arXiv:hep-th/0412100 v2 21 Dec 2004

GACG-04/14

Closed inflationary universe models in Braneworld Cosmology

Sergio del Campo^1, Ramón Herrera^2 and Joel Saavedra^1 1 Instituto de Física, Pontificia Universidad Católica de Valparaíso, Casilla 4950, Valparaíso.

2 Departamento de Ciencias Físicas, Universidad Nacional Andrés Bello, Sazie 2320, Santiago, Chile. (Dated: December 21, 2004)

In this article we study closed inflationary universe models proposed by Linde in a brane world cosmological context. In this scenario we determine and characterize the existence a of closed universe, in presence of one self-interacting scalar field with an inflationary stage. Our results are compared to those found in General Relativity.

PACS numbers: 98.80.Jk, 98.80.Bp

I. INTRODUCTION

From the super-string or M-theory point of view, our universes must have dimensionality N + 1 (where N represent spatial dimension) greater than four [1], in order to cancel the anomaly in the Type I superstring. Recent developments have show that standard particles or fields, (described by an open string) are confined to a N + 1 manifold (called N -brane ), embedded in a higher dimensional space-time. In this sense the most popular scenarios are those proposed by Randall and Sundrum [2, 3], where the gravitational field (described by a closed string) can propagate through the bulk dimensions. In particular, the cosmological Randall-Sundrum type II scenario [3] has received great attention in the last few years [4]. This alternative to Einstein’s General Relativity (GR) cosmological models are called Brane World Cosmologies (BW).

The most spectacular consequence of this scenario is the modification of the Friedmann equation. In particular, when a five dimensional model is considered, the matter described by a scalar field is confined to a four dimensional Brane and gravity propagate in the bulk. These kinds of models can be obtained from a higher superstring theory. In fact, the strongly coupled E_8 × E_8 heterotic string theory can be identified as the eleven dimensional M-theory compactified in an orbifold. The extra six dimensions on the brane are compactified at a very small scale [5]. The cosmological solutions in five dimensions of Horava-Witten theory are described in Refs. [6] and [7]. For a comprehensible review of BW cosmology, see Refs.[8]. Specifically, consequences of a chaotic inflationary universe scenario in a BW model was described in Ref. [9], where it was found that the slow-roll approximation is enhanced by the modification of the Friedmann equation.

Recent Observations from the Wilkinson Microwave Anisotropy Probe (WMAP) [10] combined with the accurate measurement of the first acoustic Doppler peak of Cosmic Microwave Background (CMB) [11, 12, 14] are consistent with our universe having a total energy density that is very close to its critical value, where the total density parameter has the value Ω = 1.02 ± 0.04. Most people interpret this value as corresponding to a flat universe, which is consistent with the standard inflationary prediction [13]. But, according to this value, we might take the alternative point of view of having a marginally open [15] or closed universe [16] with an inflationary period of expansion at early time. Therefore, it may be interesting to consider inflationary universe models in which the spatial curvature is taken into account. In fact, it is interesting to check if the flatness in the curvature, as well as in the spectrum, are indeed reliable and robust predictions of inflation [16]. In this sense, the possibility of having inflationary universe scenarios with negative curvature have been study in Refs. [17, 18, 19] in the context of GR, Jordan-Brans-Dicke (JBD) theory and BW, respectively. On other hand, in the case of Ω > 1, the possibilities of having an inflationary model, has been considered in Refs. [16], [20] and [21] in Einstein’s GR, and in JBD [22] theory. Particularly, the case with positive curvature has been marginally indicated by the WMAP recent observations [23].

Therefore, is interesting to study the possibilities of having a closed inflationary universe from a string cosmological model. The purpose of the present paper is to study closed inflationary universe models in the spirit of Linde’s work [16], where the scalar field is confined to the four dimensional Brane.

The paper is organized as follows: In Sec. II we present the cosmological equations in brane world cosmology. In Sec. III we determine the characteristic of a closed inflationary universe model with a constant potential. In Sec. IV we determine the characteristic of a closed inflationary scenario with chaotic potentials. We also, determine the corresponding density perturbations for our models. In all the cases, our results are compared to those analogous obtained from Einstein’s theory of gravity.

II. THE COSMOLOGICAL EQUATIONS IN BRANE WORLD COSMOLOGY

Brane world scenarios inspired by string theory have acquired much attention in cosmology. In this sense Shiromizu et al.[24] have found that the four-dimensional Einstein equations induced on the brane and open an interesting scenario to study cosmological consequence from this model. The Einstein equations on to the brane can be written as [24]

G_{μν} = −Λ_4g_{μν} + ( 8π M^2_4

)T_{μν} + ( 8π M^2_5 )S_{μν} − E_{μν} , (1) where T^{μν} is the stress energy-momentum tensor of the matter in the brane, S_{μν} is the local correction to standard Einstein equations due to the extrinsic curvature and E_{μν} are the nonlocal effect corrections from a free gravitational field, which arise from the projection of the bulk Weyl tensor. An extended version of Birkhoff’s theorem tells us that if the bulk spacetime is anti-de Sitter (AdS), then E_{μν} = 0 [8][25]. Note that, in this model the matter is confined in the brane and the gravity can be propagated to the extra dimensions. If we assume that the matter in the brane is described by a perfect fluid and considering a four dimensional Friedmann-Robertson-Walker metric described by

ds^2 = dt^2 − a(t)^2 dΩ^2_k , (2)

where a(t) is the scale factor, t represents the cosmic time and dΩ^2_k is the spatial line element corresponding to the hypersurfaces of homogeneity, which could represent a tree-sphere, a tree-plane or a tree-hyperboloid, with values k = 1, 0, −1, respectively. In the following we will restrict ourselves to the case k = 1 only.

When metric (2), with k = 1, is introduced into Eq (1), we obtain the following field equations

H^2 ≡ ( ȧ a )_2 = − 1 a^2 + 8π 3M^2_4 ρ ( 1 + ρ 2σ ) , (3)

ä = 8π 3M^2_4 a ( −ϕ̇^2 + V (ϕ) − 1 8σ (5ϕ̇^2 − 2V (ϕ))(ϕ̇^2 + 2V (ϕ)) ) , (4)

and for the scalar field

ϕ̈ + 3 ȧ a ϕ̇ + dV dϕ = 0 , (5)

where the dot denotes time derivatives, H = (ȧ/a) is the Hubble expansion rate, ρ =^1_2ϕ̇^2 + V (ϕ) is the energy density of the scalar field and σ represent the brane tension. From now on we will use units where c = ℏ = M_p = G^{−1/2} = 1. Note that this set of equation reduces to the set of Einstein‘s field Eqs., in the limits σ −→ ∞.

III. CLOSED INFLATIONARY BRANE WORLD UNIVERSE WITH V = Const.

In the spirit of Linde’s work [16], we study a closed inflationary universe in the context of brane world cosmology. Firstly let us consider a toy model with the following step-like effective potential: V (ϕ) = 0 at ϕ < 0; V (ϕ) = V = Const. at 0< ϕ < ϕ_0 (where ϕ_0 is the initial value of the inflaton field). Following Linde, we will also assume that the effective potential sharply rises to infinitely large values in a small vicinity of ϕ = ϕ_0. This potential is inspired by supergravity theories [26].

We consider that the birth of an inflating closed brane world universe can be created ”from nothing”, where this state is described by ȧ = 0, ϕ̇ = 0, ϕ ≥ ϕ_0, and the energy density V_0 ≥ V , where V_0 = V^∗ − Δ V with V^∗ =^{3 V}_2 , and Δ V is a small quantity. Then, the field ϕ instantly falls down from the heights of the potential sharp growth to the plateau (V (ϕ) = V ) and the potential energy density becomes converted into the kinetic energy density,^{ϕ̇2}_2 =^V_2 −Δ V . This produces that ϕ̇ changes from a zero value to a negative constant value. Thus the velocity of the field ϕ is given now by ϕ̇ = − √ V − 2Δ V . Since this happens in an early time of the birth of the universe, then one still has ȧ = 0, and ϕ̇ = − √ V − 2Δ V at that times. Then, these values could be considered as initial conditions when solving the set of Eqs.(3)-(5), for V (ϕ)=V =const. in the interval 0 < ϕ < ϕ_0. Now, from the equation (3) we see that before and after the field instantly falls down to the plateau, we should necessarily have ȧ = 0 and ϕ̇_0 = − √ V − 2Δ V .

Note that, in the regimen where V = Const., the solution of the scalar field equation (5), are given by

ϕ̇(t) = ϕ̇_0 ( a_0 a(t) )_3

. (6)

Due to this, the evolution of the universe rapidly falls into an exponential regimen (inflationary stages) where the scalar factor becomes a ∼ e^{H t}, and where the Hubble parameter for the brane world reads as follows

H = √ 8π 3 V [ 1 + V 2σ ] . (7)

Now in the early time, i.e. before he inflationary stage takes place, the resulting equation for the scale factor is

ä = 16π a V β(t) 3 , (8)

where we have introduced a small time-dependent function defined by β(t) = 1 2V [V − ϕ̇^2 − 1 8σ (5ϕ̇^2 − 2V )(ϕ̇^2 + 2V )]

= 1 V [ Δ V − 1 16σ ( 9V^2 − 36V Δ V + 20Δ V^2 )] ≪ 1. (9)

We should note that the field equations present a very interesting solution. First the particular case

Δ V = 1 10 [ 9V + 4σ − 2 √ 9V^2 + 18V σ + 4σ^2 ] ≡ Δ V_{static}, (10) implies β(t) = 0 and from Eq.(8), we see that the acceleration of the scale factor is ä = 0. Since initially ȧ = 0, the universe remains static and the scalar field ϕ moves with the constant speed ϕ̇ = √ V . Secondly, when considering the case Δ V < Δ V_{static}, we get β < 0, and the acceleration of the scale factor is ä < 0. This corresponds to 3ȧ/a < 0 and the universe collapses. Third in the case when Δ V > Δ V_{static} and one has β > 0 ⇒ ä > 0 and 3ȧ/a > 0 i.e. the universe enters into an inflationary stage. Note that, as σ goes to infinity, we recover the standard GR results (Δ V ⪌ 0 =⇒ β(t) ⪌ 0).

Here, we would like to make a simple analysis of the solutions of Eq.(8) for β(0) ≡ β_0 ≪ 1, in which

β_0 = 1 2V (ϕ_0)

[V ((ϕ_0)) − ϕ̇^2_0 − 1 8σ (5ϕ̇^2_0 − 2V (ϕ_0))(ϕ̇^2_0 + 2V (ϕ_0))]. (11)

After a(t) grows and the inflation phases settled up, the inflaton scalar field ϕ gradually stops moving. From Eq. (6) together with a ∼ e^{H t}, where H is given by Eq.(7) we have

Δϕ_{inf} = ϕ̇_0 3 H ≈ − 1 2 √ 1 6π 1 (1 + V /2σ)^{1/2}

. (12)

In the limit σ −→ ∞, we obtain Δϕ_{inf} ≈ −1/(2 √ 6π), which coincides with the result obtained in GR [16].

When the process starts, a ≈ a_0 and β(t) ≈ β_0, and Eq. (8) takes the form

ä =

16π a_0 V β(0) 3 , (13)

and hence for small t the solution of Eq. (13), i.e. the scalar factor a(t), is given by

a(t) = a_0 ( 1 + 8πβ_0 3 V t^2 ) . (14)

From Eq. (6) we find that at a time interval where β becomes twice as large as β_0, Δ t_1 is given by

Δ t_1 ≈ 1 2 √ 2πV (1 +^9_{4σ} V )

, (15)

where we have neglected quadratic terms β^2_0 . This approximation is justified since the following condition is satisfied for our model 62π^2 9 V^3β_0 σ << 1. (16)

In this approximation, it is found that the inflaton field ϕ decreased by the amount

Δϕ_1 ∼ ϕ̇(0)Δ t_1 ≈ − 1 2 √ 2π(1 +^9_{4σ} V )

. (17)

This process continues, after the time Δ t_2 ≈ Δ t_1, where now the field ϕ decreases by the amount Δϕ_2 ≈ Δϕ_1, and consequently the rate of growth of the scalar factor, a(t) increase. This process finishes when β(t) → (1/2 + V /4σ). Therefore, the beginning of inflation is determined by the initial value of the inflaton field given by

ϕ_{inf} ≈ ϕ_0 + 1 2 √ 6π(1 +^1_{2σ} V ) + 1 2 √ 2π(1 +^9_{4σ} V ) ln(β_0). (18)

Note that this expression indicates that our results are very sensitive to the choice of a particular value of the rate V σ . In the limit σ −→ ∞, the above expression reduces to ϕ_{inf} ≈ ϕ_0 + 0.1 + 0.15 ln β_0, where now β_0 becomes, β_0 −→ (1 − ϕ̇^2_0/V )/2. Since inflation occurs in the interval ϕ_{inf} > 0 and ϕ = 0, the initial value of the inflaton field becomes

ϕ_0 > − 1 2 √ 6π(1 +^1_{2σ} V ) − 1 2 √ 2π(1 +^9_{4σ} V ) ln(β_0). (19)

On the other hand, in order to determined the initial value of the scalar field (ϕ_0), we need to found the value of β_0. To perform this task, we study the birth of a closed brane world universe. From the semiclassical point of view, the probability of creation of a closed universe from nothing in the brane world scenarios, is given by [27]

P ∼ e^{−2|S|} = exp ( −π H^2 ) = exp ( −3 8 V [ 1 +^V_{2σ} ] ) . (20)

The probability of creation of the universe with an energy density equal to V^∗ − β_0 V , under the condition that its energy density V be smaller that V^∗, becomes

P ∼ exp ( −3 8 [ (V^∗ − β_0 V )^{−1} [ 1 + V^∗ − β_0 V 2σ ]_{−1} − ( V^∗ [ 1 + V^∗ 2σ ])_{−1}]) ,

P ∼ exp ( − β_0 6 V [ 1 +^{3 V}_{2 σ} ( 1 +^{3 V}_{4 σ}

)_2 ]) . (21)

This latter expression shows that the quantum process of creation of an inflationary universe model, is not exponentially suppressed for

β_0 < 6 V [ 1 + 3 V 2 σ ]_{−1} [ 1 + 3 V 4 σ ]_2

, (22)

which means that the initial value of the inflaton field ϕ must be bounded from below, i.e.

ϕ_0 > − 1 2 √ 6π(1 +^1_{2σ} V ) − 1 2 √ 2π(1 +^9_{4σ} V ) ln ( 6 V 1 +^{3 V}_{2 σ} [ 1 + 3 V 4 σ ]_2) . (23)

TABLE I: Initial value of the inlfaton field ϕ0 and |Δϕ0|_{inf} for two different values of σ. ϕ0 > ϕ0 ∼ |Δϕinf | ∼ σ = 10^{−10} −0.11 − 0.18 ln(6 · 10^{−11}) 4.1MP 0.11 σ = 10^{−9} −0.11 − 0.2 ln(6 · 10^{−11} ) 4.5MP 0.11

It is straightforward to check that when σ −→ ∞, the GR limit is obtained.

In order to find the initial value of the scalar field ϕ_0, we consider some numeric values of the different parameters. Specifically, we take two different values of σ, σ = 10^{−10} and σ = 10^{−9}. Since we have used units where the Planck mass in four dimension is equal to one, then the Planck mass in five dimension becomes M_5 ≤ 10^{−2} [9] and due to this relation, we arrive σ ∼ 10^{−10}. On the other hand, is chosen V ∼ 10^{−11}. As the value for the effective potential energy, like in the case of chaotic inflationary models, at the end of the period of inflation [28].

From Eq.(22), we obtain β_0 < 6.0 · 10^{−11} considering the cases σ = 10^{−10} and σ = 10^{−9}. The value β_0 allows us to fix the initial value of the inflaton field. Table I resumes our results.

After the inflation, the field ϕ stops moving when it passes the distance |Δϕ_{inf} | ≃ 0.11. However, this result is a particular value that depends on the value we assign to the parameter σ and the effective potential V .

Note that if the field stops before it reaches ϕ = 0, the universe expands for ever in an inflationary stage. Note that the same problem arrives in Einstein’s General Relativity model where it is found that Δϕ_{inf} ≃ −1/2 √ 6π = const. [16]. However, in the context of Brane-World cosmology the value of Δϕ_{inf} depend on the value we assign to the parameter σ. Therefore, we will see that the problem of the universe inflating forever disappears and thus the inflaton field can reach the value ϕ = 0 for some appropriate conditions of the ratio V /σ that differing from Einstein’s GR theory.

Numerical solutions for the inflaton field ϕ(t) are shown in Fig.1 for two different values of the σ parameter. Note that the interval from ϕ_0 to ϕ_{inf} increases when the parameter σ decreases, but its shapes remain practically unchanged. We should note here that, as long as we decrease the value of the parameter σ, the quantity ϕ_0 − ϕ_{inf} increases and thus permits |Δϕ_{inf} | to reach ϕ = 0, and the inflaton field does not show oscillations. Inflation begins immediately if the field ϕ starts its motion with sufficiently small velocity, in analogy with Einstein’s GR theory. If it starts with large initial velocity ϕ̇_0, and the universe does not present the inflationary period at any stage.

IV. BRANE CHAOTIC INFLATION WITH V = λn ϕ^n /n

The most realistic inflationary universe scenarios are chaotic models. In this sense, we consider an effective potential given by V = λ_n ϕ^n/n, for ϕ < ϕ_0, which becomes extremely steep for ϕ > ϕ_0. When the universe is created at ϕ > ϕ_0, where V_0 > V (ϕ_0) = λ_nϕ^n_0 /n, the field immediately falls down to ϕ_0 and acquires a velocity given by ϕ̇^2_0/2 = V_0−V (ϕ_0). If the velocity of the field is small, inflation can start immediately. On the other hand, if the velocity is large, the universe never inflates.

In order to proceed, we introduce the parameter β_0, just as in the previous section. During inflation, the scalar factor is given by [9] a a_o = exp ( −8π ∫_ϕ ϕ_o V [1 + V /2σ] dV /dϕ^′ dϕ^′ ) , (24)

and the corresponding N e-folds, is given by N = 4πϕ^2_0 n [ 1 + λ_n ϕ^n_0 n(n + 2)σ ] . Note that the beginning of inflation is determined by the initial value of the inflaton field given by Eq. (18). We resume our main results in table II.

Notice that, for ϕ_0 = 10, inflation starts at ϕ_{inf} ∼ 6, the universe inflates e^{327} times and becomes flat. The universe inflates e^{60} for ϕ_0 = 4.4 and this leads to Ω = 1.1. Note that in analogy with Einstein’s theory of GR and in order to have the value of Ω in the range 1 ≲ Ω < 1.1 we require to a fine tuning of the value of ϕ_0.

The numerical solution ϕ(t) is shown in Fig.2 for two different models, characterized for the values of n and considering the same velocity, ϕ̇_0 in both cases.

FIG. 1: Using the model (V = const) the inflaton field ϕ(t) is plotted as a function of time. Two different values of the σ parameter are considered, σ = 10^{−9} and σ = 10^{−10} . In both cases we have taken the same value of ϕ̇0. GR is displayed on the same plot, but using Einstein’s theory of Relativity. .

TABLE II: Values of ϕinf and β0 for the models with n = 2 and n = 4. Parameter values are given by σ = 10^{−10} and V ∼ 10^{−11} ϕinf > β0 n = 2 ϕ0 − 4.2 6 · 10^{−11} n = 4 ϕ0 − 4.2 6 · 10^{−11}

One of the main prediction of any inflationary universe models is the primordial spectrum that arises due to quantum fluctuation of the inflaton field. Therefore, it is interesting to study the density perturbation behaviors in brane-world cosmology. We estimated density perturbations for our models according to Ref. [9] and thus we may write

δ ρ ρ ≈ Cte ( V V^′ ) 3_2 ( 1 + V 2σ ) 3_2 , (25)

where the latter term corresponds to correction due to BW cosmology for the density perturbations in a flat universe and Cte =^{24}_5 √_{8π} 3 . Certainly, these density perturbations should be supplemented by several different contributions for a closed inflationary universe, which alter the result of δρ/ρ at small N . We will postpone this important matter for a near future. Fig.(3) shows the magnitude of perturbations in both models, n = 2 and n = 4 as a function of N e - folds, for the values λ_2 =^9_4 · 10^{−12}, λ_4 = 1 · 10^{−14} and ϕ_0 = 10. Note that δρ/ρ has a maximum at small N ≃ 0(7), and presents a small displacement to the right for σ = 10^{−10}. The maximum is located at N = 0(8), which corresponds to the scale ∼ 10^{25} cm. This latter result is similar to that obtained in Eisntein’s theory of GR. However, the maximum value of δρ/ρ is bigger in the BW than in for Einstein’s theory of GR.

It is interesting to give an estimation of the tensor spectral index, n_T , in the Brane-World cosmological model. This

FIG. 2: This plot shows the solution for the inflaton field ϕ(t) as a function of cosmological time t, for Einstein’s theory of GR and BW theories. The left panel shows the case n = 2, and the right one correspond to n = 4 case. In both cases we have taken σ = 10^{−10} . . index is given in Ref.[9] for a flat universe

n_T ≃ − 1 8π ( V^′ V )_2 [ 1 + V 2σ ]_{−1} . (26)

Solving numerically for n = 2 and n = 4 the field equation associated with the scalar field ϕ, we obtain in Einstein’s theory of GR the following values for the tensor spectral index: n_T ≃ −15 · 10^{−4} which is evaluated for the value of N , where δρ/ρ presents a maximum, i.e, N ≃ 7 and for N ≃ 6 n_T ≃ −65 · 10^{−5}. In BW cosmological models for n = 2 we obtain n_T ≃ −16 · 10^{−4} for N ≃ 9 and for n = 4, n_T ≃ −53 · 10^{−5} for N ≃ 8.

V. COMMENTS AND DISCUSSION

In this article we study a closed inflationary universes with one self-interacting scalar field in a brane world scenario. For three different models, corresponding respectively to a constant potential and two related to a self-interacting scalar potential given by V = λ_n ϕ^n/n (n = 2 and n = 4). In the former scenarios, we consider a potential with a two regime, one where the potential is constant and another one where the effective potential sharply rises to infinity. In the context of Einstein’s theory of GR, this models was study by Linde [16], who showed that this model is not optimistic due to the constancy of the potential implying that the universe collapses very soon or inflates for ever. In our cases, we can fix the graceful exit problem because in BW cosmology we have an extra ingredient that is the model dependencies on the value of the brane tension σ, that allowed us to reach the value ϕ=0, which is needed to solve this problem. The problem occurs when ϕ reaches the value ϕ = 0, and hence does not show oscillations for the inflaton field necessary for the reheating process. However in the latter scenario, this situation disappears in the chaotic inflationary models, V (ϕ) = λ_n ϕ^n /n.

We have also found that the inclusion of the additional term (ρ^2) in the Friedmann’s equation change some of the characteristic of the spectrum of scalar and tensor perturbations. In this sense, the δρ/ρ graphs presents a small displacement to the right with respect to N , when compared with that obtained with Einstein‘s theory of GR . This would change the constraint imposed on the value of the parameters that appears in the scalar potentials λ_n. This

FIG. 3: Scalar density perturbation as a function of the N e-folds. The left panel shows case n = 2, and the right panel shows the case n = 4. In both cases we have taken σ = 10^{−10} . These plots are compared with those obtained by using Einstein’s theory of GR, where δρ/ρ ≈ CteH^2/|ϕ̇|. . means that closed inflationary universe models in a Brane-World theory are less restricted than those analogous in Einstein‘s GR theory.

Note that with the fine-tuning at the level of about one percent, one can obtain a semi-realistic model of an inflationary universe with Ω > 1 as specified by Linde in Ref.[16].

Acknowledgments

S.d.C. was supported from COMISION NACIONAL DE CIENCIAS Y TECNOLOGIA through FONDECYT Grant Nos. 1030469; 1010485 and 1040624. Also, it was partially supported by PUCV Grant No. 123.764/2004. J.S. was supported from COMISION NACIONAL DE CIENCIAS Y TECNOLOGIA through FONDECYT Postdoctoral Grant 3030025. J. S. wish to thank the CECS for its kind hospitality. We thank Dr. U. Raff for a careful reading of the manuscript.

[1] M. B. Green and J. H. Schwarz, Phys. Lett. B 149, 117 (1984).

[2] L. Randall and R. Sundrum, Phys. Rev. Lett. 83, 4690 (1999) [arXiv:hep-th/9906064]. [3] L. Randall and R. Sundrum, ‘ Phys. Rev. Lett. 83, 3370 (1999) [arXiv:hep-ph/9905221].

[4] B. Wang and E. Abdalla, Phys. Rev. D 69, 104014 (2004); G. Kofinas, R. Maartens and E. Papantonopoulos, JHEP 0310, 066 (2003) [arXiv:hep-th/0307138]; J. M. Cline, J. Descheneau, M. Giovannini and J. Vinet, JHEP 0306, 048 (2003) [arXiv:hep-th/0304147]; J. E. Lidsey and N. J. Nunes, Phys. Rev. D 67, 103510 (2003) [arXiv:astro-ph/0303168]; S. H. S. Alexander, JHEP0310, 013 (2003) [arXiv:hep-th/0212151]; G. Shiu, S. H. H. Tye and I. Wasserman, Phys. Rev. D 67, 083517 (2003) [arXiv:hep-th/0207119]; J. P. Gregory and A. Padilla, Class. Quant. Grav. 19, 4071 (2002) [arXiv:hep-th/0204218]; C. Germani and C. F. Sopuerta, Phys. Rev. Lett. 88, 231101 (2002) [arXiv:hep-th/0202060].

[5] P. Horava and E. Witten, Nucl.Phys.B 475, 94 (1996); P. Horava and E. Witten, Nucl.Phys.B 460, 506 (1996) . [6] A. Lukas, B. A. Ovrut, K. S. Stelle and D. Waldram, Phys. Rev. D 59, 086001 (1999) [arXiv:hep-th/9803235]. [7] A. Lukas, B. A. Ovrut and D. Waldram, Phys. Rev. D 60, 086001 (1999) [arXiv:hep-th/9806022]. [8] J. E. Lidsey, arXiv:astro-ph/0305528; P. Brax, C. van de Bruck. Class.Quant.Grav.20, R201-R232 (2003); E. Papantonopoulos, Lect.Notes Phys. 592, 458 (2002).

[9] R. Maartens, D. Wands, B. A. Bassett, I. Heard, Phys.Rev.D 62, 041301 (2000). [10] C.L. Bennett et al.Astrophys. J. Suppl. 148, 1 (2003). [11] J. P. Ostriker and P. J. Steinhardt Nature 377 600 (1995).

[12] P. de Bernardis et al Nature 404 955 (2000). [13] A. Guth Phys. Rev. D 23 347 (1981).

[14] J.E. Ruht et al, astro-ph/0212229. A. Benoit et al, astro-ph/0210306. [15] J. P. Uzan, U. Kirchner and G. F. R. Ellis, Mon.Not.Roy.Astron.Soc.L 65, 344 (2003). [16] A. Linde, JCAP 002, 0305 (2003).

[17] A. Linde, Phys. Rev. D 59 , 023503 (1999); A. Linde, M. Sasaki and T. Tanaka, Phys. Rev. D 59, 123522 (1999). [18] S. del Campo and R. Herrera, Phys. Rev. D 67, 063507 (2003). [19] S. del Campo, R. Herrera and J. Saavedra, Phys. Rev. D 70, 023507 (2004). [20] M. White and D. Scott, Astrophy J. 459, 415 (1996).

[21] G. Ellis, W. Stoerger, P. McEwan and P. Dunsby, Gen. Rel. Grav. 34, 1445 (2002); G. Ellis, W. Stoerger, P. Ewan and P.

Dunsby, Gen. Rel. Grav. 34, 1461 (2002). [22] S. del Campo and R. Herrera, GACG Preprint.

[23] G. Efstathiou, Mon. Not. Roy. Astron. Soc. 343, L95 (2003) [arXiv:astro-ph/0303127]. [24] T. Shiromizu, K. Maeda, M. Sasaki , Phys.Rev.D 62, 024012 (2000); R. Maartens, arXiv:gr-qc/0101059. [25] P. Bowcock, C. Charmousis and R. Gregory, Class. Quant. Grav. 17, 4745 (2000).

[26] T. Matsuda, JCAP 0311, 003 (2003) [arXiv:hep-ph/0302078]; M. Bastero-Gil and S. F. King, Nucl. Phys. B 549, 391 (1999) [arXiv:hep-ph/9806477].

[27] K. Koyama and J. Soda, Phys. Lett. B 483, 432 (2000) [arXiv:gr-qc/0001033]. [28] A. D. Linde,“Particle Physics And Inflationary Cosmology,” (Harwoord, Chur, Switzerland, 1990).