arXiv:0904.0110v1 [gr-qc] 1 Apr 2009

Bouncing universe with the non-minimally coupled scaler field and its reconstructing

J. Sadeghi^{a,∗} , F. Milani^{a,†}and A. R. Amani^{b, ‡}

aSciences Faculty, Department of Physics, Mazandaran University,

P .O .Box 47415-416, Babolsar, Iran b Department of Physics, Islamic Azad University - Ayatollah Amoli Branch,

P.O.Box 678, Amol, Iran

April 2, 2009

Abstract

In this paper we consider a non-minimally coupled scaler field, and show its equation of state parameter can crossing over −1, ω → −1, and bouncing condition. Also we obtain the stability conditions and consider reconstructing for our model.

Keywords:Bouncing Universe; Stability Condition; Coupled Scaler Fields; Reconstructing.

1 Introduction

Scalar fields play a central role in the modern cosmology. The combined analysis of the type Ia supernovae, galaxy clusters measurements and WMAP data provides an evidence for the accelerated cosmic expansion [1]-[5]. The cosmological acceleration strongly indicates that the present day universe is dominated by smoothly distributed slowly varying Dark Energy (DE) component. The modern constraints on the DE state parameter are around the cosmological constant value, ω = −1 ± 0.1 [3]-[7] and a possibility that ω is varied in time is not excluded. From the theoretical point of view there are three essentially different cases: ω > −1 (quintessence), ω = −1 (cosmological constant) and ω < −1 (phantom) ([8]-[28] and Refs. therein).

Since from the observational point of view there is no barrier between these three possibilities it is worth to consider models where these three cases are realized. Under general

∗Email: pouriya@ipm.ir †Email: f.m.1683@hotmail.com ‡Email: a.r.amani@iauamol.ac.ir

assumptions it is proved in [29] that within one scalar field model one can realize only one possibility: ω ≥ 1 (usual model), or ω ≤ 1 (phantom model). It is interesting that the interaction with the cold dark matter does not change the situation and does not remove the cosmological constant barrier [30].

On the other hand, the Friedman equation forms the starting point for almost all investigations in cosmology. Over the past few years possible corrections to the Friedman equation have been derived or proposed in a number of different contexts, generally inspired by braneworld investigation [31, 32]. These modification are often of a form that involves the total energy density ρ. In [33], multi-scalar coupled to gravity is studied in the context of conventional Friedman cosmology. It is found that the cosmological trajectories can be viewed as geodesic motion in an augmented target space.

In this way, there are several phenomenological models describing the crossing of the cosmological constant barrier [34]-[43]. Most of them use more then one scalar field or use a non-minimal coupling with the gravity, or modified gravity, in particular via the brane-world scenarios. In two-field models one of these two fields is a phantom, other one is a usual field and the interaction is nonpolynomial in general. It is important to find a model which follows from the fundamental principles and describes a crossing of the ω = −1 barrier. In this paper we show that such a model may appear within a brane approach when the universe is considered as a slowly decaying D3-brane and a possibility to cross the barrier comes from taking into account a back reaction of the D3-brane. This DE model [24] assumes that our universe is a slowly decaying D3-brane and its dynamics is described by the open string tachyon mode and the back reaction of this brane is incorporated in the dynamics of the closed string tachyon. The open string tachyon dynamics is described within a level truncated open string field theory (OSFT). The notable feature of this OSFT description of the tachyon dynamics is a non-local polynomial interaction [34]-[47].

It turns out the open string tachyon behavior is effectively described by a scalar field with a negative kinetic term (phantom) [48]-[51]. However this model does not suffer from quantum instability, which usually phantom models have, since in the nonlocal theory obtained from OSFT there are no ghosts at all near the non-perturbative vacuum [24]. On the other hand, inflation [52]-[54] is possibly the only known mechanism which dynamically solves the flatness and the horizon problem of the universe. Thus it has become an almost indispensable ingredient in cosmology. The inflaton, a scalar field, can also produce the density perturbations causally which can match with the data from observation. For example, the recent WMAP data [55]-[58] strongly supports the idea that the early universe went through an inflationary phase. Usually one considers the inflationary phase to be driven by the potential of a scalar field. Recently there has been an upsurge in activity for constructing such models in string theory. In the context of string theory, the tachyon field in the world volume theory of the open string stretched between a D-brane and an anti-D-brane or on a non-BPS D-brane has been taken as a natural candidate to play the role of the inflaton [59, 60]. This possibility of the tachyon field driving the cosmological inflation is related to the decay of unstable brane as a time dependent process which was advocated by Sen [61, 62]. The effective action used in the study of tachyon cosmology consists of the standard Einstein-Hilbert action and an effective action for the tachyon field on unstable

D-brane or braneantibrane system.

In this way, there are a lot of cosmological observations, such as SNe Ia [63]-[66], WMAP [67, 68], SDSS [69, 70, 71], Chandra X-ray Observatory [72] etc., that they reveal some crosschecked information of our universe. They suggest that the universe is spatially flat, and consists of approximately 70% dark energy with negative pressure, 30% dust matter (cold dark matters plus baryons), and negligible radiation, and that the universe is undergoing an accelerated expansion.

To accelerate the expansion, the equation of state parameter ω ≡^p_ρ of the dark energy must satisfy ω < −1/3, where p and ρ are its pressure and energy density, respectively. The simplest candidate of the dark energy is a tiny positive time-independent cosmological constant Λ, for which ω = −1. Another possibility is quintessence [73]-[77], a cosmic real scalar field that is displaced from the minimum of its potential.

Briefly, in section 2 we have defined our extended model and we have shown the equation of state parameter must be crossing over −1, ω → −1, and the Hubble parameter H running across zero at t = 0 and ingratiates bouncing conditions. In section 3 we consider stability of our model. In section 4 we will reconstruct a non-minimally scaler filed in the three forms of parametrization. Finally in section 5 we compare them together, with numerical methods.

2 Non-minimally coupled scalar field

In this section we consider the action in the Jordan frame [78, 79] with g_{μν} metric:

S = ∫ d^4x √ −g [ M^2_p 2 R − f(ϕ)R − 1 2 (∇ϕ)^2 − V (ϕ) ] , (1)

where M^2_p ≡^1_{8πG} , and f(ϕ)R term corresponds to the non-minimal coupling of the scalar field to gravity. For a flat Friedman-Robertson-Walker (FRW) universe we can assume that the universe is described by the flat, homogeneous, and isotropic universe model with the scale factor a. With (1) we obtain the equation of motion of the scalar field ϕ,

ϕ̈ + 3Hϕ̇ + V^′ + 6f^′(Ḣ + 2H^2) = 0. (2)

Where V^′ =^{dV (ϕ)}_{dϕ} and f^′ =^{df(ϕ)}_{dϕ} , and H =^ȧ is the Hubble parameter. The energymomentum tensor T^{μν} is given by the standard: δ_{gμν} S = − ∫ d^4x √ −g 2 T^{μν} δg_{μν} . (3) We can read the energy density from (3) as ρ = 1 2 ϕ̇^2 + V + 6H(ḟ + Hf), (4) and similarly the energy pressure p = 1 2 ϕ̇^2 − V − 2f̈ − 4Hḟ − 2f(2Ḣ + 3H^2). (5) With the Friedman equations, H^2 = 1 3M^2_p ρ, (6) and Ḣ = − 1

2M^2_p

(ρ + p), (7) The continuity equation to be, ρ̇ + 3Hρ(1 + ω) = 0, (8) and from Eqs. (4) and (6)we have

H = 1 6 6ḟ − √ 12 ( ḟ(3ḟ − ϕ̇2) + V (M 2_p − 2f) ) + 6M^2_p ϕ̇^2 M^2_p − 2f

. (9) We now study the cosmological evolution of equation of state for the present model. The equation of state is p = ωρ. To explore the possibility of the ω across −1, we have to check d dt (ρ+p) ≠ 0 when ω → −1. From Eqs. (4 ) and (5) one can obtain the following expressions, ρ + p = ϕ̇^2 + 2Hḟ − 4Ḣf − 2f̈. (10) Therefore from Eqs. (7) and (10) we obtain Ḣ = − 1 2(M^2_p − 2f)

(ϕ̇^2 + 2Hḟ − 2f̈), (11)

so we have^d_{dt} (ρ + p) = −2M^2_p Ḧ or, Ḧ = 1 (M^2_P − 2f) ( df̈ dt + Ḣḟ − Hf̈ − ϕ̇ϕ̈). (12) Now with replacing Eqs. (9) and (11) in the Eq. (12), if f = 1 + ∑ i=1 c_iϕ^{2i} and a tachyon scaler field, V = V_0e^{−λϕ2} (motivated by string theory [80]), with c_1 =^1_{12} and c_i = 0 for i > 1, one can obtain

Ḧ = 1

(6M^2_p − ϕ^2) { dϕ̈ dt [ϕ − 6M^2_p ϕ̇ U ] + ϕ̈[3ϕ̇ +

6M^2_p (λϕV − 2) + 2ϕV (1 − λϕ^2) U + 6M^2_p ϕ̇V (λ(ϕ^3 − 6M^2_p ) − ϕ) U^3 + 2 (6M^2_p − ϕ^2) ( (2ϕU − 3M^2_p ϕ̇)ϕϕ̇ U + (ϕϕ̇ − U)ϕ ) ] + ϕ̇[ 2V U ( 2λ(3M^2_p − 4λϕ^2)M^2_p + ϕ̇(1 − λϕ^2(5 − λϕ^2)) ) + ϕ̇ (6M^2_p − ϕ^2) × ( ϕ^2 U (4U + 2V (1 + λ(6M^2_p − ϕ^2))) + 2(ϕϕ̇ − U)(

4ϕ^2 (6M^2_p − ϕ^2)

+ 1) ) ] + V^2(λ(ϕ^3 − 6M^2_p ) − ϕ)^2 + 9M^4_p ϕ̇^2ϕ̈^2 U }. (13)

Where U = √ 2(6M^2_p − ϕ^2)V + 6M^2_p ϕ̇. With implying Eqs. (10) and (11) and a lot of complexity calculations one can finds either (i)ϕ̇ = 0 or (ii)ϕ̈ = 0 when ω → −1. (i) Let us assume ϕ̇ = 0 first when ω → −1, so we have,

Ḧ = 1 (6M^2_p − ϕ^2) {ϕ dϕ̈ dt + ϕ̈ √ 2(6M^2_p − ϕ^2)V ( 6M^2_p (λϕV − 2) − 2ϕV (1 + λϕ^2) )

+ V^2(λ(ϕ^3 − 6M^2_p ) − ϕ)^2} (14)

Therefore the conditions for having the ω across over −1 are (i-1)^{dϕ̈}_{dt} ≠ 0, (i-2)ϕ̈ ≠ 0 and (i-3)ϕ^2 ≠ 6M^2_p in addition to the ϕ̇ = 0.

(ii) Let us turn to the second case, when ω → −1. We now have

Ḧ = 1

(6M^2_p − ϕ^2) { dϕ̈ dt [ϕ − 6M^2_p ϕ̇ U ] + ϕ̇[ 2V U ( 2λ(3M^2_p − 4λϕ^2)M^2_p + ϕ̇(1 − λϕ^2(5 − λϕ^2)) ) + ϕ̇ (6M^2_p − ϕ^2) × ( ϕ^2 U (4U + 2V (1 + λ(6M^2_p − ϕ^2))) + 2(ϕϕ̇ − U)(

4ϕ^2 (6M^2_p − ϕ^2)

+ 1) ) ] + V^2(λ(ϕ^3 − 6M^2_p ) − ϕ)^2 U }. (15)

Therefore the conditions for having the ω across over −1 are (ii-1)^{dϕ̈}_{dt} ≠ 0, (ii-2)ϕ̇ ≠ 0 and (ii-3)ϕ ≠ 6M^2_p in addition to the ϕ̈ = 0.

Figure 1: The graph of EoS for V_0 = 4, λ = 0.6, c_1 =^1_{12} and c_{i>1} = 0. Initial values are ϕ(0) = 0.5 and ϕ̇(0) = −1.55.

In the Fig. 1 we consider a tachyon scaler field, V (ϕ) = V_0e^{−λϕ2} and f(ϕ) = 1 + ∑ i=1 c_iϕ^{2i}.

We have shown ω → −1, which gives rise to a possible inflationary phase after the bouncing.

Now we consider a detailed examination on the necessary conditions required for a successful bounce. During the contracting phase, the scale factor a(t) is decreasing, i.e., ä < 0, and in the expanding phase we have ä > 0. At the bouncing point, ä = 0, and around this point ä > 0 for a period of time. Equivalently in the bouncing cosmology the Hubble parameter H runs across zero from H < 0 to H > 0 and H = 0 at the bouncing point. A successful bounce requires around this point,

Ḣ = − 1 2M^2_p

(ρ + p) = − 1 2M^2_p ρ(1 + ω) > 0. (16)

Fig. 2 shows that the Hubble parameter H running across zero at t = 0 and ingratiates bouncing conditions, Eq. (16). In the Fig. 2 is seen in which the H crossing zero axes and it is a bounce point.

3 Stability conditions

In this section, we deal on the stability of our model. Here we want to consider the stability by a useful the function c^2_s = dp/dρ. This function just is the stability of our system by the scalar field that it must become more than zero. Of course this function express sound speed in a prefect liquid. Therefore we apply the analysis of our model in the ω^′ − ω plane which ω^′ = dω/d lna. In that case we obtain from Eqs. (9) and as the following form,

c^2_s = p^′ ρ^′ = ω + ρ ρ^′ ω^′, (17)

Figure 2: The graph of Hubble parameter H, for the potential V (ϕ) = V_0e^{−λϕ2} which V_0 = 4, λ = 0.6, c_1 =^1_{12} and c_{i>1} = 0 Initial values are ϕ(0) = 0.5 and ϕ̇(0) = −1.55

where the prime denote derivation with respect lna. By substituting Eq. (17) in term the prime in above equation yields,

c^2_s = ω − ω^′ 3(1 + ω)

. (18)

To employing the stability condition (c^2_s > 0), we obtain the two regions ω > −1 and ω < −1 respectively for ω^′ > 3ω(1 + ω) and ω^′ < 3ω(1 + ω) in the ω^′ − ω phase plane. These regions have been showed in Fig. 3.

Figure 3: The graph of ω^′ with respect to ω for the two cases investible. Now we show the stability condition for non-minimally coupled scalar field. We consider the stability condition by c^2_s parameter, which it can rewrite as the Hubbel parameter,

c^2_s = −1 − Ḧ 3HḢ . (19)

Now by numerical computing we can plot the c^2_s, in term of time evolution, that is shown in Fig. 4. We can see the stability condition for late time evolution i.e. c^2_s for t → +∞.

Figure 4: The graph of c^2_s with respect to time evolution.

4 Reconstructing a non-minimally coupled scalar field

In this section we consider reconstruct a non-minimally scaler filed in the three forms of parametrization.

Therefore from Eqs, (4) and (5) one can finds,

2ρ + 3p =

5M^2_p 2(M^2_p − 2f) ϕ̇^2 − M^{2p}

(M^2_p − 2f) V − 6M^2_p (M^2_p − 2f) f̈ = −K̃, (20)

with comparing by Eq. (4) and implying Eq. (9) we have, ρ = K̃ + 3Ṽ . (21) Where

Ṽ = M^{2p} (M^2_p − 2f)^2 ( 2ḟ + (ϕ̇^2 − 2f̈)(M^2_p − 2f) )

− M^2_p ḟ 3(M^2_p − 2f)^2 √ 36ḟ^2 + 6(M^2_p − 2ḟ)ϕ̇^2 + 12V (M^2_p − 2f). (22)

In this method the energy pressure is, p = −(K̃ + 2Ṽ ), (23) and equation of state can be obtained such as following,

ω = −1 + ( Ṽ K̃ + 3Ṽ ) . (24)

Then we can rewrite the Friedman equations from Eqs, (6) and (7) as following, 3M^2_p H^2 = ρ_m + ρ = ρ_m + K̃ + 3Ṽ , (25) and 2M^2_p Ḣ = −(ρ_m + ρ + p) = −ρ_m − Ṽ . (26) Where ρ_m is the energy density of dust matter, therefore we have K̃ = 2ρ_m + 3M^2_p H^2 + 6M^2_p Ḣ, (27) and Ṽ = −ρ_m − 2M^2_p Ḣ. (28) In this model, the dark energy fluid does not couple to the background fluid, the expression of the energy density of dust matter in respect of redshift z is [81], ρ_m = 3M^2_p H^2_0 Ω_{m0}(1 + z)^3, (29) where Ω_{m0} is the ratio density parameter of matter fluid and the subscript 0 indicates the present value of the corresponding quantity. Using the following relation d dt = −H(1 + z) d dz , (30) one can rewrite K̃ and Ṽ as following K̃ = M^2_p H^2_0 (6Ω_{m0}(1 + z)^3 + 3r − 3(1 + z)r^{(1)}) , (31) and Ṽ = M^2_p H^2_0 (−3Ω_{m0}(1 + z)^3 + (1 + z)r^{(1)}) . (32) Where r =^{H2}_{H20} and r^{(n)} =^{dnr}_{dzn} . By using Eqs. (24), (31) and (32) we obtain following expression for equation of state, ω = (1 + z)r^{(1)} − 3r −3Ω_{m0}(1 + z)^3 + 3r

, (33) and with using Eqs. (21), (23) and (30) one can find the sound speed such as following,

c^2_s =

(1 + z)r^{(2)} − 2r^{(1)} −9Ω_{m0}(1 + z)^2 + 3r^{(1)}

. (34) the sound speed is discussed for investigation of stability of the model and it necessary is to be c^2_s ≥ 0.

Finally from Eq. (33) we can obtain following equation for r(z) r(z) = Ω_{m0}(1 + z)^3 + (1 − Ω_{m0})e^{3 ∫ z0 1+ω(z̃)1+z̃ dz̃} (35) Also by using Eq (32) we have an expression for deceleration parameter q as follows, q = −1 − Ḣ H^2 = (1 + z)r^{(1)} − 2r 2r . (36)

5 Parametrization

Now act three different forms of parametrization as following and compare them together, with numerical methods. Parametrization 1:

First parametrization has proposed by Chevallier and Polarski [82] and Linder [83], where the EoS of dark energy in term of redshift z is given by,

ω(z) = ω_0 + ω_az 1 + z

. (37)

Parametrization 2:

Another the EoS in term of redshift z has proposed by Jassal, Bagla and Padmanabhan [84] as, ω(z) = ω_0 + ω_bz (1 + z)^2

. (38)

Parametrization 3:

Third parametrization has proposed by Alam, Sahni and Starobinsky [85]. They take expression of r in term of z as followoing,

r(z) = Ω_{m0}(1 + z)^3 + A_0 + A_1(1 + z) + A_2(1 + z)^2. (39)

By using the results of Refs.[86, 87, 88], we get coefficients of parametrization 1 as Ω_{m0} = 0.29, ω_0 = −1.07 and ω_a = 0.85, coefficients of parametrization 2 as Ω_{m0} = 0.28, ω_0 = −1.37 and ω_b = 3.39 and coefficients of parametrization 3 as Ω_{m0} = 0.30, A_0 = 1, A_1 = −0.48 and A_2 = 0.25.

The evolution of ω(z) and q(z) are plotted in Fig. 5 and Fig. 6 respectively. Also, using Eqs. (31), (32) and the three parameterizations, the evolutions of K(z̃) and V (z̃) are shown in Fig. 7 and Fig. 8 respectively.

Figure 5: Graphs for the EoS parameter in respect of redshift z. The solid, dot and dash lines represent parametrization 1, 2 and 3 respectively.

Figure 6: Graphs for the deceleration parameter in respect of redshift z. The solid, dot and dash lines represent parametrization 1, 2 and 3 respectively.

Figure 7: Graphs for the reconstructed K̃ in respect of redshift z. The solid, dot and dash lines represent parametrization 1, 2 and 3 respectively.

The evolution of a scalar field in respect of redshift z are sam for all of parametrization 1, 2 and 3. therefore all of parametrization give us consequence well. Fig. 5 show us in which we can explicitly see the dynamics of a scalar field . Also slope of graph decrease in the early epoch.

Now to achieve to stability of the model by using Eq. (34), so we can obtain following condition for all of parametrization

r(z) ≥ Ω_{m0}(1 + z)^3, (40)

where is accurate for three above parametrization.

6 Conclusion

In this paper , we have investigated bouncing universe by the action in the Jordan frame metric with Eq. (1). In this form has coupled a functional of scaler field with gravity term. We obtained equation of state with respect to time evolution, and one has crossing ω → −1. By consider stability, we have drown speed of sound in term of time evolution and it has

Figure 8: Graphs for the reconstructed Ṽ in respect of redshift z. The solid, dot and dash lines represent parametrization 1, 2 and 3 respectively.

Figure 9: Graphs for the reconstructed Ṽ in respect of scaler field ϕ. The solid, dot and dash lines represent parametrization 1, 2 and 3 respectively.

shown existence of stability in late time. In the graph of Hubble parameter, we can see bouncing condition as H crossing from t = 0 i.e. Ḣ > 0.

Also, we have reconstructed all of cosmology parameters with respect to redshift z. In that case, we have described the EoS to cross from −1 for three parametrization. Therefore, we can see from graph of z, the second parametrization is better than two other parametrization.

References

[1] A. G. Riess et al. Astron. J. 116 (1998) 1009, astro-ph/9805201.

[2] S. J. Perlmutter et al. Astroph. J. 517 (1999) 565, astro-ph/9812133.

[3] D. N. Spergel et al. Astroph. J. Suppl. 148 (2003) 175, astro-ph/0302209.

[4] J. L. Tonry et al. Astrophys. J. 594 (2003) 1, astro-ph/0305008.

[5] M. Tegmark at al. Phys.Rev. D69 (2004) 103501, astro-ph/0310723.

[6] U. Seljak at al. aspto-ph/0407372.

[7] M. Tegmark, JCAP 0504 (2005) 001, astro-ph/0410281. [8] R. R. Caldwell, Physics World, 17, No. 5 (2004) 37. [9] R. R. Caldwell, Phys. Lett.B 545 (2002) 23, astro-ph/9908168.

[10] R.R. Caldwell, M. Kamionkowski, N. N. Weinberg, Phys. Rev. Lett. 91 (2003) 071301, astro-ph/0302506.

[11] S. M. Carroll, M. Hoffman, M. Trodden, Phys. Rev. D68 (2003) 023509, astro-ph/0301273.

[12] J. M. Cline, S. Jeon, G. D. Moore, Phys. Rev. D70 (2004) 043543,hep-ph/0311312. [13] B. McInnes, JHEP 0208(2002) 029, hep-th/0112066.

[14] A. Melchiorri, L. Mersini, C. J. Odman, M. Trodden, Phys. Rev. D68 (2003) 043509, astro-ph/0211522.

[15] B. Feng, X. Wang, X. Zhang, astro-ph/0404224. [16] W. Fang, H. Q. Lu, Z. G. Huang, K. F. Zhang, hep-th/0409080. [17] S. Nesseris, L. Perivolaropoulos, Phys. Rev. D70 (2004) 123529,astro-ph/0410309. [18] S. D. H. Hsu, A. Jenkins, M.B. Wise, astro-ph/0406043.

[19] V.K. Onemli, R. P. Woodard, Phys. Rev. D70 (2004) 107301, gr-qc/0406098. [20] U. Alam, V. Sahni, A. A. Starobinsky, JCAP 0406 (2004) 008, astro-ph/0403687. [21] T. Padmanabhan, Phys. Rev. D66 (2002) 021301, hep-th/0204150. [22] T. Padmanabhan, T. Roy Choudhury, Phys. Rev. D66 (2002) 081301, hep-th/0205055. [23] J.-G. Hao, X.-Z. Li, Phys. Rev. D67 (2003) 107303, gr-qc/0302100. [24] I. Ya. Arefeva, astro-ph/0410443.

[25] P. Singh, M. Sami, N. Dadhich, Phys. Rev. D68 (2003) 023522, hep-th/0305110. [26] Z.-K. Guo, Y.-Z. Zhang, astro-ph/0411524. [27] S. M. Carroll, A. de Felice, M. Trodden, astro-ph/0408081. [28] I. Ya. Arefeva, A. S. Koshelev, S. Yu. Vernov, astro-ph/0412619. [29] A. Vikman, Phys. Rev. D71 (2005) 023515, astro-ph/0407107.

[30] I. Ya. Arefeva, A. S. Koshelev, S. Yu. Vernov, astro-ph/0505605. [31] E. J. Copeland, S. Lee, J. E. Lidsey and S. Mizuno, Phys. Rev. D 71, 023526 (2005). [32] S. Tsujikawa and M. Sami, Phys. Lett. B 603 113 (2004). [33] P. K. Townsend and M. N. R. Wohlfarth, Class.Quant.Grav. 21 5375 (2004). [34] B. Boisseau, G. Esposito-Farese, D. Polarski, A. A. Phys. Rev. Lett. 85 (2000) 2236, gr-qc/0001066.

[35] V. Sahni, Yu. V. Shtanov, JCAP 0311 (2003) 014, astro-ph/0202346. [36] B. McInnes, Nucl. Phys. B718 (2005) 55, hep-th/0502209. [37] L. Perivolaropoulos, Phys. Rev. D71, 063503 (2005), astro-ph/0412308. [38] B. Feng, X. Wang, X. Zhang, Phys. Lett. B607 (2005) 35, astro-ph/0404224. [39] Z.-K. Guo, Y.-S. Piao, X. Zhang, Y.-Z. Zhang, Phys. Lett. B608 (2005) 177, astro-ph/0410654.

[40] M. Sami, A. Toporensky, P. V. Tretjakov, Sh. Tsujikawa, Phys. Lett. B619 (2005) 193, hep-th/0504154.

[41] A. Anisimov, E. Babichev, A. Vikman, JCAP 0506 (2005) 006, astro-ph/0504560. [42] E. Witten, Nucl. Phys. B268 (1986) 253. [43] E. Witten, Nucl. Phys. B276 (1986) 291. [44] K. Ohmori, hep-th/0102085.

[45] I. Ya. Arefeva, D. M. Belov, A. A. Giryavets, A. S. Koshelev, P. B. Medvedev, hep-th/0111208.

[46] W. Taylor, hep-th/0301094.

[47] N. Berkovits, A. Sen, B. Zwiebach, Nucl. Phys. B587 (2000) 147, hep-th/0002211. [48] Ya. I. Volovich, J. Phys. A36 (2003) 8685, math-ph/0301028.

[49] V. S. Vladimirov, Ya. I. Volovich, Theor. Math. Phys. 138 (2004) 297, math-ph/0306018. [50] I. Ya. Arefeva, L.V. Joukovskaya, A.S. Koshelev, hep-th/0301137. [51] I. Ya. Arefeva, Fortschr. Phys. 51 (2003) 652. [52] A. Guth, Phys. Rev. D 23 (1981) 347.

[53] A.D. Linde, Particle Physics and Inflationary Cosmology (Harwood, New York, 1990).

[54] A. R. Liddle and D. H. Lyth, Cosmological inflation and large-scale structure, Cambridge University Press (2000).

[55] C. L. Bennett et al. Astrophys. J. Suppl. 148 (2003) 1. [56] D. N. Spergel et al. Astrophys. J. Suppl. 148 (2003) 175. [57] H. V. Peiris et al. Astrophys. J. Suppl. 148 (2003) 213. [58] G. Hinshaw et al. Astrophys. J. Suppl. 148 (2003) 135.

[59] D. Choudhury, D. Ghoshal, D. P. Jatkar and S. Panda, JCAP 0307 (2003) 009, hep-th/0305104.

[60] G. Felder, L. Kofman and A. Starobinsky, JHEP 0209 (2002) 026, hep-th/0208019. [61] Ashoke Sen, JHEP 0204 (2002) 048, hep-th/0203211. [62] Ashoke Sen, JHEP 9910 (1999) 008, hep-th/0203265. [63] A. G. Riess et al. Astrophys. J. 607 (2004) 665, astro-ph/0402512. [64] R. A. Knop et al. Astrophys. J. 598 (2003) 102, astro-ph/0309368. [65] A. G. Riess et al. Astron. J. 116 (1998) 1009, astro-ph/9805201. [66] S. Perlmutter et al. Astrophys. J. 517 (1999) 565, astro-ph/9812133. [67] C. L. Bennett et al., Astrophys. J. Suppl. 148 (2003) 1, astro-ph/0302207. [68] D. N. Spergel et al. Astrophys. J. Suppl. 148 (2003) 175, astro-ph/0302209. [69] M. Tegmark et al. Phys. Rev. D 69 (2004) 103501, astro-ph/0310723. [70] K. Abazajian et al. astro-ph/0410239.

[71] M. Tegmark et al. Astrophys. J. 606 (2004) 702, astro-ph/0310725. [72] S. W. Allen, R. W. Schmidt, H. Ebeling, A. C. Fabian and L. van Speybroeck, Mon.

Not. Roy. Astron. Soc. 353 (2004) 457, astro-ph/0405340.

[73] R. R. Caldwell, R. Dave and P. J. Steinhardt, Phys. Rev. Lett. 80, (1998) 1582, astro-ph/9708069.

[74] C. Wetterich, Nucl. Phys. B 302 (1988) 668.

[75] P. J. E. Peebles and B. Ratra, Astrophys. J. 325 (1988) L17.

[76] P. J. Steinhardt, L. M. Wang and I. Zlatev, Phys. Rev. D 59 (1999) 123504, astro-ph/9812313.

[77] A. DeBenedictis, A. Das and S. Kloster, Gen. Rel. Grav. 36 (2004) 2481, gr-qc/0402047. [78] T. Chiba and M. Yamaguchi, JCAP 10 (2008) 021, astro-ph/0807.4965; [79] T. Chiba and M. Yamaguchi, JCAP 01(2009)019, astro-ph/0810.5387. [80] J. Sadeghi, M.R. Setare, A. Banijamali and F. Milani, Phys Lett B 662 (2008) 92, hep-th/0804.0553v1.

[81] S. Zhang and B. Chen, Phys Lett B 669 (2008) 4, hep-th/0806.4435. [82] M. Chevallier and D. Polarski, Int. J. Mod. Phys. D 10 (2001) 213. [83] E. V. Linder, Phys. Rev. Lett. 90 (2003) 091301.

[84] H. K. Jassal, J. S. Bagla and T. Padmanabhan, Mon. Not. Roy. Astron. Soc. 356 (2005) L11.

[85] U. Alam, V. Sahni, T. D. Saini and A. A. Starobinsky, Mon. Not. Roy. Astron. Soc.

354 (2004) 275.

[86] Y. G. Gong and A. Z. Wang, Phys. Rev. D 75, 043520 (2007) 11. [87] Y. Wang and P. Mukherjee, Astrophys. J. 650 (2006) 1. [88] D. J. Eisenstein et al. Astrophys. J. 633 (2005) 560.