arXiv:0905.0302v3 [gr-qc] 16 Aug 2009

The torsion cosmology in Kaluza-Klein theory

Songbai Chen^∗ and Jiliang Jing^† Institute of Physics and Department of Physics, Hunan Normal University, Changsha, Hunan 410081, P. R. China Key Laboratory of Low Dimensional Quantum Structures and Quantum Control (Hunan Normal University), Ministry of Education, P. R. China.

Abstract

We have studied the torsion cosmology model in Kaluza-Klein theory. We considered two simple models in which the torsion vectors are Aμ = (α, 0, 0, 0) and Aμ = a(t)^2(0, β, β, β), respectively. For the first model, the accelerating expansion of the Universe can be not explained without dark energy which is similar to that in the standard cosmology. But for the second model, we find that without dark energy the effect of torsion can give rise to the accelerating expansion of the universe and the alleviation of the well-known age problem of the three old objects for appropriated value of the model parameter β. These outstanding features of the second torsion cosmology model have been supported by the Type Ia supernovae (SNIa) data. PACS numbers: 98.80.Cq, 98.65.Dx

∗Electronic address: csb3752@163.com †Electronic address: jljing@hunnu.edu.cn

I. INTRODUCTION

Many observations [1, 2, 3] has been strongly confirmed that the expansion of our present Universe is accelerating rather than slowing down. This late time cosmic acceleration can not be explained by the four known fundamental interactions in the standard models, which is the greatest challenge today in the modern physics. Within the framework of Einstein’s general relativity, an exotic component with negative pressure called dark energy is invoked to explain this observed phenomena. The simple candidate of dark energy which is consistent with current observations is the cosmological constant [4], which is a term that can be added to Einstein’s equations. This term acts like a perfect fluid with an equation of state ω = −1, and the energy density is associated with quantum vacuum. However, it is very difficult to understand in the modern field theory since the vacuum energy density is far below the value predicted by any sensible quantum field theory. Moreover, it has also been plagued by the so-called coincidence problem. Thus, a lot of the dynamical scalar fields, such as quintessence [5], k-essence [6], phantom [7] and quintom field [8, 9], have been put forth as an alternative of dark energy. However, so far, the nature of dark energy is still unclear.

On the other hand, it is argued that in Einstein theories gravity is not well understood and an important ingredient is missing which may account for such observed phenomena. One of such an ingredient is the torsion which is vanished in Einstein theories. It is widely believed that the presence of torsion will change the character of the gravitational interaction because that in this case the gravitational field is described not only by spacetime metric, but also by the torsion field. Recently, a lot of investigations have indicated that the torsion plays the important role in the modern physics [10]. Cosmological models with torsion were pioneered by Kopczyński [11] in the last century. Thereafter, the bouncing cosmological model with torsion has been proposed by Kerlick [12] in which the torsion was imagined as playing role only at high densities in the early universe. The effects of torsion field on the inflation in cosmology has been investigated in [13, 14]. Recently some authors have begun to study torsion as a possible reason of the accelerating universe [15]. The study of dynamics and the statefinder diagnostic in torsion cosmology have been studied in [16, 17].

Recently, the cosmology in Kaluza-Klein theory [18, 19, 20] has attracted a considerable attention [21, 22, 23, 24, 25, 26, 27, 28, 29]. The Kaluza-Klein theory was introduced first by Kaluza [18] to unify Maxwell’s theory of electromagnetic and Einstein’s gravity theory by adding the fifth dimension. In 1926, Klein [19, 20] proposed that the fifth dimension is compactified by being curled up in a circle of very small radius, so that the extra dimension is not observable except on very high energy scales. Due to its potential function to unify the fundamental interactions, Kaluza-Klein theory has been regarded as a candidate of fundamental theory. Moreover, the fantastic idea of extra dimensions promotes various higher dimensional theories, including the well-known string theory [30]. Thus Kaluza-Klein theory has been revived in recent years in the modern physics, such as in supergravity [31] and superstring theories [32]. Many of the papers currently published in the context of Kaluza-Klein theory deal with cosmology. Cho [25, 26] has studied the 4+1 dimensional Kaluza- Klein cosmology and find that it can solve some of the problems in the standard big bang model (including the horizon problem and the flatness problem ) in a very natural way. Wesson et al [27] have investigated the cosmological constant problem in Kaluza-Klein cosmology. Li [28] has considered the inflation in Kaluza-Klein theory and obtain a relation between the fine-structure constant and the cosmological constant. Some authors argued that Kaluza-Klein theory can be effective in accounting for the dark constituent of the universe [29]. In Ref. [33], Shankar et al incorporates the torsion into the five dimensional Kaluza-Klein theory [18, 19, 20] and find that there exists some non-vacuum solutions. Moreover, they discuss furtherly the implications of Kaluza-Klein theory with torsion fields in cosmology and obtain that the presence of torsion fields changes the dynamical equations for a flat Friedmann-Robertson-Walker spacetime. This means that the torsion fields will play the important roles in the evolution of the Universe. The motivation of this paper is to study concretely the properties of the torsion cosmology in the Kakluza-Klein theory and then perform the constraints on this cosmology model by using the Type Ia supernovae (SNIa) data.

The remainder of this paper is organized as follows: in the next section we review briefly the torsion cosmology in Kaluza-Klein theory. And then we study the cosmic expansion history and check the age problem of the high redshift objects for the models. In Sec.III, we perform the constraints on this cosmology model by using the SNIa data and present our results. Finally in the last section we will include our conclusions.

II. THE TORSION COSMOLOGY IN KALUZA-KLEIN THEORY

In this section, we first review briefly the torsion cosmology in Kaluza-Klein theory which proposed by Shankar et al [33], where the torsion tensor S^c_{ab} is defined as the antisymmetric part of connection in a coordinate basis

S^i_{jk} = Γ^i_{jk} − Γ^i_{kj} , (1) where Γ^i_{jk} is the affine connection with torsion and has a form

Γ^i_{jk} = Γ̂^i_{jk} + K^i_{jk} . (2)

The Γ̂^i_{jk} is the usual Christoffel symbol and the K^i_{kj} is the well-known contorsion tensor

K^i_{jk} = 1 2 [S^i_{kj} + S^i_{k j} + S^i_{j k}]. (3)

Using some constraints and conditions, Shankar et al [33] found the five dimensional Einstein equations in the Kaluza-Klein theory

G_{ij} = R̃_{ij} + 1 2 g_{ij}R̃ = T̃_{ij} , (4)

can be split into

R_{μν} − 1 2 g_{μν} R − 1 2 A_μA_ν Φ^2R = T_{μν} , − 1 2 A_μΦ^2R = T_{μ5}, − 1 2 Φ^2R = T_{55}. (5)

Here g_{ij} , R̃_{ij} and T̃_{ij} are the five dimensional metric, Ricci curvature tensor and the energy-momentum tensor in Kaluza-Klein theory respectively. The g_{μν} , R_{μν} and T_{μν} are corresponding tensors in the four dimensional hypersurface. A_μ and Φ are vector and scalar torsion fields. For the vacuum solution with T̃_{ij} = 0 in 5D spacetime, one can obtain from Eq. (5) that the Ricci scalar R = 0 and R_{μν} = 0, which means that the 4D metric g_{μν} obtained from vacuum solutions in 5D spacetime are identical to the vacuum solutions in the torsion free 4D spacetime [33]. The converse is also true. Therefore, for the vacuum solutions, we can not distinguish the 4D spacetime from the 4D hypersurface within the 5D spacetime with torsion [33]. In other word, the effects of torsion can not be detected in this case. However, for the non-vacuum solution, one can construct new 4D metric g_{μν} which do not exist in torsion free 4D spacetime [33]. Comparing with the solutions in Einstein’s theory, we can acquire some information about torsion.

In order to develop our cosmological considerations, let us take into account a flat Friedmann-Robertson- Walker metric of the type

ds^2 = −dt^2 + a(t)^2(dr^2 + r^2dθ^2 + r^2 sin(θ)^2dϕ^2). (6)

Inserting the metric (6) into Eq.(5), we find that due to the presence of the torsion field A_μ and Φ the Friedmann equation needs to make some modifications. Thus comparing the case without torsion, we find that the evolution of the Universe will present the different properties. In general, the torsion scalar Φ and vector fields A_μ vary with the time t. The dynamical torsion scalar fields in cosmology have been studied extensively in other theories [15, 16, 17]. For simplicity, in this paper we adopt Φ^2 = 1 and consider the two simplest models [33] A_μ = (α, 0, 0, 0) and A_μ = a(t)(0, β, β, β) and then study their cosmic expansion histories, where α and β are constants. These torsion fields ansatze yield that the modified Friedmann equation possesses a more simple form, which is very convenient for us to study the dynamical properties of the model in the following calculations. In order to probe of the properties of the torsion cosmology in Kaluza-Klein theory, here we assume that the Universe contains only the dark matter.

Let us now consider the first model A_μ = (α, 0, 0, 0) and Φ^2 = 1. Combining Eqs.(6) and (5), we find that the modified Friedmann equation and Raychaudhuri field equationcan be expressed simply as [33] H^2 = 2 3(2 − α^2) ρ, (7) and Ḣ = − 1

2 − α^2 ρ, (8) respectively, where ρ is the energy density of the fluid. The conservation law of the total energy reads ρ̇ + 3Hρ = 0, (9) For the dark matter ω = 0, the Eq. (9) are independent of the constant α, which are consistent with those in the standard Einstein cosmology. The factor 2/(2 − α^2) in Eqs. (7) and (8) is equivalent to the constant of gravity. The deceleration parameter q ≡ − äa ȧ^2 = − Ḣ + H 2 H^2 = 1 2 . (10) This means that in the first model the expansion is not accelerating if the Universe contains only the dark matter. Thus, in order to explain the accelerating expansion, we must introduce to the exotic components as in the Einstein cosmology, such as dark energy. Therefore, in the following section we do not consider further the first model.

For the second model A_μ = a(t)(0, β, β, β) and Φ^2 = 1 [33], repeating the operations above, we obtain that the Friedmann equation, Raychaudhuri field equation and the conservation law of the total energy can be expressed as [33] H^2 = 1 3 ρ, Ḣ = − 1 − 2β^2 2 − 3β^2 ρ, (11) ρ̇ + 3H [ 2 − 4β^2 2 − 3β^2 ] ρ = 0. (12)

In this case, the Friedmann equation is the same as in the torsion free Einstein cosmology. But both the Raychaudhuri field and the continue equations depend on the torsion parameter β, which is different from that in the model we discuss previously. The deceleration parameter is

q ≡ − äa ȧ^2 = − Ḣ + H 2 H^2 = 1 − 3β^2 2 − 3β^2

. (13)

Obviously, q is a constant which is determined only by the torsion parameter β. When β^2 lies in the region (^1_3 ,^2_3 ), we find that q < 0. This means that the expansion of the Universe can be accelerated without dark energy, which is different from that in the Einstein cosmology.

Let us now to examine the second model with some old high redshift objects including two old galaxies LBDS 53W 091 (z = 1.55, t = 3.5Gyr) [34], LBDS 53W069 (z = 1.43, t = 4.0Gyr) [35] and the old quasar APM 08279+5255 (z = 3.91, t = 2.1Gyr) [36]. The absolute ages of these oldest galactic globular clusters and quasars provide a fundamental constraint on cosmological models because that the universe cannot be younger than its constituents at any redshift. The age of the Universe is

t = 1 H_0

∫_{− ln (1+z)} −∞ dx h , (14)

where x = ln a and h = H/H_0. From the observations of the Hubble Space Telescope Key project, the present

FIG. 1: The change of the age of Universe with the redshift z for different values of β. The solid line, dotted, dashed and dotdashed denote the cases β = 0.61, 0.62, 0.63 and 0.64, respectively. The large points denote the ages of the three old objects LBDS 53W 091 (z = 1.55, t = 3.5Gyr), LBDS 53W069 (z = 1.43, t = 4.0Gyr) and APM 08279+5255 (z = 3.91, t = 2.1Gyr). Here we set h0 = 0.72.

Hubble parameter is constrained to be H^{−1}_0 = 9.776 h^{−1}_0 Gyr, where 0.64 < h_0 < 0.80. With Hubble parameter h_0 = 0.72 and fractional matter density Ω_{m0} = 0.27, the ΛCDM model would give an age t = 1.6Gyr at z = 3.91, which is smaller than the ages 2.1Gyr inferred from old quasar APM 08279+5255. This is so-called “high-z cosmic age problem” [37]. Recently, it has attracted a lot of attention [37, 38, 39, 40, 41, 42, 43, 44, 45] and various DE models are examined against these old galaxies and quasars. So far, there is no DE model that can pass the examine, and most of these models perform even poorer than ΛCDM model in solving this problem. Some authors argued that the age problem can be alleviated if one consider the interaction between dark energy and dark matter [45, 46]. However, most of the interacted forms are phenomenological because the natures of dark energy and dark matter are still unclear at present. In this paper, we will examine the second model by these old high redshift galaxies and quasars. We set h_0 = 0.72 and draw the curves of age of the universe. From Fig.(1) we find that that for the chosen values of β the age problem can be solved in this case. These results imply that the effects of the torsion could help us to understand more about our present Universe.

III. OBSERVATIONAL CONSTRAINT

We are now in position to use the observational data to fit the seond models in the torsion cosmology in the Klauza-Klein theory. Both the torsion parameters α and β are determined by minimizing χ^2 = χ^2_{SN} . For the Type Ia SNe data, we use the latest 307 Union SNIa data [47] and define

χ^2_{SN} (θ) =

307∑ i=1 [μ_{obs}(z_i) − μ(z_i)]^2 σ^2_i

, (15)

where μ_{obs}(z_i) and σ_i are the observed value and the total error for the supernova dataset, respectively. θ is the parameter in the model. μ(z) is the theoretical distance modulus which is given by

μ(z) = 5 log_{10} D(z) + μ_0, (16)

where μ_0 is a nuisance parameter. The luminosity of distance D(z) is

D(z) = 1 + z H_0 ∫_z 0 dz^′ E(z^′; θ) , (17)

and E(z; θ) is

E(z; θ) = H(z; θ) H_0

. (18)

As in [48], expanding the χ^2_{SN} of Eq. (15) with respect to μ_0, we have

χ^2_{SN} (θ) = A(θ) − 2μ_0B(θ) + μ^2_0C, (19) where A(θ) = 307∑ i=1 [μ_{obs}(z_i) − μ(z_i, μ_0 = 0)]^2 σ^2_i ,

B(θ) = 307∑ i=1 μ_{obs}(z_i) − μ(z_i, μ_0 = 0) σ^2_i ,

C = 307∑ i=1 1 σ^2_i

. (20)

It is easy to see that when μ_0 = B(θ)/C the formula (19) has a minimum

χ̃^2_{SN} (θ) = A(θ) −

B(θ)^2 C . (21)

This means that χ^2_{SN,min}(θ) = χ̃^2_{SN,min}(θ). Since χ̃^2_{SN,min}(θ) is independent of μ_0, we will minimize χ̃^2_{SN,min}(θ) rather than χ^2_{SN} (θ) in the our analysis.

FIG. 2: The β-Δχ^2 plane for the second model by using the SNIa data. Here Δχ^2 = χ^2 − χ^2_{min} and χ^2_{min} = 318.84. The dashed line and dash-dotted line in the right figure denote Δχ^2 = 1 and Δχ^2 = 4, corresponding to 68.3% and 95.4% C.L., respectively.

Now we present the numerical results of fitting the torsion cosmology in Kaluza-Klein theory to the Type Ia SNe data. For the second model A_μ = a(t)(0, β, β, β) and Φ^2 = 1, we obtain that χ^2_{min} = 318.84 and best-fit value of β = 0.64689^{+0.00577}_{−0.00694} in the range of 1σ, which ensures that the deceleration parameter q < 0 and our present Universe is accelerating. Moreover, we define the quantity Δχ^2 = χ^2 − χ^2_{min} and then plot the β-Δχ^2 plane in Fig. (2), which supports the best-fit value of β we obtained above. In the range of 2σ, we find the model parameter β is β ∈ (0.63232, 0.65864). Comparing with the chosen value of β in Fig.(1), we find that the age problem of three old objects can be solved in the torsion cosmology in the Kaluza-Klein theory. This implies that the second model here we considered is able to accommodate both the ages of the high redshift objects and the SNIa measurements. However, it seems impossible for the usual dark energy models. For example, although the ΛCDM model is favored by the observational data, as our discussion previously it is not free from the age problem of the oldest quasar APM 08279+5255. The similar results are obtained in other dark energy models. From these discussion, it is easy to conclude that Kaluza-Klein type theories with torsion within proper constraints will play an important role in cosmology.

IV. SUMMARY

In this paper we have studied the torsion cosmology model in the Kaluza-Klein theory. We considered two simple models in which the torsion vectors are A_μ = (α, 0, 0, 0) and A_μ = a(t)^2(0, β, β, β), respectively. For the first model, the accelerating expansion of the Universe can be not explained without dark energy which is similar to that in the standard cosmology. However, for the second model, we find that the expansion of the universe can be accelerated without dark energy and it is free of the age problem of the three old objects for appropriated value of the model parameter β, which is different from that in the Einstein cosmology. The constraints on the second torsion cosmology models in Kaluza-Klein theory have been studied by the analysis of SNIa data. The best-fit value of the parameter in the model is β = 0.6468. It is worth noting that in the 2σ uncertainty the second model is able to accommodate both the ages of the high redshift objects and the SNIa measurements. These means that modified gravity theories obtained by Kaluza-Klein theories with torsion will play an important role in cosmological models.

Acknowledgments

We thank the referee for his/her quite useful and helpful comments and suggestions, which help deepen our understanding of the torsion cosmology in Kaluza-Klein theory. This work was partially supported by the National Natural Science Foundation of China under Grant No.10875041 and the construct program of key disciplines in Hunan Province. J. L. Jing’s work was partially supported by the National Natural Science Foundation of China under Grant No.10675045 and No.10875040; and the Hunan Provincial Natural Science Foundation of China under Grant No.08JJ3010.

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

P. de Bernardis et al, Nature 404, 955 (2000);

S. Perlmutter et al, Astrophys. J. 517, 565 (1999) [arXiv:astro-ph/9812133]; Astrophys. J. 598, 102 (2003).

[2] D. N. Spergel et al, Astrophys. J. Suppl. 170, 377 (2007)[arXiv:astro-ph/0603449];

E. Komatsu et al, Astrophys. J. Suppl. 180, 330 (2009) [arXiv:0803.0547 [astro-ph]]. [3] M. Tegmark et al, Phys. Rev. D 69, 103501 (2004) [arXiv:astro-ph/0310723];

J. K. Adelman-McCarthy et al, Astrophys. J. Suppl. 175, 297 (2008) [arXiv:0707.3413 [astro-ph]]. [4] S. Weinberg, Rev. Mod. Phys. 61, 1 (1989);

V. Sahni and A. Starobinsky, Int. J. Mod. Phy. D 9, 373 (2000); P. J. E. Peebles and B. Ratra, Rev. Mod. Phys. 75, 559 (2003); T. Padmanabhan, Phys. Rept. 380, 235 (2003);

E. J. Copel and M. Sami and S. Tsujikawa, Int. J. Mod. Phys. D 15, 1753 (2006). [5] B. Ratra and P. J. E. Peebles, Phys. Rev. D 37, 3406 (1988);

P. J. E. Peebles and B. Ratra, Astrophys. J. 325, L17 (1988); C. Wetterich, Nucl. Phys. B 302, 668 (1988);

R. R. Caldwell, R. Dave and P. J. Steinhardt, Phys. Rev. Lett. 80, 1582 (1998) ; I. Zlatev, L. Wang and P. J. Steinhardt, Phys. Rev. Lett. 82, 896 (1999); M. Doran and J. Jaeckel, Phys. Rev. D. 66, 043519 (2002).

[6] C. A. Picon, T. Damour and V. Mukhanov, Phys. Lett. B 458, 209 (1999);

T. Chiba, T. Okabe and M. Yamaguchi, Phys. Rev. D 62, 023511 (2000). [7] R. R. Caldwell, Phys. Lett. B 545, 23 (2002);

B. McInnes, J. High Energy Phys. 0208, 029 (2002); S. Nojiri and S. D. Odintsov, Phys. Lett. B 562, 147 (2003); L. P. Chimento and R. Lazkoz, Phys. Rev. Lett. 91, 211301 (2003);

B. Boisseau, G. Esposito-Farese, D. Polarski, Alexei A. Starobinsky,Phys. Rev. Lett. 85, 2236 (2000); R. Gannouji, D. Polarski, A. Ranquet, A. A. Starobinsky, JCAP 0609, 016 (2006), [astro-ph/0606287].

[8] B. Feng, X. L. Wang and X. M. Zhang, Phys. Lett. B 607, 35 (2005) [arXiv:astro-ph/0404224];

Z. K. Guo, Y. S. Piao, X. M. Zhang and Y. Z. Zhang, Phys. Lett. B 608, 177 (2005) [arXiv:astro-ph/0410654]; [9] Y. F. Cai, M. Z. Li, J. X. Lu, Y. S. Piao, T. T. Qiu and X. M. Zhang, Phys. Lett. B 651, 1 (2007) [arXiv:hep-th/0701016];

Y. F. Cai, H. Li, Y. S. Piao and X. M. Zhang, Phys. Lett. B 646, 141 (2007) [arXiv:gr-qc/0609039]; W. Zhao and Y. Zhang, Phys. Rev. D 73, 123509 (2006) [arXiv:astro-ph/0604460]; S. G. Shi, Y. S. Piao and C. F. Qiao, arXiv: 0812.4022 [astro-ph];

H. Mohseni Sadjadi and M. Alimohammadi, Phys. Rev. D 74, 043506 (2006) [arXiv:gr-qc/0605143]; M. R. Setare and E. N. Saridakis, arXiv:0807.3807 [hep-th];

M. R. Setare and E. N. Saridakis, JCAP 0809, 026 (2008) [arXiv:0809.0114 [hep-th]]; E. Elizalde, S. Nojiri and S. D. Odintsov, Phys. Rev. D 70, 043539 (2004) [arXiv: hep-th/0405034].

[10] F. W. Hehl, P. von der Heyde, G. D. Kerlik, and J. M. Nester, Rev. Mod. Phys. 48, 393 (1976);

I. L. Shapiro, Phys. Rep. 357, 113 (2002);

K. Hayashi and T. Shirafuji, Prog. Theor. Phys. 64, 866 (1980);

F. W. Hehl, J. D. McCrea, E. W. Mielke and Y. Neeman, Phys. Rept. 258, 1C171 (1995); E. W. Mielke, Geometrodynamics of Gauge Fields (Akademie-Verlag, Berlin, 1987). H. Goenner and F. Müller-Hoissen, Class. Quant. Grav. 1, 651 (1984);

G. de Berredo-Peixoto and E. A. de Freitas, arXiv: 0902.4025. A. V. Minkevich, arXiv: 0811.1430;

C. G. Boehmer and L. Fabbri, Mod. Phys. Lett. A 22 2727 (2007). [11] W. Kopczyński, Phys. Lett. A 39, 219 (1972); Phys. Lett. A 43, 63 (1973). [12] G. D. Kerlick, Ann. Phys. 99, 127 (1976). [13] C. G. Boehmer, Acta Phys. Polon. B 36, 2841 (2005) [14] L. C. G. de Andrade, arXiv: gr-qc/0201071; hep-th/0201082.

[15] S. Capozziello, S. Carloni and A. Troisi, Recent Res. Dev. Astron. Astrophys. 1, 625 (2003);

C. G. Boehmer, J. Burnett, Phys. Rev. D 78, 104001 (2008); E. W. Mielke and E. SanchezRomero, Phys. Rev. D 73, 043521 (2006); A. V. Minkevich, A. S. Garkin and V. I. Kudin, Class. Quant. Grav. 24, 5835 (2007); A. V. Minkevich, arXiv: 0902.2860;

K. F. Shie, J. M. Nester and H. J. Yo, Phys. Rev. D 78, 023522 (2008); H. J. Yo and J. M. Nester, Mod. Phys. Lett. A 22, 2057 (2007). J. G. Hao and X. Z. Li, Phys. Rev. D 70, 043529 (2004).

[16] X. Z. Li, C. B. Sun, P. Xi, arXiv:0903.4724 [17] X. Z. Li, C. B. Sun, P. Xi, Phys. Rev. D 79, 027301 (2009), arXiv:0903.3088 [18] T. Kaluza, Sitz. Preuss. Akad. Wiss. Leipzig, 966 (1921); [19] O. Klein, Zeits. Phys. 37, 895 (1926).

[20] J. M. Overduin and P. S. Wesson, Phys. Rept. 283, 303 (1997). [21] A. Davidson, J. Sonnenschein and A.H. Vozmediano, Phys. Rev. D 32, 1330 (1985). [22] J. Ponce de Leon, J. High. Energy. Phys. 0903, 052 (2009). [23] J. Aguilar and M. Bellini, Phys. Lett. B 596, 116 (2004). [24] K. Behrndt and S. Foerste, Nucl. Phys. B 430, 441 (1994). [25] Y. M. Cho, Phys. Rev. D 41, 2462 (1990). [26] Y. M. Cho, Phys. Rev. Lett. 21, 3133 (1992).

[27] P. S. Wesson and H. Y. Liu, Int. J. Mod. Phys. D 10, 905 (2001). [28] L. Li and J. R. Gott, Phys. Rev. D 58, 103513 (1998). [29] L. Qiang, Y. Ma, M. Han and D. Yu, Phys. Rev. D 71, 061501 (2005). [30] J. Polchinski, String Theory I, II, (Cambridge University Press, 1998). [31] M. J. Duff, B. E. W. Nilsson and C. N. Pope, Phys. Rep. 130, 1 (1986). [32] M. B. Green, J. H. Schwarz and E. Witten, Superstring Theory (CUP, Cambridge, 1987). [33] K. H. Shankar and K. C. Wali, arXiv:0904.4038. [34] J. Dunlop et al, Nature 381, 581 (1996). [35] H. Spinrad et al, Astrophys. J 484, 581 (1999).

[36] D. Jain and A. Dev, Phys. Lett. B 633, 436 (2006) [astro-ph/0509212].

[37] A. C. S. Friaca, J. S. Alcaniz, and J. A. S. Lima, Mon. Not. Roy. Astron. Soc. 362, 1295 (2005). [38] D. Jain and A. Dev, Phys. Lett. B 633, 436 (2006). [39] J. S. Alcaniz, D. Jain and A. Dev, Phys. Rev. D 67, 043514 (2003). [40] J. V. Cunha and R.C. Santos, Int. J. Mod. Phys. D 13, 1321 (2004).

[41] N. Pires, Z. H. Zhu and J.S. Alcaniz, Phys. Rev. D 73, 123530 (2006).

[42] M. S. Movahed, M. Farhang and S. Rahvar, Int. J. Theor. Phys. 48, 1203 (2009); M. S. Movahed and S. Ghassemi, Phys. Rev. D 76, 084037 (2007).

[43] S. Rahvar and M. S. Movahed, Phys. Rev. D 75, 023512 (2007).

[44] H. Wei and S. N. Zhang, Phys. Rev. D 76, 063003 (2007); Y. Zhang, H. Li, X. Wu, H. Wei, and R. G. Cai, arXiv:

0708.1214.

[45] S. Wang and Y. Zhang, arXiv: 0809.3627.

[46] B. Wang, J. Zang, C. Lin, E. Abdalla and S. Micheletti, arXiv: astro-ph/0607126. [47] M. Kowalski et al, Astrophys. J. 686, 749 (2008) [arXiv:0804.4142 [astro-ph]]. [48] S. Nesseris and L. Perivolaropoulos, Phys. Rev. D 72, 123519 (2005) [arXiv:astro-ph/0511040];

L. Perivolaropoulos, Phys. Rev. D 71, 063503 (2005) [arXiv:astro-ph/0412308]; S. Nesseris and L. Perivolaropoulos, JCAP 0702, 025 (2007) [arXiv:astro-ph/0612653]; E. D. Pietro and J. F. Claeskens, Mon. Not. Roy. Astron. Soc. 341, 1299 (2003) [arXiv:astro-ph/0207332].