arXiv:1306.1637v1 [astro-ph.CO] 7 Jun 2013

Reconstruction of f(T ) and f(R) gravity according to (m, n)-type holographic dark energy

M. Umar Farooq,^{1, ∗} Mubasher Jamil,^{2, †} Davood Momeni,^{3, ‡} and Ratbay Myrzakulov^{3, §} 1Department of Basic Sciences and Humanities, NUST College of Electrical and Mechanical Engineering, Peshawar Road, Rawalpindi, Pakistan 2Center for Advanced Mathematics and Physics (CAMP), National University of Sciences and Technology (NUST), H-12, Islamabad, Pakistan 3Eurasian International Center for Theoretical Physics, Eurasian National University, Astana 010008, Kazakhstan

Abstract: Motivated by earlier works on reconstruction of modified gravity models with dark energy components, we extend them by considering a newly proposed model of (m, n)- type of holographic dark energy for two models of modified gravity, f(R) and f(T ) theories, where R and T represent Ricci scalar and torsion scalar respectively. Specifically we reconstruct the two later gravity models and discuss their viability and cosmography. The obtained gravity models are ghost free , comapatible with local solar system tests and describe effective positive gravitational constant.

∗Electronic address: m˙ufarooq@yahoo.com †Electronic address: mjamil@camp.nust.edu.pk ‡Electronic address: d.momeni@yahoo.com §Electronic address: rmyrzakulov@gmail.com

I. INTRODUCTION

From observational data and different types of cosmological evidences we know that our universe is in acceleration expansion era due to an unknown reason [1]. Different kinds of theories have been introduced to emplain and clarify this accelerated behavior of the universe. In the frame of classical theory of gravity based on Einstein equations, we label this acceleration to the dark energy with an unknown essence with a simple candidate as cosmological constant or vacuum energy of quantum fields spread in the whole space time [3], with two siginificant features as fine-tuning of different orders of vacuum energy and cosmic coincidence (for a review see [2]).

Inspired from string theory , holographic dark energy (HDE) scenario has been constructed to explain problems of cosmological constant and others [3]. In this scenario we supposed that the total energy of all matter fields in a system with physical size L must be less than the total energy of a black hole with the same Schwarzschild radius, namely

L^3ρ_V ≤ LM^2_p , (1)

here ρ_V denotes the holographic dark energy density as a function of the UV cut-off, L as prefered IR cut-off and M_p Planck mass. By saturating the above inequality (1.1) by choosing the largest length L one identifies the holographic dark energy:

ρ_V = 3c^2M^2_p L^{−2}, (2)

where c is some constant^1.

Since the model of holographic dark energy model emerges from one of the fundamental principles of physics, it has been extremely successful in explaining numerous cosmological puzzles and has been a leading candidate of cosmic acceleration problem. Specifically it can resolve the coincidence problem [4] and phantom crossing [5]. Besides the model has reasonable agreement with the astrophysical data of CMB, SNe Ia and galaxy redshift surveys [9]. On these accounts, the HDE paradigm has been extended via different cut-offs [7] and entropy corrections [8]. A recent extension of this idea is (m, n)-type holographic dark energy [14], where m and n are the parameters associated with the chosen IR cut-off at a phenomenological level (explicitly written in later sections). It is a generalization of the old models of HDE and agegraphic dark energy. Reconstruction of modified gravity theories according to HDE has been discussed in literature before. Independently Setare and Wu & Zu [10] studied correspondence of HDE and f(R) gravity.

1 Here c is not speed of light

Recently it has been investigated the relations between HDE and f(T ) gravity [11] . In this article, we investigate the correspondence of (m, n)-type HDE in first modification of Eintein gravity in f(R) and secondly in a recently proposed Weitzenbock model based on scalar torsion f(T ) gravity . The plan of this paper is as follows: In Sec-II, we study correspondence of (m, n)-type HDE in f(T ) gravity. In Sec-III, we obtain the reconstructed form of f(T ) under the assumption of power-law acceleration. In Sec-IV, we discuss the cosmography for the f(T ) model. In Sec-V, we study correspondence of (m, n)-type HDE in f(R) gravity and discuss its viability in Sec-VI. We briefly discuss conclusions in Sec-VII. We adopt the natural gravitational units c = 8πG = 1.

II. f(T ) GRAVITY ACCORDING TO THE (M,N)-TYPE HOLOGRAPHIC DARK ENERGY

In this section we summarrize basics of generalized teleparallel gravity (GTEGR) of namely f(T ) in which we extend the TEGR Lagrangian T (which is dynamically equivalent to GR) to a generic function f(T ) = T + g(T ) as we did for the generalization of GR to the modified f(R) gravity. One form of the action of f(T ) gravity coupled minimally to matter L_m is given by [12] S = 1 2 ∫ d^4xe[T + g(T ) + L_m], (3)

where e = det(e^i_μ) = √ −g and L_m is the matter fields Lagrangian density. The TEGR Lagrangian L_{T EGR} = T ,is just the torsion scalar and can be wriiten explicitly as the following:

T = S^{μν}_ρ T^ρ_{μν} , (4)

where T^ρ_{μν} = e^ρ_i (∂_μe^i_ν − ∂_ν e^i_μ, S^{μν}_ρ = 1 2 (K^{μν}_ρ + δ^μ_ρ T^{θν}_θ , −δ^ν_ρ T^{θμ}_θ ), (5)

where K^{μν}_ρ is the contorsion tensor K^{μν}_ρ = − 1 2 (T^{μν}_ρ − T^{νμ}_ρ − T^{μν}_ρ ). (6)

Here dynamical variable is vierbein tetrads e^i_μ, consequently the field equations are derived by δS δe^i_μ = 0:

e^{−1}∂_μ(eS^{μν}_i )(1 + g_T ) − e^λ_i T^ρ_{μλ}S^{νμ}_ρ g_T + S^{μν}_i ∂_μ(T )g_{T T} − 1 4 e^ν_i (1 + g(T )) = 1 2 e^ρ_i τ^ν_ρ , (7) where g_T =^{dg}_{dT} , g_{T T} =^{d2g}_{dT 2} , τ_{ρν} is the stress tensor. Different aspects of this torsion theory have been investigate [13]. We consider cosmology of a spatially-flat k = 0 universe obeys the modified Friedmann-Robertson-Walker (FRW) equations from the metric as:

ds^2 = dt^2 − a(t)^2 3∑ i=1 (dx^i)^2, (8)

where a(t) stands for the scale factor and t is the cosmic time. Because of isotropicity and homogenious assumptions , we assume that the spacetime contains perfect fluid matter fields , so the field equations (2.5), we can write

T = −6H^2, 3H^2 = ρ − 1 2 g − 6H^2g_T , −3H^2 − 2Ḣ = p + 1 2 g + 2(3H^2 + Ḣ)g_T − 24ḢH^2g_{T T} , (9)

here ρ and p are the energy density and pressure of extra fields, H =^ȧ is the Hubble parameter.

We now propose the correspondence between the (m, n)− type holographic dark energy scenario and GTEGR f(T ) dark energy model. For (m, n) holographic dark energy density ρ_V we write:

ρ_V =

3b^2 L^2

, (10)

with b = constant and L = generalized IR cut-off is defined by [14] L = 1 a^m(t) ∫_t 0 a^n(t^′)dt^′, (11)

which, on using an appropriate transformation can be written as L = 1 a^m(t) ∫_t 0 a^{n−1} H da. (12) This model proposed in the level of a phenomenological model for dark enegy. It is straighforward to show that the model mimics a kind of generalized agegraphic dark energy models. But it is an essential difference between the agegraphic model of dark energy and this new proposed alternative. The naive difference backs to the choice of the appropriate cut-off of the model. The cut-off is a physically meaningfull and reachable scale of length. Here in this new proposed model as (m, n) type, we select”’ the conformal-like age as the holographic characteristic size”’. Another adventages of this model is that although the pair of the (m, n) are real arbitary constants, but for some reasonable values of (m, n) this extended model of holographic dark energy suddently passes the phantom cross line ω = 1 . The main motivation of this phantom cross line is that, in spite of the usual scalar models of phantom dark energy, here there is no need to introducing an interaction function phenomenologically between a two component mix fluids of the dark energy and matter. This model also is applicable to introduce a new generalized future event horizon as the characteristic size of the model and consequently a new cut-off. We indicate here that in this model the pair of (m, n) are arbitarary and at level of phenomenologicalthey high energy models, need not be integers. In general about these parameters we can say, for age-like holographic models,in the case of m = n it seems that dark energy has the same time evolution as the dominant ingredient in the early epoches of the universe, implying that dark energy might be unied with dark matter, analogous to what happened in cosmological models with generalized Chaplygin gas. Also we mention here that particle horizon as the holographic characteristic scale in thios model corresponds to m = n = 1. Further we want to specify the values of m as a special case. It is easy to show that for m > 0, then the HDE is equivalent to a phantom eld. When m = 0, then the holographic dark energy is just the cosmological constant. Also. the new agegraphic dark energy model corresponds to (n = 1, m = 0). Finally if 1 < m < 0, the HDE can drive the universe into an accelerating phase . Clearly we must fix this choice in favor of observational data . The pairs (m, n) = (0, 1) and (m, n) = (4, 3), are compatiable with observation data .

Using the definition of critical energy density ρ_{cr} = 3H^2, we can write the dimensionless dark energy parameter as

Ω_V = ρ_V ρ_{cr} = b^2 H^2L^2

. (13)

Apply the definition of Ω_V and ρ_{cr}, we can write L̇ = Ṙ_h = −mHL + a^{n−m}(t), (14)

L̇ = Ṙ_h = a^{n−m}(t) − mb√ Ω_V

. (15)

In dark energy dominanted era it evolves according to the conservation equation

ρ̇_V + 3H(ρ_V + p_V ) = 0. (16)

Differentiating (2.8) and using (2.13), we can write

ρ̇_V = − 2 L [ a^{n−m}(t) − mb √ Ω_V ] ρ_V . (17)

So with this, Eq. (2.14) becomes − 2 L [ a^{n−m} − mb √ Ω_V ] + 3H(1 + ω_V ) = 0, (18) and we can obtain

ω_V = 2 3 √ ω_V b a^{n−m}(t) − 2m + 3 3 (19)

Now equations (2.7) can be rewritten:

3H^2 = ρ + ρ_V , ρ_V = − 1 2 g − 6H^2g_T , (20)

− 3H^2 − 2Ḣ = p + p_V , p_V = 1 2 g + 2(3H^2 + Ḣ)g_T − 24ḢH^2g_{T T} . (21)

Combining above equations (2.18) and (2.19) we get

ρ_V + p_V = 2Ḣg_T − 24ḢH^2g_{T T} .. (22)

While on using p_V = ω_V ρ_V and the values of H and Ḣ we can find the general form of the g(T ) from the (22).

III. POWER LAW ACCELERATION

We assume that the accelerated expansion of the whole universe is governed by a power law scale factor, like

a(t) ∼ t^p, p > 1 (23)

Using this simple but physically reasonable assumption, we have the following quantities from (12),(13),(9),(10) L = t^{1+p(n−m)} pn + 1 , (24)

Ω_V = [b(pn + 1) p ]_2 t^{2p(m−n)}, (25) T = − 6p^2 t^2

, (26)

ρ_V = 3 [ b(pn + 1) ]_2[ − 6p^2 T ]_{−1+p(m−n)} . (27)

Substituting these expressions in (22) and by a change of the variable to the x = −T , we obtain g_{xx} + g_x 2x = − A 2 x^{−1−p(m−n)}, (28) which gives us the following elementary solution

g(T ) = A (1 − p(m − n))(2p(m − n) − 1) (−T )^{1−p(m−n)} + 2c_1 √ −T + c_2, (29) where A = −2 √ pρ^0_V [ − 2 + 2p(m − n) ] (6p^2)^{− 32 +p(m−n)}.

This GTEGR model is a natural extension of our former model of generalized teleparallel gravity [15]. If m = n, then this model coincides with [15]. From the cosmography [16] and using data of BAO, Supernovae Ia and WMAP, we notice that in this case with m = n which is equivalence to the extended particle horizon as cut-off, if we choose

A = Ω_{m0}, c_1 = √ 6H_0(Ω_{m0} − 1), c_2 = 0,

IV. COSMOGRAPHY

But for general model, proposed in (29) it is needed to check that the cosmography parameters. We need that

g(T_0) = 6H^2_0 (Ω_{m0} − 1), g^′(T_0) = 0, (30) 6H^2_0 (1 + g^{′′}(T_0)) = 1 2 − 3Ω_{m0} 4(1 + q_0)

(31)

It’s better we write the (29) in the following form

g(T ) = α(−T )^μ + 2c_1 √ −T + c_2, (32)

where α = A (1 − p(m − n))(2p(m − n) − 1) , μ = 1 − p(m − n). By substituting (32) in (31) we obtain α = −3 H_0^2 ( 24 H_0^2 + 24 H_0^2q_0 + 3 Ω_{m0} − 2 − 2 q_0 ) 6^μH_0^{2 μ}μ (2 μ q_0 + 2 μ − 1 − q_0)

(33)

c_1 = 1 2 H_0 ( 24 H_0^2 + 24 H_0^2q_0 + 3 Ω_{m0} − 2 − 2 q_0 ) √ 6 2 μ q_0 + 2 μ − 1 − q_0

(34)

c_2 = − Γ μ (2 μ q_0 + 2 μ − 1 − q_0)

, (35) where

Γ = 3 H_0^2(4 μ^2q_0 + 4 μ^2 − 2 μ − 2 μ q_0 − 4 Ω_{m0} μ^2q_0 (36) −4 Ω_{m0} μ^2 + 2 Ω_{m0} μ + 2 Ω_{m0} μ q_0 + 6 μ Ω_{m0} ) +3 H_0^2(48 μ H_0^2q_0 + 48 μ H_0^2 − 4 μ − 4 μ q_0 − 24 (−1)^μ H_0^2 −24 (−1)^μ H_0^2q_0 − 3 (−1)^μ Ω_{m0} + 2 (−1)^μ + 2 (−1)^μ q_0)

V. RECONSTRUCTION OF f(R) GRAVITY ACCORDING TO THE (M,N)-TYPE HOLOGRAPHIC DARK ENERGY

To reconstruction of FRW cosmology in f(R) (for general review, see [17] and [18]) we start by the following action: S = ∫ d^4x √ −g (f(R) 2 + L_m ) (37)

The first FRW equation is: − f 2 + 3(H^2 + Ḣ)f^′ − 18(4H^2Ḣ + HḦ)f^{′′} + ρ_V = 0 (38)

Again by assumning the power law expansion a(t) ∼ t^p, p > 1 as the previous f(T) reconstruction,using R = 6p(2p − 1) t^2

, (39) ρ_V = 3 [ b(pn + 1) ]_2

t^{2(−1+p(m−n))}. (40) So ρ_V = 3 [ b(pn + 1) ]_2( 6p(2p − 1) R )_{2(−1+p(m−n))} . (41)

Thus − f 2 + ( p − 1 2(2p − 1) ) Rf^′ − 1 1 − 2p R^2f^{′′} + 3 [ b(pn + 1) ]_2(6p(2p − 1) R )_{2(−1+p(m−n))} = 0. (42)

The solution for (42) reads

f (R) = C_1R^{14 (−p+3−}

√_{p2+26 p−7)} + C_2R^{14 (−p+3+}

√_{p2+26 p−7)} (43) − 72 (pn + 1)^2 (p − 1/2)^2 κ^2p 2 + 4 (m − n) (m − 1/4 − n) p^2 + (−1 − 5 m + 5 n) b^2p

R^{2+(−2 m+2 n)p}.

To recovering the usual HDE model with particle horizon we consider the case m = n = 1, we have

f (R) = C_1R^{14 (−p+3−}

√_{p2+26 p−7)} + C_2R^{14 (−p+3+}

√_{p2+26 p−7)} − 72 (p + 1)^2 b^2 ( p −^1_2

)_2 p 2 − p κ^2R^2 (44)

VI. VIABILITY CONDITIONS OF (M,N)-TYPE HOLOGRAPHIC DARK ENERGYf(R) THEORIES

Based on cosmological viable f(R) models tests in Ref. [19] the essential constraints and limitations [20] for action:

S_g = 1 16πG ∫ d^4x √ −gf(R) to be consistent with gravitational (Solar system tests) and cosmological (Large scale behaviors) are:

1. f^{′′}(R) ≥ 0 for R ≫ f^{′′}(R)[21] .

2. 1 + f^′(R) > 0 to avoiding of ghost [22].

3. f^′(R) < 0.

4. f^′(R) must be very small in recent cosmological dark energy dominant era[23]. To examine these conditions (1-4) for a general f(R) model described in (44) we observe that validity conditions (1-4) depends on the parameters m and n. For generality, we consider the only case m ≠ n.

1. f^{′′}(R) = R^{δ−−2} for R ≫ R_0. Thus this model is stable for ultra voiolent (UV) completion of GR with an effective gravitational constant G_{eff} ≡^G_{1+cRδ−−2} , δ_− > 1 . Obviously in the very early universe the curvature was very high when R >> R_0 =⇒ G_{eff} ≃ G, −1 < δ_− < 0.

2. To avoiding the guest problem in UV regime we must check R ≫ R_0,1 + f^′(R) > 0 . It means G_{eff} > 0 so theory is ghost free due to effects of modified gravity.

3.^{f(R)}_R |_{R→∞} → ∞ . Further f^′(R) → ∞. So the model recovers GR in the begining UV regime.

4. For our model in UV regime f^′(R) << 1, R. So this model confirms the local solar system tests. Also we estimate it numerically to find: |R^{δ−−2}| < 10^{−6} =⇒ |δ_−| < log(10^{−6}) log R

+ 2, R ≈ O(Λ) . So our f(R) model reconstructed from HDE is a ghost free and observationally viable according to viability conditions.

FIG. 1: Variation of the δ_± =^1_4 (−p + 3 ± √ p^2 + 26 p − 7) for p > 1. Note that δ_− > 1, δ_+ < −^1_2 . So at late time , i.e. at R >> R_0, the power δ_− is dominant.

VII. CONCLUSION

In this paper, we studied a correspondence between a newly proposed model of (m, n)− type HDE model with two modified theories of gravity namely f(R) and f(T ) gravity. This study generalizes some previous studies such as the papers cited in the abstracts. For our obtained f(T ) model, we calculated the cosmographic parameters while for the calculated f(R) model, we investigated the stability and viability conditions. It is shown that our model of f(R) recovers to general relativistic limit at early times, free from ghosts, and consistent with the solar system tests. So, we reconstructed a newly motivated model of holographic dark energy in the frame work of models of modified gravity, one in usual Riemannian form f(R) and another with Weitzenbock connections in the frame work of modified Einstein-Cartan theory.

Acknowledgments

The work of M. Jamil has been supported from the research grant provided by the Higher Education Commission, Islamabad, Pakistan.

[1] A. G. Riess, et al, Astron. J., 116 (1998) 1009; S. Perlmutter, et al, Astrophys. J., 517 (1999) 565; S.

Perlmutter, et al, Astrophys. J., 598 (2003) 102; P. de Bernardis, et al, Nature 404 (2000) 955. [2] E. J. Copeland, M. Sami and S. Tsujikawa, Int. J. Mod. Phys. D 15, 1753 (2006). [3] A. G. Cohen, d. B. Koplan, A. E. Nelson, Phys. Rev. Lett., 82 (1999) 4971; G. ’t Hooft, gr-qc/9310026 L. Susskind, J. Math. Phys., 36 (1995) 6377; S. D. H. Hsu, Phys. Lett. B, 594 (2004) 13; M. Li, Phys. Lett. B, 603 (2004) 1.

[4] D. Pavon, W. Zimdahl, Phys. Lett. B 628, 206 (2005); B. Hu, Y. Ling, Phys. Rev. D 73, 123510 (2006) [5] B. Wang, Y. Gong, E. Abdalla, Phys. Lett. B 624 (2005) 141; H. M. Sadjadi, M. Honardoost, Phys.

Lett. B 647, 231 (2007).

[6] J. Lu, E. N. Saridakis, M. R. Setare, L. Xu, JCAP 1003, 031 (2010); X. Zhang, F-Q Wu, Phys. Rev.

D 76, 023502 (2007); C. Feng, B. Wang, Y. Gong, R-K. Su, JCAP 0709, 005 (2007); M. R. Setare, M. Jamil, Gen. Relativ. Gravit. 43, 293 (2011); M. R. Setare, D. Momeni, Int. J. Theor. Phys,50,106 (2011), [arXiv: 1001.3767]; M. Jamil, S. Ali, D. Momeni, R. Myrzakulov, Eur. Phys. J. C 72,1998 (2012) ,[arXiv:1201.0895]. M. Jamil, E. N. Saridakis, M.R. Setare, Phys. Lett. B 679, 172 (2009); M. Jamil, D. Momeni, Muneer A. Rashid, Eur. Phys. J. C (2011) 71:1711 [arXiv:1107.1558].

[7] H. Wei, Nucl. Phys. B 819, 210 (2009); L. N. Granda, A. Oliveros, Phys. Lett. B 669, 275 (2008);S.

Nojiri, S. D. Odintsov, Gen. Rel. Grav. 38, 1285 (2006); B. Guberina, R. Horvat, H. Nikolic, Phys. Rev. D 72, 125011 (2005).

[8] A. Sheykhi, M. Jamil, Gen. Rel. Grav. 43, 2661 (2011); M.R. Setare, M. Jamil, Europhys. Lett. 92, 49003 (2010) [9] H. Wei and R. G. Cai, Phys. Lett. B 663, 1 (2008) [arXiv:0708.1894 [astro-ph]]; Z. -P. Huang and Y.

-L. Wu, arXiv:1202.3517 [astro-ph.CO].

[10] M.R. Setare, Int. J. Mod. Phys. D 17 (2008) 2219; X. Wu, Z-H. Zhu, Phys. Lett. B 660, 293 (2008). [11] M. H. Daouda, M. E. Rodrigues, M. J. S. Houndjo, Eur. Phys. J. C 72, 1893 (2012). [12] G. Bengochca and R. Ferraro, Phys. Rev. D 79 (2009) 124019,

E. V. Linder, Phys. Rev. D,81 (2010) 127301.

[13] A. Aslam, M. Jamil, D. Momeni and R. Myrzakulov, Can. J. Phys. 91, 93 (2013) [arXiv:1212.6022 [astro-ph.CO]]; M. Jamil, D. Momeni and R. Myrzakulov, Eur. Phys. J. C 72 (2012) 2267 [arXiv:1212.6017 [gr-qc]]; M. Jamil, D. Momeni and R. Myrzakulov, Gen. Rel. Grav. 45 (2013) 263 [arXiv:1211.3740 [physics.gen-ph]]; M. Jamil, D. Momeni and R. Myrzakulov, Eur. Phys. J. C 72

(2012) 2137 [arXiv:1210.0001 [physics.gen-ph]]; M. Jamil, D. Momeni and R. Myrzakulov, Eur. Phys. J. C 72 (2012) 2122 [arXiv:1209.1298 [gr-qc]]; M. Jamil, D. Momeni and R. Myrzakulov, Eur. Phys. J. C 72 (2012) 2075 [arXiv:1208.0025 [gr-qc]]; M. Jamil, K. Yesmakhanova, D. Momeni and R. Myrzakulov, Central Eur. J. Phys. 10 (2012) 1065 [arXiv:1207.2735 [gr-qc]]; M. J. S. Houndjo, D. Momeni and R. Myrzakulov, Int. J. Mod. Phys. D 21 (2012) 1250093 [arXiv:1206.3938 [physics.genph]]; M. Jamil, D. Momeni and R. Myrzakulov, Eur. Phys. J. C 72 (2012) 1959 [arXiv:1202.4926 [physics.gen-ph]]; M. R. Setare and N. Mohammadipour, JCAP 1301, 015 (2013) [arXiv:1301.4891 [gr-qc]]; M. R. Setare and N. Mohammadipour, JCAP 1211, 030 (2012) [arXiv:1211.1375 [gr-qc]]; M. E. Rodrigues, M. J. S. Houndjo, D. Momeni, R. Myrzakulov , arXiv:1302.4372 [physics.gen-ph]; M. J. S. Houndjo, D. Momeni, R. Myrzakulov and M. E. Rodrigues, arXiv:1304.1147 [physics.gen-ph].

[14] Yi Ling and Wen-Jian Pan, [arXiv: 1205.0209].

[15] M. Jamil, D. Momeni, R. Myrzakulov, Eur. Phys. J. C (2012) 72:1959 [ arXiv:1202.4926]; M. Jamil, K. Yesmakhanova, D. Momeni, R. Myrzakulov, Central European Journal of Physics(2012), DOI: 10.2478/s11534-012-0103-2 ,[arXiv:1207.2735].

[16] S. Capozziello, V.F. Cardone, H. Farajollahi, A. Ravanpak, Phys. Rev. D 84, 043527 (2011) [17] S. Nojiri, S.D. Odintsov, eConf C 0602061 (2006) 06; S. Nojiri, S.D. Odintsov, Int. J. Geom. Meth. Mod.

Phys. 4 (2007) 115, arXiv:hepth/ 0601213; S. Nojiri, S.D. Odintsov, arXiv:0807.0685; S. Capozziello, M. Francaviglia, Gen. Relativ. Gravit. 40 (2008) 357, arXiv: 0706.1146 [astro-ph]; T.P. Sotiriou, V. Faraoni, arXiv:0805.1726 [gr-qc]; F.S.N. Lobo, arXiv:0807.1640 [gr-qc].

[18] A. Azadi , D. Momeni , M. Nouri-Zonoz, Phys. Lett. B 670 (2008) 210; D. Momeni, , H. Gholizade, , Int. J. Mod. Phys. D 18(11), 1719 (2009); S.H. Hendi, D. Momeni, Eur. Phys. J. C (2011) 71:1823.

[19] S. Nojiri and S.D. Odintsov, Phys. Rev. D 68, 123512 (2003); S. Capozziello , S. Nojiri , S.D. Odintsov, A. Troisi, Phys. Lett. B 639, 135 (2006).

[20] L. Pogosian and A. Silvestri, Phys. Rev. D 77, 023503 (2008). [21] V. Faraoni, Phys. Rev. D 75, 067302 (2007). [22] A. Nunez and S. Solganik, [arXiv:hep-th/0403159]. [23] W. Hu and I. Sawicki, Phys. Rev. D 76, 064004 (2007).