arXiv:gr-qc/0609076v3 7 Feb 2007

Thermodynamics second law and ω = −1 crossing(s) in interacting holographic dark energy model

H. Mohseni Sadjadi^{1∗}and M. Honardoost^2

1 School of Physics, University College of Science, University of Tehran, North Karegar Ave. Tehran, Iran.

2 Department of Physics, Shahid Beheshti University, Evin, Tehran 19839, Iran.

February 7, 2007

Abstract

By the assumption that the thermodynamics second law is valid, we study the possibility of ω = −1 crossing in an interacting holographic dark energy model. Depending on the choice of the horizon and the interaction, the transition from quintessence to phantom regime and subsequently from phantom to quintessence phase may be possible. The second transition avoids the big rip singularity. We compute the dark energy density at transition time and show that by choosing appropriate parameters we can alleviate the coincidence problem.

1 Introduction

Recent observations suggest that the universe is undergoing an accelerated expansion [1]. This acceleration may be explained by the assumption that 70% of the universe is filled by a perfect fluid with negative pressure, dubbed dark energy. Some present data seem to favor an evolving dark energy, corresponding to an equation of state (EOS) parameter less than ω = −1 at present epoch from ω > −1 in the near past [2]. Many candidates for dark energy has been proposed such as the cosmological constant [3]: A constant quantum vacuum energy density which fills the space homogeneously, corresponding to a fluid with a constant EOS parameter ω = −1; dynamical fields with a suitably chosen potential to make the vacuum energy vary with time [4], and so on. Recently, using holographic principle, a new candidate for dark energy which is independent of any specific field has been suggested

∗mohseni@phymail.ut.ac.ir

[5],[6]. Based on the holographic principle (which relates the number of degrees of freedom of a physical system to the area of its boundary), in order to allow the formation of black holes in local quantum field theory, Cohen et al [7] proposed a relationship between UV and IR cutoff. This yields an upper bound on the zero-point energy density, which by a suitable choice of the infrared cutoff, can be viewed as the holographic dark energy density. In [5], three candidates for the infrared cutoff was proposed: the Hubble radius, the particle horizon and the future event horizon. There was shown that among these options only the future event horizon may be identified with the desired infrared cutoff. To study the coincidence problem and also to have other choices for the infrared cutoff, e.g. the Hubble radius, interaction between dark matter and dark energy [8] may be considered in the holographic dark energy model. As we have mentioned, based on astrophysical data, we may take into account the possibility of ω = −1 (phantom divide line) crossing. Therefore dark energy models which can describe phantom divide line crossing, has been also studied vastly in the literature [9]. The phantom like behavior of interacting holographic dark energy was studied in [10], where it was claimed that by selecting appropriate interaction parameters the transition from the dark energy EOS parameter ω_D > −1 to ω_D < −1 is possible. Despite this, in [11] it was shown that the dark energy effective EOS parameter cannot cross ω^{eff.}_D = −1.

In this paper we consider interacting holographic dark energy model and study the ability of the model to describe the transition from quintessence to phantom regime and vice versa. After preliminaries in section two, where we introduce the interacting holographic dark energy model and some of its general properties used in the subsequent sections, in section three we study the possibility of crossing ω = −1. In section four we derive necessary conditions for existence of two transitions in our model. The first transition is from quintessence to phantom phase and the second the transition from phantom to quintessence regime. The importance of the second transition lies on the fact that it avoids the big rip singularity. We discuss also the behavior of Hubble parameter and dark energy density at transitions times.

We use h̄ = G = c = k_B = 1 units throughout the paper.

2 preliminaries

We consider a spatially flat Friedmann–Lemaitre–Robertson–Walker (FRW) universe), with scale factor a(t)

ds^2 = dt^2 − a^2(t)(dx^2 + dy^2 + dz^2). (1)

We assume that this universe is filled with dark energy and pressureless dark matter fluids satisfying the following equations of state

ρ̇_D + 3H(1 + ω_D)ρ_D = −Q ρ̇_m + 3Hρ_m = Q. (2)

H = ȧ/a is the Hubble parameter, ρ_D is dark energy density and ρ_m is the density of cold dark matter. ”dot” denotes derivative with respect to the comoving time. ω_D is dark energy EOS parameter. Q denotes the interaction of dark matter with dark energy. In this paper Q is assumed to be Q = (λ_mρ_m + λ_Dρ_D)H, (3) where λ_m and λ_D are two real constants. Different choices such as λ_m = 0, λ_D = 0 and λ_D = λ_m has been adopted in literature [8], [10]. The Hubble parameter satisfies

H^2 = 8π 3 (ρ_m + ρ_D) = 8π 3 ρ, (4) and Ḣ = −4π ((1 + ω_D)ρ_D + ρ_m) = −4π(1 + ω)ρ. (5)

ρ = ρ_m + ρ_D is the total energy density satisfying

ρ̇ + 3H(1 + ω)ρ = 0, (6)

and ω is the parameter of the EOS of the universe. In terms of Ω_D = ρ_D/ρ, we can write ω_DΩ_D = ω. (7) ρ_D can be viewed as a holographic energy density

ρ_D = 3 8π c^2 L^2

. (8)

The length scale L is an infrared cutoff and c > 0 is a positive numerical constant. We assume L = βR_{F H} + αR_{P H} , (9) where R_{F H} and R_{P H} are the future and particle event horizons R_{F H} = a ∫_∞ t dt a R_{P H} = a ∫_t 0 dt a , (10) and α and β are two positive numerical constants. By taking β = 0 and α = 1, we arrive at the holographic cosmology horizon adopted in [12]. For α = 0 and β = 1, the infrared cutoff becomes the future event horizon [5]. Generally one can assume that L is a function of R_{F H} and R_{P H} [13]. The time derivative of L is obtained as L̇ = HL + α − β. (11) Using (4) and (8), HL in the above equation can be written as

HL = cΩ^{− 12}_D . (12)

By relating the entropy of the universe to the infrared cutoff L via

S = πL^2, (13)

the second law of thermodynamics results in L̇ > 0, leading to ρ̇_D < 0. In a phantom dominated universe (identified by Ḣ > 0), using (4) and (8) we get Ω̇_D = 8π 3H^4 ( ρ̇_DH^2 − 2HḢρ_D ) < 0. (14)

For Ω̇_D > 0 we must have (LH ˙) < 0 which leads to L̈ < 0. But if one requires L̇ ≥ 0, then either lim_{t→∞} L̇ = 0 or L̈ becomes positive after a finite time.

In terms of the Hubble parameter, ω is ω = −1 − 2Ḣ 3H^2

. (15)

By substituting Ḣ = −H^2 + (β − α)H/L + (HL˙)/L (which can be verified using (11)), (15) becomes ω = − 1 3 − 2 3 (β − α) √ Ω_D c + Ω̇_D 3HΩ_D . (16)

Using (2) one can show that ṙ = 3rH [ ω_D + 1 3 ( r + 1 r ) (λ_D + rλ_m) ] , (17)

where we have defined r = ρ_m/ρ_D. Therefore, by considering r = Ω^{−1}_D − 1, we obtain ω_D = − 1 3H Ω̇_D Ω_D(1 − Ω_D) − λ_D 3(1 − Ω_D) − λ_m 3Ω_D

, (18)

and consequently ω = − 1 3H Ω̇_D (1 − Ω_D) − λ_DΩ_D 3(1 − Ω_D) − λ_m 3 . (19)

From (16) and (19) we can express ω and Ω̇_D in terms of Ω_D: ω = − 1 + λ_D − λ_m 3 Ω_D − 2(β − α) 3c Ω^{32}_D − λ_m 3 , (20)

Ω̇_D H = (λ_m − λ_D − 1)Ω^2_D + (1 − λ_m)Ω_D + 2(β − α) c Ω^{32}_D(1 − Ω_D). (21)

For an accelerated universe, ä(t) > 0 (which results in ω < −1/3), we have

(1 − λ_m) + (λ_m − λ_D − 1)Ω_D − 2(β − α) c Ω^{32}_D < 0. (22)

In the absence of interaction, acceleration is not possible for β < α, as was pointed out by [5] for the case β = 0, α = 1. This was the motivation of [5] to take the future event horizon (instead of the particle horizon) as the infrared cutoff. However the above calculation reveals that in the presence of interaction, inflation may be possible even when the particle horizon is taken as the infrared cutoff. Combining (21) and (22), yields

Ω̇_D < 2(β − α) c HΩ^{32}_D. (23)

Hence like the phantom regime, for β < α and in an accelerating universe, Ω_D is decreasing. Applying the assumption L̇ > 0, gives an upper bound for Ω_D which depends only on H

Ω̇_D < 2HΩ_D < 2H. (24)

3 Crossing ω = −1 in interacting holographic dark energy model

At ω = −1, u = Ω^{12}_D satisfies the cubic equation 2(β − α) c u^3 + (1 + λ_D − λ_m)u^2 + λ_m − 3 = 0. (25)

If ω = −1 is allowed, the above equation must have, at least, one positive root which is less than one. Based on Descartes rule, we know that the above equation, at most, has two real positive roots. So, if ω = −1 is crossed, two transitions may be possible, one from quintessence to phantom and the other from phantom to quintessence phase (by quintessence phase (regime) we mean ω < −1/3 and Ḣ < 0). From (15) it is clear that at ω = −1 we have Ḣ = 0. If a transition from quintessence to phantom phase occurs at time t_1, we must have Ḣ(t_1) = 0, and Ḣ(t < t_1) < 0 and Ḣ(t > t_1) > 0, therefore H(t_1) must be a local minimum of H. In the same way, H must have a local maximum at t_2, where the transition from phantom to quintessence era occurs. In the neighborhood of t_1, ω is a decreasing function while in the neighborhood of t_2, ω is an increasing function of time. So in order to see that if ω = −1 crossing is permissible, we must also consider the behavior of the Hubble parameter near the roots of (25).

In the following we assume that H > 0 and L > 0. We also assume that the Hubble parameter is a differentiable function of time [14]. Therefore following (11) and (12), L and u(= Ω^{12}_D) are also differentiable. Let us consider the Taylor expansion of H at t = t_i, where t_i is defined by Ḣ(t_i) = 0 (or ω(t_i) = −1), H = h_0 + h_1τ^a + O(τ^{a+1}), a ≥ 2, (26) where τ = t − t_i, h_1 =^1_{a!}^{daH}_{dta} (t_i), and a is the order of the first nonzero derivative of H at t = t_i. If a is an even integer and h_1 > 0(< 0), then H has a minimum (maximum) at t_i and the transition occurs at t_i. Using (15) we obtain ω = −1 − 2ah_1 3h^2_0 τ^{a−1} + O(τ^a). (27)

We consider the following expansion for u at t = t_i,

u = u_0 + u_1τ^b + u_2τ^{b+1} + O(τ^{b+2}), u_1 ≠ 0, b ≥ 1 (28)

where b is the order of the first nonzero derivative of u at t_i. If the solution (26) is permissible, by inserting (27) and (28) in (20) and by comparing the powers of τ in both sides of (20), we obtain the following results: (i) − 1 + λ_D − λ_m 3 u^2_0 − 2(β − α) 3c u^3_0 = −1 + λ_m 3 . (29)

The roots of this equation specify u at transition time(s). In order that the transition occurs the above equation must have at least one real root in the interval (0, 1). (ii)For

1 + λ_D − λ_m −3 − β − α c u_0 ≠ 0, (30)

we obtain − ah_1 3h^2_0 = ( 1 + λ_D − λ_m −3 − β − α c u_0 ) u_0u_1, b = a − 1. (31)

In the case 1 + λ_D − λ_m −3 − β − α c u_0 = 0, (32)

and for β ≠ α, we find 2ah_1 3h^2_0 = (β − α)u_0u^2_1 c , a = 2b + 1. (33)

In this case a is an odd number and transition does not occur. If β = α, 1 + λ_D − λ_m = 0, and ω in (20), becomes a constant: ω(t) = −1, and no transition occurs.

To determine a and the sign of h_1, (21) may be used :

2u̇ = H [ 2(α − β) c u^4 + (λ_m − λ_D − 1)u^3 + 2(β − α) c u^2 + (1 − λ_m)u ] . (34) By inserting (28) and (26) into the above equation, we see that the left hand side begins with τ^{b−1}, while if the right hand side does not begin with τ^0, it will begin by τ^{(γ>b)}, which is inconsistent with the left hand side. Thereby b = 1. Hence based on (31) and our previous discussion after (26), if the transition occurs, we must have a = 2. Note that for the case (32), we obtain a = 3 which may be corresponding to the inflection point of H. For b = 1, by equalizing τ^0’s coefficients in both sides of (34), we get

2u_1 = h_0 [ 2(α − β) c u^4_0 + (λ_m − λ_D − 1)u^3_0 + 2(β − α) c u^2_0 + (1 − λ_m)u_0 ] , (35) which using (29) reduces to

u_1 = h_0u_0 [ β − α c u_0 − 1 ] . (36)

Now let us determine the sign of h_1. Combining (31) and (36) results in − ah_1 3h^2_0 = ( 1 + λ_D − λ_m −3 − β − α c u_0 ) ( β − α c u_0 − 1 ) h_0u^2_0. (37)

From (11), (12) and (13), by applying the thermodynamics second law we deduce β − α c u_0 − 1 < 0, (38)

which results in u_1 < 0. Ṡ = 0 is ruled out because h_1 ≠ 0. So we conclude that the sign of h_1 must be the same as the sign of (1 + λ_D − λ_m)/(−3) − (β − α)u_0/c. For transition from quintessence to phantom phase we must have 1 + λ_D − λ_m −3 − β − α c u_0 > 0, (39)

while a transition from phantom to quintessence era requires

1 + λ_D − λ_m −3 − β − α c u_0 < 0. (40)

Note that if, like [10], we take α = 0, β = 1 and λ_m = λ_D, transition from quintessence to phantom is not allowed.

It is also instructive to study the behavior of L at t_i. Assuming that L̇ > 0, by inserting the Taylor expansion of L at t = t_i up to the order τ 2 in (11), we obtain L̇ = [L_0 + L_1τ + O(τ^2)][h_0 + h_1τ^a + O(τ^{(a+1)})] + α − β, where L_0 = L(t_i) and L_1 = L̇(t_i). Hence L_1 = h_0L_0 + α − β. (12) results in u = c/(LH), therefore

u_0 = c L_0h_0

, u_1 = − c L_0 ( 1 + α − β h_0L_0 ) , (41)

which is consistent with (36).

As a summary we have shown that in order that a transition phase occurs: (i) (29) must have at least a positive real root in the interval (0,1) (ii) At these roots the Hubble parameter (if it is differentiable) must have the Taylor expansion (26), with an even integer a. In interacting holographic dark energy model we obtained a = 2 and verified that quintessence to phantom phase transition and vice versa occur provided (39) and (40) hold respectively.

4 Two transitions in interacting holographic dark energy model

In this part we try to investigate the ability of the system to return to the quintessence regime from the phantom phase. This may be interesting because it avoids the big rip singularity which may be encountered in phantom models.

Let us write (29) as pu^3_0 + qu^2_0 + 1 = 0, (42)

where p = 2(β − α) c(λ_m − 3) , q = 1 + λ_D − λ_m λ_m − 3

. (43)

In order to have two transitions, (42), must possess two real positive roots, which we denote by u_{01}, u_{02}, in the interval (0, 1). p and q are real numbers, hence the third root must be also real. Therefore the discriminant of (42), i.e. −27p^2 − 4q^3, must be positive (p 2 )_2 + ( q 3 )_3

< 0. (44)

From ∑ i≠j u0iu0j = 0, we find that the third root, u03, is negative and

|u_{03}| < 1. So using 0 < −u_{03}u_{02}u_{01} = 1/p < 1, we deduce p > 1. Also following Descartes rule of sign, having two positive roots is only possible when p > 0 and q < 0.

The Sturm sequence constructed from (42) is S(x) = {P(x), P_1(x), P_2(x), P_3(x)}, where

P(x) = px^3 + qx^2 + 1 P_1(x) = 3px^2 + 2qx

P_2(x) =

2q^2x 9p − 1 P_3(x) = − 9p 4q^4

(27p^2 + 4q^3). (45)

We have S(0) = {1, 0, −1, −9p(4q^3 + 27p^2)/(4q^4)}, S(1) = {p + q + 1, 3p + 2q, −1 + 2q^2/(9p), −9p(4q^3 + 27p^2)/(4q^4)}. If we expect to have two real roots in the interval (0, 1), using (44) and by applying the Sturm theorem, we find

p + q + 1 > 0 p 2 + q 3 > 0 ( q 3 )_2 − p 2 > 0. (46)

These conditions and (44), may be resumed as − q − 1 < p < 2 ( − q 3 ) 3_2 , q < −3. (47) Now let us consider (39) and (40). A transition from quintessence to phantom phase may be occurred at t_1 (u(t = t_1) = u_{01}), if h_1 > 0

1 + λ_D − λ_m −3 − β − α c u_{01} > 0. (48)

For t > t_1 the system becomes phantom dominated until t = t_2 (u(t = t_2) = u_{02}), i.e. when the second transition occurs, provided h_1 < 0 at t_2

1 + λ_D − λ_m −3 − β − α c u_{02} < 0. (49)

From (14) we find that u is a decreasing function of time in phantom dominated era, hence u_{01} > u_{02}. So in order that (48) and (49) become consistent we must have β − α < 0, 1 + λ_D − λ_m > 0. (50) The existence of u_{01} and u_{02} which satisfy (48) and (49), may be verified as follows: Using the condition posed on p and q, we obtain 0 < − 2q 3p (= −

(1 + λ_D − λ_m)c 3(β − α) ) < 1. (51)

The Sturm sequence at −2q/(3p) is

S (−2q/(3p)) = {4q^3/(27p^2) + 1, 0, −4q^3/(27p^2) − 1, −9p(4q^3 + 27p^2)/(4q^4)}. (52) So by invoking the Sturm theorem, one can verify that one of the positive roots, which based on our discussion in previous paragraph we take u_{02}, is located in (0, −2q/(3p)) while the other, i.e. u_{01} belongs to (−2q/(3p), 1). As we have previously mentioned (see discussion after (25)), ω is a decreasing function of time in the neighborhood of u_{01} and an increasing function of time in the vicinity of u_{02}, whence for a differentiable ω, we must have ω̇ = 0 at a point in the phantom regime. It is interesting to note that for t_1 < t < t_2, this happens at u = −2q/(3p), as it can be verified using (20). Indeed from (20), it is obvious that ω̇(t) = 0 has three solutions: u = −2q/(3p), u̇ = 0 and u = 0. In our case, u̇ = 0 is ruled out by (23). The solution u = −2q/(3p), as we have seen lies in the phantom regime. The solution u = 0, must be obtained in the limit t → ∞ in the quintessence era (by the assumption that the inflation will be continued). To verify this claim, we note that in an accelerating universe Ḣ + H^2 > 0, and for α > β,

(HL˙) = (Ḣ + H^2)L + (α − β)H > 0. (53)

Therefore HL is an analytic differentiable increasing function of time. Thereby u, is a decreasing function of time, as we showed before (see (23)) via another method. If u = 0 occurs at a finite time t̃, then for t > t̃, u(t > t̃) < 0 which conflicts with definition of u. In addition u(t̃) = 0 leads to H(t̃)L(t̃) = ∞ which conflicts with continuity of H and L.

As a test of our results, we have plotted ω + 1, (20), in terms of u for an interacting holographic dark energy model with parameters {β = 0, α = 1, c = 1, λ_D = 3.9, λ_m = 2.5} (see fig.(1)). In this example ω + 1 has two zero in the interval (0, 1), u_{01} = 0.86 corresponding to Ω_D = 0.75 and u_{02} = 0.72 corresponding to Ω_D = 0.52. For u_{02} < u < u_{01}, the system is in phantom phase, i.e. ω < −1, and for u > u_{01} and u < u_{02} the system is in quintessence phase. Note that for an accelerating universe and when α > β, u is a decreasing function of time (see(23) and our discussion in the previous paragraph) and the directions of t and u-axis are opposite. ω̇ = 0 occurs in the phantom regime: u = 0.8, and at u = 0.

5 Summary

In this paper we considered the holographic dark energy model with a general interaction between dark matter and dark energy, see (3). We took the infrared cutoff as a linear combination of the future an particle horizon see (9). We derived an expression for EOS parameter of the universe, ω, in terms of the ratio of dark energy density and total energy density of the flat FRW

Figure 1: ω + 1 as a function of u, for {β = 0, α = 1, c = 1, λ_D = 3.9, λ_m = 2.5}

space-time, Ω_D, see (20). Using (20) and the expression obtained for time derivative of Ω_D (21), and by assumption that the thermodynamics second law is still valid, we studied the possibility (and necessary conditions) for quintessence to phantom phase transition and vice versa with a differentiable Hubble parameter. Using some theorems about solutions of cubic equation satisfied by Ω^{1/2}_D see (25), we showed that such transitions occur provided we appropriately choose the parameters of the system see(47) and (50).

References

[1] S. Perlmutter et al., Nature (London) 391, 51 (1998); D. N. Spergel et al. [WMAP Collaboration], Astrophys. J. Suppl. 148, 175 (2003); A. C. S. Readhead et al., Astrophys. J. 609, 498 (2004); J. H. Goldstein et al., Astrophys. J. 599, 773 (2003); M. Tegmark et al. [SDSS Collaboration], Phys. Rev. D 69, 103501 (2004); A. G. Riess et al. [Supernova Search Team Collaboration], Astron. J. 116, 1009 (1998); S. Perlmutter et al. [Supernova Cosmology Project Collaboration], Astrophys. J. 517, 565 (1999).

[2] B. Feng, X. L. Wang and X. M. Zhang, Phys. Lett. B 607, 35 (2005); D.

Huterer and A. Cooray, Phys. Rev. D 71, 023506 (2005); S. Nesserisa and L. Perivolaropoulos, Phys.Rev. D 72, 123519 (2005); U. Seljak, A. Slosar and P. McDonald, JCAP, 0610, 014 (2006).

[3] T. Padmanabhan, Phys. Rept. 380, 235 (2003) ; V. Sahni and A. A.

Starobinsky, Int. J. Mod. Phys. D 9, 373 (2000) ; S. M. Carroll, Living Rev. Rel. 4, 1 (2001) ; S. Weinberg, Rev. Mod. Phys. 61, 1 (1989).

[4] R. R. Caldwell, R. Dave and P. J. Steinhardt, Phys. Rev. Lett. 80, 1582 (1998); P. J. E. Peebles and A. Vilenkin, Phys. Rev. D 59, 063505 (1999) ; P. J. Steinhardt, L. M. Wang and I. Zlatev, Phys. Rev. D 59, 123504 (1999); M. Doran and J. Jaeckel, Phys. Rev. D 66, 043519 (2002); A. R. Liddle, P. Parson and J. D. Barrow, Phys. Rev. D 50, 7222 (1994); R. R. Caldwell, Phys. Lett. B 545, 23 (2002); R. R. Caldwell, M. Kamionkowski and N. N. Weinberg, Phys. Rev. Lett. 91, 071301 (2003); S. M. Carroll, M. Hoffman and M. Trodden, Phys. Rev. D 68, 023509 (2003); J. M. Cline, S. Y. Jeon and G. D. Moore, Phys. Rev. D 70, 043543 (2004); H. Wei, R. G. Cai and D. F. Zeng, Class. Quant. Grav. 22, 3189 (2005); H. Wei and R. G. Cai, Phys. Rev. D 72, 123507 (2005); M. Alimohammadi and H. Mohseni Sadjadi, Phys. Rev. D 73, 083527 (2006).

[5] M. Li, Phys. Lett. B 603, 1 (2004).

[6] P. Horava and D. Minic, Phys. Rev. Lett. 85, 1610 (2000); K. Enqvist and M. S. Sloth, Phys. Rev. Lett. 93, 221302 (2004); Q-G. Huang and T. Gong, JCAP 08, 006 (2004); Q-G. Huang and M. Li, JCAP 08, 013 (2004); B. Guberina, R. Horvat and H. Nikolic, Phys. Lett. B 636, 80 (2006); M. R. Setare and S. Shafei, JCAP 0609, 011 (2006).

[7] A. G. Cohen, D. B. Kaplan and A. E. Nelson, Phys. Rev. Lett. 82, 4971 (1999).

[8] L. Amendola, Phys. Rev. D 62, 043511 (2000); W. Zimdahl, D. Pavon and L. P. Chimento, Phys. Lett. B 521, 133 (2001); W. Zimdahl, Int. J. Mod. Phys. D 14, 2319 (2005); L.P. Chimento, A.S. Jakubi, D. Pavon and W. Zimdahl, Phys. Rev. D 67, 083513 (2003); D. Pavon and W. Zimdahl, Phys. Lett. B 628, 206 (2005); G. Mangano, G. Miele and V. Pettorino, Modern. Phys. Lett. A 18, 831 (2003); G. Farrar and P.J.E, Peebles, Astrophys. J. 604, 1 (2004); S. del Campo, R. Herrera, and D. Pavon, Phys. Rev. D 70, 043540 (2004); R-G. Cai and A. Wang, JCAP 0503, 002 (2005); Micheal S. Berger and H. Shojaei, Phys. Rev. D 73, 083528 (2006); Bo Hu and Y. Ling, Phys. Rev. D 73, 123510 (2006); H. Li, Z-k Guo and Y-z Zhang, Int. J. Mod. Phys. D 15, 869 (2006); S. Campo, R. Herrera, G. Olivares and D. pavon, Phys. Rev. D 74, 023501 (2006); B.Gumjudpai, T. Naskar, M. Sami and S. Tsujikawa, JCAP 0506, 007 (2005).

[9] Y. H. Wei and Y. Z. Zhang, Grav. Cosmol. 9, 307 (2003); Y. H. Wei and Y. Tian, Class. Quant. Grav. 21, 5347 (2004); R. G. Cai, H. S. Zhang and A. Wang, Commun. Theor. Phys. 44, 948 (2005); V. Sahni and Y. Shtanov, JCAP 0311, 014 (2003); I. Y. Arefeva, A. S. Koshelev and S. Y. Vernov, Phys. Rev. D 72, 064017 (2005); H. Wei, R. G. Cai and D. F. Zeng, Class. Quant. Grav. 22, 3189 (2005); H. Wei and R.

G. Cai, Phys. Rev. D 72, 123507 (2005); A. Vikman, Phys. Rev. D 71, 023515 (2005); A. Anisimov, E. Babichev and A. Vikman, JCAP 0506, 006 (2005); Wang, Y. G. Gong and E. Abdalla, Phys. Lett. B 624, 141 (2005); C. Carvalho and A. Saa, Phys. Rev. D 70, 087302 (2004); M. Li, B. Feng and X. Zhang, JCAP 0512, 002 (2005) ; H. Mohseni Sadjadi, Phys. Rev. D 73, 063525 (2006); V. K. Onemli and R. P. Woodard, Phys. Rev. D70, 107301 (2004); S. Nojiri, S. D. Odintsov and S. Tsujikawa, Phys. Rev. D 71, 063004 (2005);

[10] B. Wang, Y. Gong, E. Abdalla, Phys.Lett. B 624, 141 (2005); B. Wang, C-Y Lin, E. Abdalla, Phys. Lett. B 637, 357 (2006).

[11] H. Kim, HW Lee and YS Myung, Phys.Lett. B 632, 605 (2006).

[12] W. Fischler and L. Susskind, hep-th/9806039.

[13] E. Elizalde, S. Nojiri, S. D. Odintsov and P. Wang, Phys. Rev. D 71, 103504 (2005).

[14] H. Mohseni Sadjadi and M. Alimohammadi, Phys. Rev. D 74, 043506 (2006).