arXiv:1106.0091v2 [gr-qc] 8 Jun 2011

A new approach in stability analysis: case study: tachyon cosmology with non-minimally coupled scalar field-matter

H. Farajollahi^∗ and A. Salehi^† Department of Physics, University of Guilan, Rasht, Iran (Dated: June 9, 2011)

Abstract

We study the general properties of attractors in a cosmological model with tachyonic potential and a scalar field non-minimally coupled to matter. In the conventional approach to the stability analysis the qualitative properties of the equations and of the long-term behavior of the solutions are investigated where the scaling solutions are the late time attractors and independent of the initial conditions. In this article, in a new approach, we examine the stability analysis of the model by simultaneously solving the dynamical system and best fitting the stability parameters with the observational data. The advantage of this approach is that the model which was of a purely mathematical nature become physically motivated. The number of the new critical points and also their properties, given in terms of the best fitted parameters, may alter due to the best fitting procedure. In a further step in stability analysis, we best-fit both the stability parameters and initial conditions with the observational data. The results impose more constraints on the trajectories in the phase space and provides more information about the dynamics of the cosmological model.

PACS numbers: 04.50.Kd; 98.80.-k Keywords: Tachyon, stability, phase space, distance modulus, statefinder, drift velocity.

∗Electronic address: hosseinf@guilan.ac.ir †Electronic address: a.salehi@guilan.ac.ir

1. INTRODUCTION

Recently, the observations of high redshift type Ia supernovae and the surveys of clusters of galaxies reveal the universe accelerating expansion and that the density of matter is very much less than the critical density [1]–[2]. Whereas the above observational data properly complete each other, the dynamical dark energy (DE) proposal as an interesting possibility may arise to explain the observational constraints [3].

The two fine tuning and cosmic coincidence problems are the most serious issues with regards to the DE models and of the most frequently used approach to moderate these problems is the tracker field DE scenario by employing scalar field models which exhibit scaling solutions [4]. Tracker models are independent of initial conditions used for field evolution but require the tuning of the slope of the scalar field potential. During the scaling regime, the scalar field energy density is of the same order of magnitude as the background energy density. The scaling solutions as dynamical attractors can considerably resolve the two above mentioned problems. By investigating the nature of scaling solutions, one can determine whether such behavior is stable or just a transient feature and explore the asymptotic behavior of the scalar field potential [5]. In studying the scalar field models with exponential potential there exist scaling attractor solutions [6].

In quintessence dark energy model, there are two scaling solutions. One, the fluid-scalar field scaling solution, which remains subdominant for most of the cosmic evolution. It is necessary that the scalar field mimics the background energy density (radiation/ matter) in order to respect the nucleosynthesis constraint and can also solve the fine-tuning problem of initial conditions. Two, the scalar field dominated scaling solution, which is a late time attractor and gives rise to the accelerated expansion. Since the fluid-scalar field scaling solution is non-accelerating, we need an additional mechanism exit from the scaling regime so as to enter the scalar field dominated scaling solution at late times. For the discussion on the exiting mechanism one can refer to [7].

In scalar-tensor theories [8]–[17], interaction of the scalar field with matter [18]–[21] and the presence of the tachyon potential in the formalism [22]–[23] separately are used to interpret the late time acceleration. For tachyon dark energy [24, 27] as well as other scalar-tensor models in which a scalar field non-minimally coupled to the matter [28], the scaling solutions have been investigated separately. In this paper, we integrate both non-minimal coupling and tachyon models in one to investigate the scaling solutions and late time acceleration of the universe. The scalar field in our model is coupled with the matter lagrangian and also by its presence in tachyonic potential can be regarded as tachyon field. In our model, a prefect fluid with p_m = γρ_m represent the matter in the universe, and the tachyonic scalar field candidates for DE.

As discussed, in stability analysis we study the qualitative properties of the equations and of the long-term behavior of the solutions where the scaling solutions are the late time attractors and independent of the initial conditions. Here, in a new approach, we investigate the stability analysis of our model by simultaneously solving the system of equations and best fitting the stability parameters with the observational data. The advantage of this approach is that the model which was of a purely mathematical nature become physically motivated. The properties of the critical points that are now given exactly in terms of the best fitted parameters may change due to the best fitting effect. In a further step in stability analysis, we best-fit both the stability parameters and initial conditions with the observational data. The results impose more constraints on the trajectories in the phase space and provides more information about the dynamics of the universe.

The well-known geometric variables, i.e. Hubble and deceleration parameters at the present time are used to explain the acceleration expansion of the universe. However, considering the increased accuracy of the observational data during the last few years and generality of the DE models, new geometrical variables are introduced to differentiate these models and better fit the observational data. In this regard, a cosmological diagnostic pair {s, r}, called statefinder is introduced to differentiate the expansion dynamics with higher derivatives of the scale factor and is a natural next step beyond the well known geometric variables [29]. The statefinder pair has been used to explore a series of dark energy and cosmological models, including Λ cold dark matter (LCDM), quintessence, coupled quintessence, Chaplygin gas, holographic dark energy models, braneworld models, and so on [30–32].

The Cosmological Redshift Drift (CRD) test which maps the expansion of the universe directly is also examined in here. We assume that the universe is homogeneous and isotropic at the cosmological scales [33]. The test is based on very simple and straightforward physics. Observationally, it is a very challenging task and requires technological breakthroughs, for more details see [34]–[38].

The manuscript is organized as followers. In section 2, we derive the field equations for the model. In section 3, we perform stability analysis and obtain the autonomous equations in term of the new dynamical variables for the model. The critical points are also obtained. section 3.1 is designed to solve once again the autonomous equations by best fitting the stability parameters and initial conditions. Then we obtain the new properties for the critical points. The Stability of the best fitted critical points and phase space is studied in section 3.2. In section 4.1, for the best fitted model, the cosmological parameters are investigated. In addition, in section 4.2, the model is tested against observational data for the drift velocity. In section 5 we present summary and remarks.

2. THE MODEL

The model is presented by the action, S = ∫ [ R 16πG − V (ϕ) √ 1 − ϕ_{,μ}ϕ^{,μ} + f(ϕ)L_m] √ −gdx^4, (1) where R is Ricci scalar, G is the newtonian constant gravity, and the second term in the action is tachyon potential. The f(ϕ) is an analytic function of the scalar field. The last term in the lagrangian brings about the nonminimal interaction between the matter and the scalar field. The variation of action (1) with respect to the metric tensor components in a spatially flat FRW cosmology yields the field equations:

3H^2 = ρ_mf + V (ϕ) √ 1 − ϕ̇^2

, (2)

2Ḣ + 3H^2 = −γρ_mf + V (ϕ) √ 1 − ϕ̇^2, (3)

where we put 8πG = c = ℏ = 1 and H =^ȧ with a is the scale factor of the universe. we also assume a perfect fluid with p_m = γρ_m. Note that in here γ is the EoS parameter for the matter field in the universe. Variation of the action (1) with respect to the scalar field ϕ provides the wave equation for the scalar field as ϕ̈ + (1 − ϕ̇^2)(3Hϕ̇ + V ′ V ) = − ϵf^′ V (1 − ϕ̇^2)^{32} ρ_m, (4)

where prime indicates differentiation with respect to ϕ and ϵ = 1 − 3γ. From equations (2)–(3) one arrives at the conservation equation, ˙(ρ_mf) + 3H(1 + γ)ρ_mf = ϵρ_mḟ. (5)

From equations (2) and (3), by defining the effective energy density and pressure, ρ_{eff} and p_{eff} , one can identify an effective EoS parameter as

ω_{eff} ≡ p_{eff} ρ_{eff} = γρ_mf − V (ϕ) √ 1 − ϕ̇^2 ρ_mf +^{V (ϕ)}√_{1−ϕ̇2} (6)

In the next section we study the stability analysis of the model in the phase space.

3. PERTURBATION AND STABILITY ANALYSIS

The structure of the dynamical system can be studied via phase plane analysis, by introducing the following dimensionless variables, x = ρ_mf 3H^2 , y = V 3H^2 , z = ϕ̇, (7) and parameters α = ḟ fH , β = V̇ V H . (8)

Then using (2)-(5), the equations for the new dynamical variables are, x^′ = −2x(− 3 2 − 3γ 2 x + 3y^2 2 − 2x ) + ϵαx − 3(1 + γ)x, (9) y^′ = −2y(− 3 2 − 3γ 2 x + 3y^2 2 − 2x ) + βy (10)

z^′ = −(1 − z^2)(3z + β z ) − ϵ(1 − z^2)^{32} xy z (11)

where prime ”^′ ”in here and from now on means derivative with respect to N = ln(a). By using the Fridmann constraint equation (2) in terms of the new dynamical variables, i.e. x + y √ 1 − z^2

= 1, (12)

the equations (9)-(11) reduce to, x^′ = −2x(− 3 2 − 3γ 2 x + 3y^2 2 − 2x ) + ϵαx − 3(1 + γ)x, (13) y^′ = −2y(− 3 2 − 3γ 2 x + 3y^2 2 − 2x ) + βy. (14)

In term of the new dynamical variable we also have, Ḣ H^2 = − 3 2 (1 + γx + y^2 x − 1 ). (15)

In stability formalism, by simultaneously solving x^′ = 0, y^′ = 0 the fixed points (critical points) can be obtained. The critical points that depend on the cosmological and stability parameters γ, α and β are illustrated in Table I.

TABLE I: The fixed points points FP1 FP2 FP3

x 0 0 0 y 0 √_{β+3} 3 - √_{β+3} 3 Substituting linear perturbations x^′ → x^′ +δx^′, y^′ → y^′ +δy^′, about the critical points into the two independent equations (13)–(14), to the first orders in the perturbations, gives us two eigenvalues λ_i(i = 1, 2) which has to be negative as a requirement by stability method. In the following, the nature of the three critical points are given with the stability conditions:

F P 1 : λ_{1P 1} = 3 + β, λ_{2P 1} = −3γ + (1 − 3γ)α F P 2, 3 : λ_{1P 2,3} = −6 − 2β, λ_{2P 2,3} = −3 − 3γ + (1 − 3γ)α − β

where F P 1 : stablefor α <^{3γ}_{1−3γ} , β < −3 γ <^1_3 α >^{3γ}_{1−3γ} , β < −3 γ >^1_3 β < −3 γ =^1_3

F P 2, 3 : stablefor [[^{3γ}_{3γ−1} ≤ α, β > −3αγ − 3γ + α − 3], [α <^{3γ}_{3γ−1} , β > −3]] γ <^1_3 [[^{3γ}_{3γ−1} ≥ α, β > −3αγ − 3γ + α − 3], [α >^{3γ}_{3γ−1} , β > −3]] γ >^1_3 β > −3 γ =^1_3

As can be seen, all the critical points are stable for the given conditions on α, β and γ. Ont the other hand, two of the cosmological parameters which relates the dynamics of the universe with the observational data are the EoS and deceleration parameters. In terms of the new dynamical variables in our model they are given by, ω_{eff} = γx + y^2 x − 1 , (16) q = 1 2 (1 + γx + y^2 x − 1 ). (17)

Moreover, the statefinder parameters {r, s} in terms of the dynamical variables are, r = Ḧ H^3

− 3q − 2 = d dN ( Ḣ H^2

) + 2( Ḣ H^2

)^2 + 3 Ḣ H^2

+ 1, (18) s = r − 1 3(q −^1_2 )

, (19)

where^Ḣ_{H2} in terms of the new dynamical variables is given by (15). For our model these parameters are presented in Table II:

TABLE II: Properties of the fixed points points q ω_{eff} r s acceleration

FP1 1/2 0 1 1 No FP2 −1 −^β_2 −1 −^β_3^{β2}_2 +^{3β}_2 + 1^{−β}_3 β > −2 FP3 −1 −^β_2 −1 −^β_3^{β2}_2 +^{3β}_2 + 1^{−β}_3 β > −2

In the following, we solve the above equations for γ = 0 and γ = 1/3 by best fitting the model parameters and initial conditions with the observational data using the χ^2 method. This enables us to find the solutions for the above equations and conditions for the stability of the critical points that are physically more meaningful and observationally more favored. In the next section we best fit the model with the observational data for distance modulus.

3.1. Best fitting the stability parameters and initial conditions

The difference between the absolute and apparent luminosity of a distance object is given by, μ(z) = 25 + 5 log_{10} d_L(z) where the Luminosity distance quantity, d_L(z) is given by

d_L(z) = (1 + z) ∫_z 0 dz^′ H(z^′) . (20)

In our model, from numerical computation one can obtain H(z) which can be used to evaluate μ(z). To best fit the model for the parameters α and β and the initial conditions x(0), y(0), H(0) with the most recent observational data, the Type Ia supernovea (SNe Ia), we employe the χ^2 method. We constrain the parameters including the initial conditions by minimizing the χ^2 function given as χ^2_{SNe}(α, β, H(0), x(0), y(0)) = 557∑ i=1 [μ^{the}_i (z_i|α, β, H(0), x(0), y(0)) − μ^{obs}_i ]^2 σ^2_i

, (21)

where the sum is over the SNe Ia sample. In relation (21), μ^{the}_i and μ^{obs}_i are the distance modulus parameters obtained from our model and from observation, respectively, and σ is the estimated error of the μ^{obs}_i . From numerical computation, Table III shows the best fitted model parameters for γ = 0 and γ = 1/3.

TABLE III: Best-fitted model parameters and initial conditions.

parameters α β x(0) y(0) H(0) χ^2_{min}

γ = 0 −0.17 −1.62 −0.2 −0.8 0.904 548.8365694 γ = 1/3 − −1.1 −0.2 −0.8 0.909 552.6788148

Fig. 1) shows the constraints on the parameters α, β and the initial condition H(0) at the 68.3%, 95.4% and 99.7% confidence levels in both cases of γ = 0, 1/3. Note that in case of γ = 1/3, since equation (14) is independent of α, there is no constraint on α in this case, and therefore the equation becomes independent of this parameter as can be seen in the table III and Fig. 1.

Fig. 1: The graph of confidence level for (α, H_0) and (β, H_0) Left and Middle)for case γ = 0, Right) for γ =^1_3 Alternatively, we can plot the likelihood for the model parameters in both cases γ = 0 and γ = 1/3 ( Figs. 2-4).

Fig. 2: The graph of 2-dim likelihood distribution for (α, H_0) and (β, H_0) Left and Middle)for case γ = 0, Right) for γ =^1_3

Fig. 3: The graph of 1-dim likelihood distribution for α, β and H_0 for γ = 0

Fig. 4: The graph of 1-dim likelihood distribution for β and H_0 for γ =^1_3 The distance modulus, μ(z), plotted in Fig. 5, in both cases γ = 0, 1/3 are best fitted with the SNe Ia observational data for the model parameters and initial conditions using χ^2 method.

Fig. 5: The best-fitted distance modulus μ(z) plotted as function of redshift for left) γ = 0 right) γ =^1_3 In the following we investigate the stability of the model with respect to the best fitted model parameters and initial conditions for the two specific choices of the EoS parameter for the matter in the universe, i.e. γ = 0 and γ = 1/3.

3.2. Stability of the best fitted critical points and phase space

Solving the stability equations for the best fitted model parameters we find fixed points and the stability properties as illustrated in tables IV and V, for γ = 0 and γ = 1/3 respectively.

TABLE IV: Best-fitted fixed points for γ = 0 points (x, y) Stability FP1 (0, 0) unstable FP2 (0, 0.7) stable FP3 (0, −0.7) stable

TABLE V: Best-fitted fixed points for γ =^1_3 points (x, y) Stability FP1 (0, 0) unstable FP2 (0, 0.8) stable FP3 (0, −0.8) stable

From the above tables we see that, by best fitting the stability parameters, the critical points FP2 and FP3 are stable whereas FP1 is unstable in both γ = 1/3, 0. Thus, the number of critical points reduced from three to two. In addition, when best-fitting both the stability parameters and initial conditions, the best fitted trajectory for the system can be obtained which starts from an unstable critical point or infinity and approaches the stable critical point. In both graphs in Fig. 6), for γ = 0, 1/3 all the best fitted trajectories for the stability parameters with different initial conditions leaving the unstable critical point P1 in the past in the phase plane is shown moving towards the stable critical point P2 and P3 in the future. Moreover, the best fitted trajectories ( in red color) for both stability parameters and initial conditions are shown approaching the critical point P3.

Fig. 6: The phase plane for left) γ = 0, right) γ =^1_3 for best-fitted model parameter α and β

4. COSMOLOGICAL TEST

To verify our model with the observation, in the following we perform two different kind of cosmological tests.

4.1. Cosmological parameters

In order to understand the behavior of the universe and its dynamics we need to study the cosmological parameters. We have best fitted our model with the current observational data by the distance modulus test. The cosmological parameters analytically and/or numerically have been investigated by many authors for variety of cosmological models. Applying stability analysis and simultaneously best fitting the model with the observational data gives us a better understanding of the critical points and the dynamics of these parameters. The effective EoS parameter, deceleration parameter and statefinders are given in terms of new dynamical variables in equations (16-19). In tables VI and VII, the properties of the best-fitted critical points for γ = 0, 1/3 are shown.

In Fig. 7 and 8, the effective EoS parameters and deceleration parameter are shown in both cases, γ = 0, 1/3. All the trajectories shown in these graphs are best fitted for the stability parameters α and β. In addition, the trajectory with red color are best fitted for both stability parameters and also initial conditions. From Fig. 7 one observes that for γ = 0, 1/3 the phantom crossing do not occur in the past and future. In Fig. 7)left and table VI, for γ = 0 it shows that if both stability parameters and initial conditions are best-fitted, the universe starts from the unstable state at in the past with ω_{eff} = 0 and approaches the stable state in future with ω_{eff} = −0.47 (FP3). The best-fitted current value for the effective EoS parameter is about −5.5.

From Fig. 7)right and table VII, for γ = 1/3 we see that the universe start from unstable state in the past with ω_{eff} → −∞ and approaches the stable state in future with ω_{eff} = −0.43 (FP3). The best-fitted current value for the effective EoS parameter is about −6.2.

From Fig.8 for γ = 0, we see that, the universe start from unstable state with positive deceleration parameter and approaches the accelerating stable state in future. It is interesting to see from the graph that for the best fitted stability parameters the universe is currently decelerating whereas for the best fitted stability parameters and initial conditions the universe is currently in accelerating state which is in compatible with the observational data. One see that from Fig.8 for γ = 1/3, the universe starts from unstable state in the past with q → −∞ which is not compatible with observation.

TABLE VI: Properties of the best-fitted fixed points for γ = 0 points q ω_{eff} r s acceleration

FP1 1/2 0 1 1 No FP2 −0.2 −0.47 −0.11 0.54 yes FP3 −0.2 −0.47 −0.11 0.54 yes

Fig.7: The graph of best-fitted effective EoS parameter, ω_{eff} for left) γ = 0, right) γ =^1_3 .

The red trajectory is for the both best-fitted model parameters and I.C.s

Fig.8: The graph of best-fitted deceleration parameter, q for left) γ = 0, right) γ =^1_3 .

The red trajectory is for the both best-fitted model parameters and best I.C.s Figs.9-13 show the statefinder diagrams {s, q} and {r, q} and their evolutionary trajectories. As above, in all these graphs, the statefinder trajectories are best-fitted for the stability parameters, whereas the trajectories with red color are also best fitted for initial conditions.

From the graph of the statefinder {r, q}, {s, q} and {r, s} for γ = 0 we see that all the

TABLE VII: Properties of the best-fitted fixed points for γ =^1_3 points q ω_{eff} r s acceleration

FP1 1/2 0 1 1 No FP2 −0.45 −0.63 −0.02 0.37 yes FP3 −0.45 −0.63 −0.02 0.37 yes best-fitted trajectories start from the standard cold dark energy (SCDM) in the past which is an unstable critical point and tend their evolution to the stable state in the future. The current values of the trajectories are also shown and can be compared with the position of SCDM. However the result is not promising for the case γ = 1/3 as the trajectories start from not a physically known state in the past.

Fig.9: The graph of the best-fitted statefinder {s, q} for left) γ = 0, right) γ =^1_3 . The red trajectory is for the both best-fitted model parameters and best I.C.s

Fig.10: The graph of the best-fitted statefinder {r, q} for left) γ = 0, right) γ =^1_3 .

The red trajectory is for the both best-fitted model parameters and best I.C.s

Fig.11: The graph of the best-fitted statefinder {r, s} for left) γ = 0, right) γ =^1_3 .

The red trajectory is for the both best-fitted model parameters and best I.C.s

Fig.12: The graph of the best-fitted statefinder (r, ln(a)) for left) γ = 0, right) γ =^1_3 .

The red trajectory is for the both best-fitted model parameters and best I.C.s

Fig.13: The graph of the best-fitted statefinder (s, ln(a)) for left) γ = 0, right) γ =^1_3 .

The red trajectory is for the both best-fitted model parameters and best I.C.s

4.2. CRD test

The Cosmological Redshift Drift is extracted from

ż = (1 + z)H_0 − H(z), (22)

known as Mc Vittie equation. The equation immediately leads to velocity drift

v̇ = cH_0 − cH(z) 1 + z

. (23)

with respect to the redshift that, by using H(z) from numerical computation in our model, can be obtained against observational data. In our model, H(z) is taken from numerical calculation in terms of the stability dynamical variables and after best fitting the model with the stability parameters and initial conditions. Fig. 14 shows a comparison between the velocity drift in our model for γ = 0, 1/3 and ΛCDM model. As can be seen our model for γ = 0 better fits the observational data in comparison with ΛCDM mode. It also shows another disadvantage in γ = 1/3 case.

Fig. 14: The graph of velocity drift as function of redshift for γ = 0 and γ =^1_3

5. SUMMARY AND REAMRKS

This paper is designed to study the attractor solutions of a cosmological model with tachyonic potential and non minimally coupled scalar field with the matter, by stability analysis and making use of the 3-dimensional phase space of the theory. The model characterized by the scalar field ϕ , the scalar potential V (ϕ), and the scalar function f(ϕ) nonminimally coupled to the matter lagrangian. The scalar function f(ϕ) and potential V (ϕ) are arbitrary and not specified in advance. The stability analysis gives the corresponding conditions for tracking attractor and determines the type of the universe behavior in the past and future.

In this work, with a new approach in stability analysis, we simultaneously best-fitting the stability parameters with the observational data using χ^2 method and solving the system of equations. The advantage of this approach is that the obtained critical points are observationally verified and thus physically more promising. The best fitted critical points are physical critical points. By this approach in our model we find that one of the mathematically known stable critical point (FP1) is now physically unstable. Another advantage of this approach is that the fixed points coordinates are best fitted. We added even one more step in the process and best-fitted both stability parameters and initial conditions in the model. As a result, we obtained the observationally verified trajectories in the phase plane.

We then study the cosmological parameters such as effective EoS parameter, ω_{eff} , deceleration parameter, q, and statefinder parameters for the model in terms of the best-fitted stability parameters. It shows that the EoS parameter for both γ = 0, 1/3, does not cross the cosmological divide line in the past and future. In γ = 0 case, the universe starts from unstable state in the past with ω_{eff} = 0 and finally tends to the stable state in the future with ω_{eff} = −0.47. The current value of the EoS parameter of the universe for both best fitted stability parameters and initial conditions is within the range of observationally accepted values. The model also tested with CRD observational data and shows a better match with the data compare to the ΛCDM model and also case γ = 1/3. With both best-fitted stability parameters and initial conditions, the deceleration parameter q satisfies q < 0 at present and q > 0 in the matter dominated era, in the case of γ = 0. The statefinder parameters show that the universe start from SCDM in the past and approaches a state near SS in future for γ = 0. In γ = 1/3 case, the model is not observationally verified as the universe starts from an accelerated state in the past and the EoS parameter also begins from an unstable state with ω_{eff} = −∞. In addition, the model does not explain the CRD data. Note that in this case, from stability equations (13-14), the new dynamical variables are independent of one of the stability parameters, α. Since α is proportional to^ḟ , the scenario is similar to a cosmological model with no coupling between the scalar field and matter which can justify the unsatisfactory result in γ = 1/3 case.

Acknowledgments

The authors would like to thank the anonymous referee for valuable comments to significantly improve the manuscript. We would also like to thank the research council of University of Guilan for financial support.

[1] J. L. Tonry et al, Astrophys J. 594, 1-24 (2003); C. I. Bennet et al, Astrophys J. Suppl. 148:1, (2003) [2] D. N. Spergel, et. al., Astrophys J. Supp. 148 175, (2003) [3] V. Sahni, A. Starobinsky, Int. J. Mod. Phys. D 9 373-444, (2000); M. R. Setare, Phys. Lett.

B644:99-103,(2007) [4] D. A. Easson, JCAP 070 2, 004 (2007) [5] S.A. Kim, A. R. Liddle and S. Tsujikawa, Phys. Rev. D 72, 043506 (2005). [6] E. J. Copeland, A. R. Liddle and D. Wands, Phys. Rev. D 57, 4686 (1998) [7] E. J. Copeland, M. Sami, S. Tsujikawa , Int. J. Mod. Phys. D15:1753-1936, (2006); T. Barreiro, E. J. Copeland and N. J. Nunes, Phys. Rev. D 61, 127301 (2000) [8] B.K. Sahoo and L.P. Singh, Mod. Phys. Lett. A 17, 2409 (2002). [9] B.K. Sahoo and L.P. Singh, Mod. Phys. Lett. A 18, 2725 (2003). [10] B.K. Sahoo and L.P. Singh, Mod. Phys. Lett. A 19, 1745 (2004). [11] J. Sadeghi, M.R. Setare, A. Banijamali and F. Milani, Phys. Rev. D 79, 123003 (2009). [12] S. Capozziello, S. Carloni and A. Troisi, Recent Res. Dev. Astron. Astrophys. 1, 625 (2003). [13] S. Nojiri and S.D. Odintsov, Phys. Rev. D 68, 123512 (2003); Phys. Lett. B 576, 5 (2003). [14] V. Faraoni, Phys. Rev. D 75 067302 (2007) ; J.C.C. de Souza, V. Faraoni, Class. Quant. Grav.

24 3637(2007) ; A.W. Brookfield, C. van de Bruck and L.M.H. Hall, Phys. Rev. D 74 064028 (2006) ; F. Briscese, E. Elizalde, S. Nojiri and S.D. Odintsov, Phys. Lett. B 646 105(2007).

[15] S. Rahvar and Y. Sobouti, Mod. Phys. Lett. A 23 1929(2008) ; O. Bertolami, C.G. Bohmer, T. Harko and F.S.N. Lobo, Phys. Rev. D 75 104016(2007) ; S. Carloni, P.K.S. Dunsby and A. Troisi, Phys. Rev. D 77 024024(2008) ; F. Briscese and E. Elizalde, Phys. Rev. D 77 044009(2008) ; B. Li and J.D. Barrow, Phys. Rev. D 75, 084010 (2007).

[16] T. Clifton and J. D. Barrow, Phys. Rev. D 72 103005(2005) ; T. Koivisto, Phys. Rev. D 76

043527 (2007) ; S.K. Srivastava, Phys. Lett. B 648 119 (2007) ; S. Nojiri, S.D. Odintsov and P. Tretyakov, Phys. Lett. B 651 22(2007) 4; S. Baghram, M. Farhang and S. Rahvar, Phys. Rev. D 75 044024 (2007); H. Farajollahi, F. Milani, Mod. Phy. lett. A, Vol. 25, No. 27 2349-2362 (2010).

[17] S. Nojiri and S.D. Odintsov, Gen. Rel. Grav. 36 1765(2004) ; Phys. Lett. B 599 137(2004) ; G. Cognola, E. Elizalde, S. Nojiri, S.D. Odintsov and S. Zerbini, JCAP 0502 010(2005); Phys. Rev. D 73 084007(2006); K. Henttunen, T. Multamaki and I. Vilja, Phys. Rev. D 77 024040(2008).

[18] M. R. Setare, M. Jamil, Phys. Lett. B 690 1-4 (2010); A. C. Davis, C. A.O. Schelpe, D. J.

Shaw, Phys.Rev.D80 064016 (92009); Y. Ito, S. Nojiri, Phys.Rev.D79:103008 (2009); Takashi Tamaki, Shinji Tsujikawa, Phys.Rev.D78 084028 (2008).

[19] D.F. Mota, D.J. Shaw, Phys. Rev. D 75, 063501(2007).

[20] H. Farajollahi, A. Salehi, Int. J. Mod. Phys. D, Vol. 19, No. 5, 1-13 (2010). [21] K. Dimopoulos, M. Axenides, JCAP 0506:008 (2005).

[22] T. Damour, G. W. Gibbons and C. Gundlach, Phys. Rev. Lett, 64, 123 (1990); H. Farajollahi, N. Mohamadi, Int. J. Theor. Phys.49:72-78 (2010); H. Farajollahi, N. Mohamadi, H. Amiri, Mod. Phys. Lett. A, Vol. 25, No. 30, 2579-2589 (2010).

[23] T.Padmanabhan, Phys.Rev.D66:021301 (2002), S. Chattopadhyay, U. Debnath, G. Chattopadhyay, Astrophys.SpaceSci.314:41-44 (2008) [24] S. Tsujikawa, Phys. Rev. D 73 103504 (2006) [25] Y. Gong, A. Wang and Y. Z. Zhang, Phys. Lett. B 636 286 (2006) [26] T. Padmanabhan and T. R. Choudhury, Phys. Rev. D 66 081301 (2002) [27] F. Piazza and S. Tsujikawa, JCAP 0407 004 (2004) [28] H. Farajollahi, A. Salehi, JCAP, 11, 006 (2010) [29] V. Sahni, T. D. Saini, A. A. Starobinsky and U. Alam, JETP Lett. 77, 201 (2003) [30] U. Alam, V. Sahni, T. D. Saini and A. A. Starobinsky, Mon. Not. Roy. Astron. Soc. 344, 1057 (2003) [31] W. Zimdahl, D. Pavon, Gen. Rel. Grav. 36, 1483 (2004); X. Zhang, Phys. Lett. B611, 1 (2005) [32] Z. L. Yi and T. J. Zhang, Phys. Rev. D75, 083515 (2007) [33] J. Liske et al., Mon. Not. Roy. Astr. Soc., 386, 1192 (2008) [34] S. Cristiani et al., Nuovo Cim.122B:1159-1164 (2007); Nuovo Cim.122B:1165-1170 (2007)

[35] D. Jain, S. Jhingan, arXiv:0910.4825v2 [36] A. Sandage, Astrophys. J., 136, 319 (1962) [37] G. C. McVittie, Astrophys. J., 136, 334 (1962); R. Rudiger, Astrophys. J., 240, 384 (1980);

Lake, K., Astrophys. J., 247, 17 (1981); Rudiger, R., Astrophys. J., 260, 33 (1982); Lake, K., Phys. Rev. D76, 063508 (2007) [38] A. Loeb, Astrophys. J., 499, L111 (1998)