by the constants that characterize the
derivatives of the metric are then suppressed asymptoticall mpcljltudeh oghthethgra\{tlttatu:nal ;adlzétlog_ttthat Wo uld fmallE/h
by powers of the inverse of these wavelengths. These resul clde whether he atlractor of a de oitier universe or the
appears to be implying a cosmic *no-hair” theord@] for attractors ofw> — 1 quintessential accelerating universes are

our accelerating closed universe endowed with a quintesgoing _finaIIy to qlominate and (_1rive the future cosmolqgical
sence field with constant equation of state: — 2. Accord- evolution. This is a matter which cannot be decided in the

ing, furthermore, to our discussion above, it would rather beoresent paper, but that appears to be necessary to av0|d.the
-rff\bove-menUoned severe conflict between the accelerating

universe and string theoipr possibly any competing quan-

the expressions for coefficientswhether the no-hair de Sit- um th it th hySi t understand
ter attractor or our no-hair attractor is the final solution for an.o1' 1€ory, If theré Were anysince our present understand-

accelerating universe. Of course, the model discussed in th|89 of any of the theories involved in this conflict is still too

paper is a simple one, so that one should extend this discuggdimentary, it is rather premature to say anything definite

sion to include other models with different spatial geometriesabOUt It

and constant or “tracking” equations of state. It is expected that the results obtained in this paper for the

closed geometry can be applied to flat geometry too. In par-
ticular, it appears that the no-hair conjecture is a key ingre-
dient also for the spatially flat case. Finally, the rather in-

Motivated by the huge impact produced by supernova obtriguing implication that in any eternally accelerating
servationg1], in this paper we have studied some new charlniverse driven by quintessence there would be world lines
acteristics of the cosmological and static spacetimes of adfollowed by light signals and possibly some kind of matter
Ce|erating universes whose expansion is driven by a S|OW|§,rave|ing backward in time needs further consideration. After
varying quintessence scalar field with constant equation ofll, if such lines were allowed to exist, then the meaning of
state —1>w>—1. Particularizing at the observationally cosmological evolution itself would actually require an ex-
most favored case = — %, it was shown that these space- €Nsive revision.
times do not possess any future event horizon, a property
which is not obviously shared by de Sitter space. The reason
that justifies this result is that, even though closed timelike
curves are not permitted to exist in these spacetimes, world This work was supported by DGICYT under Research
lines traveling backward in time are allowed to occur on it,Project No. PB98-0520.
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