arXiv:1103.5918v2 [gr-qc] 5 Apr 2011

Reconstruction of f-essence and fermionic Chaplygin gas models of dark energy

P.Tsyba, K.Yerzhanov, K.Esmakhanova, I.Kulnazarov, G.Nugmanova, R.Myrzakulov^∗ Eurasian International Center for Theoretical Physics, Dep. Gen. & Theor.

Phys., Eurasian National University, Astana 010008, Kazakhstan

Abstract

Recently, it was proposed a new fermionic model of dark energy, the so-called f-essence. In this work, we first present fermionic Chaplygin gas models of dark energy corresponding to the usual Einstein-Dirac theory. Then we explicitly reconstruct the different f-essence models. In particular, these models include the fermionic Chaplygin gas and the fermionic generalized Chaplygin gas models of dark energy. We also derive the equation of state parameter of the selected f-essence models.

Contents

1 Introduction 1

2 Some basics of f-essence 2

3 Reconstruction of f-essence. Example: K = F (Y )V (ψ̄, ψ) 3

4 Fermionic Chaplygin gas models of dark energy from the Einstein-Dirac equation 4 4.1 The fermionic Chaplygin gas model . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 4.2 The fermionic generalized Chaplygin gas model . . . . . . . . . . . . . . . . . . . . 5 4.3 The fermionic modified Chaplygin gas model . . . . . . . . . . . . . . . . . . . . . 6

5 Reconstruction of f-essence. Fermionic Chaplygin gas models of dark energy from f-essence 7 5.1 The fermionic Chaplygin gas model from f-essence . . . . . . . . . . . . . . . . . . 7 5.2 The fermionic generalized Chaplygin gas model from f-essence . . . . . . . . . . . . 7

6 Conclusion 8

1 Introduction

The late time accelerated expansion of the universe has attracted much attention in the recent years. Direct evidence of cosmic acceleration comes from high red-shift supernova experiments [1]-[2]. Some other observations, such as cosmic microwave background fluctations and large scale structure, provide an indirect evidence. These observations seem to chage the entire picture of

∗The corresponding author. Email: rmyrzakulov@csufresno.edu; rmyrzakulov@gmail.com

our matter filled universe. It is now believed that most part of the universe contains dark matter and dark energy. The extensions and/or modifications of general relativity seem attractive to explain late time acceleration and dark energy. Friedmann-Robertson-Walker (FRW) models, being spatially homogeneous and isotropic in nature, are best for the representation of the large scale structure of the present universe. Several theoretical models of dark energy were proposed. Among of dark energy models, interesting attempts are based on the k-essence, a scalar field with noncanonical kinetic terms which was first introduced as a model for inflation [3]-[5] (see also [6]- [7]). Later, several fermionic dark energy models were introduced [8]-[46]. Recently, new models of dark energy, the so-called f-essence and g-essence were proposed [47].

Note that the modern constraints on the equation of state (EoS) parameter ω of dark energy are around the cosmological constant value (ω = −1) and a possibility that ω is varied in time is not excluded. From the theoretical point of view there are several essentially different cases: ω < −1, (phantom matter), (1.1) ω = −1, (cosmological constant), (1.2) ω ∈ (−1, −1/3), (quintessence), (1.3) ω = 0, (dust), (1.4) ω = 1/3, (radiation), (1.5) ω ∈ (1/3, 1), (hard Universe), (1.6) ω = 1, (stiff matter), (1.7) ω > 1, (ekpyrotic matter). (1.8) It is also important to find a model which follows from the fundamental principles and describes a crossing of the ω = −1 barrier.

In this paper, we focuss our attention to explore the explicit models of f-essence. Using the reconstruction method (see e.g. [48]-[49]), we explicitly construct some particular reductions of f-essence in the FRW universe. For example, we find the fermionic Chaplygin gas and the fermionic generalized Chaplygin gas models of dark energy. The corresponding equation of state parameters are presented.

2 Some basics of f-essence

The action of f-essence reads as [47] S = ∫ d^4x √ −g[R + 2K(Y, ψ, ψ̄)], (2.1) where R denotes the scalar curvature (the Ricci scalar). Here L_f = 2K(Y, ψ, ψ̄) is the Lagrangian density of the fermionic field, where ψ = (ψ_1, ψ_2, ψ_3, ψ_4)^T is a fermionic function and ψ̄ = ψ^†γ^0 is its adjoint function, the dagger represents complex conjugation. The canonical kinetic term for the fermionic field is Y = 0.5i[ψ̄Γ^μD_μψ − (D_μψ̄)Γ^μψ], (2.2)

where D_μ is a covariant derivative. Note that the fermionic fields are treated here as classically commuting fields.

In general, the equations corresponding to the action (2.1) have very complicated form. We are here modest and consider the simple cosmological metric, namely, the homogeneous, isotropic and flat FRW universe filled with f-essence. This metric is given by

ds^2 = dt^2 − a^2(dx^2 + dy^2 + dz^2) (2.3)

and the vierbein is chosen to be (see e.g. [39]) (e^μ_a ) = diag(1, 1/a, 1/a, 1/a), (e^a_μ) = diag(1, a, a, a). (2.4)

The preliminary set-up for writing the equations of motion is now complete. So for the FRW metric (2.3), the equations corresponding to the action (2.1) look like [47] 3H^2 − ρ = 0, (2.5) 2Ḣ + 3H^2 + p = 0, (2.6) K_Y ψ̇ + 0.5(3HK_Y + K̇_Y )ψ − iγ^0K¯_ψ = 0, (2.7) K_Y ˙ψ̄ + 0.5(3HK_Y + K̇_Y )ψ̄ + iK_ψγ^0 = 0, (2.8) ρ̇ + 3H(ρ + p) = 0, (2.9) where a dot denotes a time derivative and K_Y = dK/dY . Here the kinetic terms, the energy density and the pressure take the form Y = 0.5i(ψ̄γ^0ψ̇ − ˙ψ̄γ^0ψ) (2.10) and ρ = K_Y Y − K, p = K, (2.11) respectively. Also we remark that as K = Y − V (ψ̄, ψ), the model (2.1) gives the usual Einstein- Dirac theory.

3 Reconstruction of f-essence. Example: K = F (Y )V (ψ̄, ψ)

In this section, we consider the following f-essence model K = F (Y )V (ψ̄, ψ). (3.1) Then the energy density and pressure are given by ρ = V (Y F^′ − F ), p = V F, (3.2) where F^′ = dF/dY . From Y K_Y = −0.5(K_ψψ + K¯_ψψ̄) (3.3) follows that V Y F^′ = −0.5F (V_ψψ + V¯_ψψ̄). (3.4) If we assume that V = V (u), (u = ψ̄ψ) then we obtain V Y F^′ = −F V_uu (3.5) and u = c a^3V F^′ , c = const. (3.6) Now we consider a more simple case namely V = mu^n. Then we have V Y F^′ = −F V_uu. (3.7) Hence we otain F = ηY^{−n}, η = const. (3.8) Similarly we have u = (− c nmηa^3 )^{1n+1} Y. (3.9) Note that in this case the energy density and the pressure take the form ρ = −mη(n + 1)( u Y )^n, p = mη( u Y )^n. (3.10)

Hence the EoS parameter is ω = − 1 n + 1

. (3.11)

So if n < 2 this particular f-essence model describes the accelerated expansion of the universe. From − 2Ḣ = ρ + p = Y K_Y = V Y F^′ = −nmη( u Y )^n (3.12) we get u = Y^n √ 2Ḣ ηnm . (3.13)

Finally we come to the following equation for the scale factor 2Ḣ =^{n+1} √ ηnm(−c)^na^{− 3nn+1} . (3.14) As an example, let us consider the power-law case : a = a_0t^l. Then from (3.14) we get l = 2(n + 1) 3n , a_0 = [− 3n 4(n + 1)

]^{n+13n} [ηnm(−c)^n]^{13n} . (3.15)

The energy density and the pressure take the form ρ = 4(n + 1)^2 3n^2 t^{−2}, p = − 4(n + 1)

3n^2 t^{−2}. (3.16)

So we have u = Y^n √ − 4(n + 1) 3mηn^2t^2

. (3.17)

The solution of the Dirac equation we can construct using the following formulas

ψ_j = c_j √ a^3K_Y e^{i ∫ (γ0KuK−1Y )j dt} (3.18) but we drop it. Here c = c^2_1 + c^2 − c^2_3 − c^2_4.

Let us now we consider the case when the EoS parameter ω = ω_0 = const. Then we have the following f-essence model K = V (ψ̄, ψ)Y^{ω0+1ω}0 . (3.19) For this case we get ρ = 1 ω_0

V (ψ̄, ψ)Y^{ω0+1ω}0 , p = V (ψ̄, ψ)Y^{ω0+1ω}0 (3.20)

so that p = ω_0ρ. (3.21) If V = V (u) then for this example the potential takes the form

V = V_0u^{− ω0+1ω0} . (3.22)

4 Fermionic Chaplygin gas models of dark energy from the Einstein-Dirac equation

In the next two sections, we want to present the particular f-essence models which give the Chaplygin gas models of dark energy. In other words, accordingly to the subject of this work, we want reconstruct some f-essence models with the help of Chaplygin gas models. But before, for the pedagogical reason here we give some (may be) known facts on fermionic Chaplygin gas models for the usual Einstein-Dirac equation (see e.g. [33]). For the FRW metric, the usual Einstein-Dirac equation has the form 3H^2 − ρ = 0, (4.1) 2Ḣ + 3H^2 + p = 0, (4.2) ψ̇ + 1.5Hψ + iγ^0V_{ψ̄} = 0, (4.3) ˙ψ̄ + 1.5Hψ̄ − iV_ψ γ0 = 0, (4.4) ρ̇ + 3H(ρ + p) = 0, (4.5) where the kinetic term, the energy density and the pressure take the form Y = 0.5i(ψ̄γ^0ψ̇ − ˙ψ̄γ^0ψ), ρ = V, p = Y − V. (4.6) So the usual Einstein-Dirac theory we here understand as the particular f-essence with

K = Y − V. (4.7)

Our next step is the construction some Chaplygin gas models of dark energy for the model (4.7). Consider examples.

4.1 The fermionic Chaplygin gas model

As first example, consider the Chaplygin gas [50] p = − A ρ , (4.8)

where A is a positive constant. Here we note that the cosmological model based on the Chaplygin gas was proposed for the first time in [50]. Let V = V (ψ̄, ψ) = V (u). Then, in terms of a, the system (4.1)-(4.5) has the following solution

H = ±3^{−0.5}(A + Ba^{−6})^{0.25}, (4.9) ρ = (A + Ba^{−6})^{0.5}, (4.10) p = −A(A + Ba^{−6})^{−0.5}, (4.11) ψ_j = c_j a^{−1.5}e^{−iD} , j = 1, 2, (4.12) ψ_l = c_la^{−1.5}e^{iD}, l = 3, 4, (4.13) V = (A + Ba^{−6})^{0.5}. (4.14)

Here B, c_j , c_l, c, constants, c = |c_1|^2 + |c_2|^2 − |c_3|^2 − |c_4|^2 and D = ∓0.5 √ 3Bc^{−1}a^{−2}(A + Ba^{−6})^{−0.75}. (4.15)

Also we mention that the scale factor is given by [50] t = 1 6^4 √ A ( ln 4√ A + Ba^{−6} +^4 √ A 4√ A + Ba^{−6} −^4 √ A − 2 arctan^4 √ 1 + A^{−1}Ba^{−6} ) . (4.16)

For the example, the EoS parameter is

ω = −1 + B B + Aa^6 . (4.17)

Finally we present expressions for the potential, the kinetic term and u: V = √ A + Bc^{−2}u^2, Y = Ba^{−6}(A + Ba^{−6})^{−0.5}, u = ca^{−3}. (4.18)

We note that the relation between the Chaplygin gas and the Einstein-Dirac theory was also explored in [33].

4.2 The fermionic generalized Chaplygin gas model

The generalized Chaplygin gas has the following EoS [57] p = − A ρ^α , (4.19) where A is a positive constant. For simplicity, we assume that V = V (ψ̄, ψ) = V (u). Then, the system (4.1)-(4.5) has the following solution

H = ±3^{−0.5}[A + Ba^{−3(α+1)}]^{0.5α+1} , (4.20) ρ = [A + Ba^{−3(α+1)}]^{1α+1} , (4.21) p = −A[A + Ba^{−3(α+1)}]^{− αα+1} , (4.22) ψ_j = c_j a^{−1.5}e^{−iD}, j = 1, 2, (4.23) ψ_l = c_la^{−1.5}e^{iD}, l = 3, 4, (4.24) V = [A + Ba^{−3(α+1)}]^{1α+1} . (4.25)

Here B, c_j , c_l, c, constants, c = |c_1|^2 + |c_2|^2 − |c_3|^2 − |c_4|^2 and D = ∓ √ 3Bc^{−1} ∫ a^{−3(1+α)+3} [ A + Ba^{−3(1+α)} ]_− 0.5+α_{1+α} da. (4.26)

For the example, the EoS parameter is

ω = −1 + B B + Aa^{3(α+1)}

. (4.27)

Finally we have the following expressions for the potential, the kinetic term and u: V = [ A + Bc^{−(1+α)}u^{1+α}

] 1_{1+α}

, (4.28) Y = Ba^{−3(1+α)} [ A + Ba^{−3(1+α)} ]_− α_{1+α} , (4.29)

u = ca^{−3}. (4.30)

4.3 The fermionic modified Chaplygin gas model

The EoS of the modified Chaplygin gas dark energy model is given by [54] p = Eρ − A ρ^α , (4.31)

where A and E are positive constants and 0 ≤ α ≤ 1. Using Eqs. (4.1)-(4.2), the modified Chaplygin gas energy density evolves as [54] ρ = [ A(1 + E)^{−1} + Ba^{−3(1+α)(1+E)}

] 1_{1+α}

, (4.32)

where B is an integration constant. As above, we assume that V = V (ψ̄, ψ) = V (u). The corresponding solution of the system (4.1)-(4.5) in terms of a has the following form H = ±3^{−0.5} [ A(1 + E)^{−1} + Ba^{−3(1+α)(1+E)}

] 0.5_{1+α}

, (4.33) ρ = [ A(1 + E)^{−1} + Ba^{−3(1+α)(1+E)}

] 1_{1+α} , (4.34)

p = [EBa^{−3(1+α)(1+E)} − A(1 + E)^{−1}] [ A(1 + E)^{−1} + Ba^{−3(1+α)(1+E)}

]_− α_{1+α} , (4.35)

ψ_j = c_j a^{−1.5}e^{−iD} , j = 1, 2, (4.36) ψ_l = c_la^{−1.5}e^{iD}, l = 3, 4, (4.37) V = [ A(1 + E)^{−1} + Ba^{−3(1+α)(1+E)}

] 1_{1+α} , (4.38)

where D = ∓ √ 3B(1 + E)c^{−1} ∫ a^{−3(1+α)(1+E)+3} [ A(1 + E)^{−1} + Ba^{−3(1+α)(1+E)}

]_− 0.5+α_{1+α} da. (4.39)

In this case, the EoS parameter is ω = EBa^{−3(1+α)(1+E)} − A(1 + E)^{−1} A(1 + E)^{−1} + Ba^{−3(1+α)(1+E)}

. (4.40)

The corresponding expressions for the potential, the kinetic term and u read as: V = [ A(1 + E)^{−1} + Bc^{−(1+α)(1+E)}u^{(1+α)(1+E)}

] 1_{1+α} , (4.41)

Y = (1 + E)Ba^{−3(1+α)(1+E)} [ A(1 + E)^{−1} + Ba^{−3(1+α)(1+E)}

]_− α_{1+α} , (4.42)

u = ca^{−3}. (4.43)

5 Reconstruction of f-essence. Fermionic Chaplygin gas models of dark energy from f-essence

5.1 The fermionic Chaplygin gas model from f-essence

Let us consider the following f-essence model

K = V_1 √ 1 + V_2Y^2, (5.1)

where V_j = V_j (ψ̄, ψ) are potentials so that we have V_{jY} = 0. Then

p = V_1 √ 1 + V_2Y^2, ρ = −

V_1 √ 1 + V_2Y^2

. (5.2)

Hence we get p = − V^2_1 ρ . (5.3)

It is the Chaplygin gas model. The intriguing characteristic of Chaplygin gas is that in the FRW metric, the energy density is

ρ = V_1 √ 1 + CV^{−2}_1 a^{−6}, C = const. (5.4)

Hence follows that, for example, at early times when a << CV^{−2}_1 )^{1/6}, the gas behaves as a pressureless dust, ρ = √ Ca^{−3}. Meanwhile it approaches asymptotically a ”cosmological constant” ρ = V_1 at late times when a >> (CV^{−2}_1 )^{1/6}. Note that for the f-essence (4.1) the equation of state parameter is ω = −1 − V_2Y^2. (5.5)

5.2 The fermionic generalized Chaplygin gas model from f-essence

As is known that the Chaplygin gas model of dark energy suffers from strong observational pressure from explaining CMB anisotropies. This shortcoming is a alleviated in a generalized Chaplygin gas model introduced. Here we establish a connection between f-essence and the generalized Chaplygin gas model. To do it, let us consider the following particular f-essence model

K = V_1(V_2Y^{α+1α} + 1)^{αα+1} , (5.6)

where as above V_j = V_j (ψ̄, ψ) are potential functions so that V_{jY} = 0. Then we have

p = V_1(V_2Y^{α+1α} + 1)^{αα+1} , ρ = −

V_1 (V_2Y^{α+1}α + 1)^{1α+1}

. (5.7)

Hence we get the generalized Chaplygin gas model

p = (−1)^α

V^{α+1}_1 ρ^α = − A ρ^α , (5.8) where A = (−V_1)^{α+1}. In the generalized Chaplygin gas model, the energy density and the equation of state parameter are given by ω = −1 − V_2Y^{α+1α} (5.9) and ρ = [A + Ba^{−3(α+1)}]^{1α+1} , B = const. (5.10)

Note that the original Chaplygin gas model (4.3) amounts to the case α = 1. Some properties of the generalized Chaplygin gas model in non-flat universe were considered in[51]-[53].

6 Conclusion

We reconstructed the different particular models of f-essence in the homogeneous, isotropic and flat FRW universe. In particular, the fermionic Chaplygin gas and the fermionic generalized Chaplygin gas models of dark energy are presented. We also obtained the equation of state parameter of some selected models including for both the fermionic Chaplygin gas and the fermionic generalized Chaplygin gas models. These results show that f-essence can describes the accelerated expansion of the universe.

References

[1] Perlmutter S. et al. Measurements of omega and lambda from 42 high-redshift supernovae, Astrophys. J. 517, 565-586 (1999) [astro-ph/9812133].

[2] Riess et al. Observational evidence from supernovae for an accelerating universe and a cosmological constant, Astron. J. 116, 1009-1038 (1998) [astro-ph/9805201].

[3] Armendariz-Picon C., Damour T., Mukhanov V.F. k-inflation, Phys. Lett. B458, 209-218 (1999) [hep-th/9904075].

[4] Armendariz-Picon C., Mukhanov V.F., Steinhardt P.J. Essentials of k-essence, Phys. Rev.

D63, 103510 (2001) [astro-ph/0006373].

[5] Armendariz-Picon C., Mukhanov V.F., Steinhardt P.J. A dynamical solution to the problem of a small cosmological constant and late-time cosmic acceleration, Phys. Rev. Lett. 85, 4438- 4441 (2000) [astro-ph/0004134].

[6] De Putter R., Linder E.V. Kinetic k-essence and Quintessence, Astropart. Rhys. 28, 263-272 (2007).

[7] Vikman A. K-essence: cosmology, causality and emergent geometry, PhD thesis, Munchen, 2007.

[8] Ribas M.O., Devecchi F.P., Kremer G.M. Fermions as sources of accelerated regimes in cosmology, Phys. Rev.D72, 123502 (2005) [arXiv:gr-qc/0511099]

[9] Samojeden L.L., Devecchi F.P., Kremer G.M. Fermions in Brans-Dicke cosmology, Phys. Rev.

D81, 027301 (2010) [arXiv:1001.2285].

[10] Samojeden L.L., Kremer G.M., Devecchi F.P. Accelerated expansion in bosonic and fermionic 2D cosmologies with quantum effects, Europhys. Lett. 87, 10001 (2009) [arXiv:0906.3315].

[11] Ribas M.O., Kremer G.M. Fermion fields in Einstein-Cartan theory and the accelerateddecelerated transtion in a primordial Universe, Grav. Cosmol. 16, 173-177 (2010) [arXiv:0902.2696].

[12] Cai Y.F., Wang J. Dark Energy Model with Spinor Matter and Its Quintom Scenario, Class.

Quant. Grav., 25, 165014 (2008) [arXiv:0806.3890]

[13] Wang J., Yang S.-P. Cosmic duality and statefinder diagnosis of spinor quintom, arXiv:0901.1441.

[14] Wang J., Cui S.-W., Zhang C.-M. Thermodynamics of Spinor Quintom, Phys. Lett., B683, 101-107 (2010) [arXiv:0901.1439] [15] Cataldo M., Chimento L. Crossing the phantom divide with a classical Dirac field, arXiv:1101.0281.

[16] Cataldo M., Chimento L. Unifying dark components and crossing the phantom divide with a classical Dirac field, arXiv:0710.4306.

[17] Chimento L., Devecchi F.P., Forte M., Kremer G.M. Phantom cosmologies and fermions, arXiv:0707.4455.

[18] Ribas M.O., Devecchi F.P., Kremer G.M. Cosmological model with non-minimally coupled fermionic field, Europhys. Lett. 81, 19001 (2008) [arXiv:0710.5155] [19] Ribas M.O., Devecchi F.P., Kremer G.M. Fermionic cosmologies with Yukawa type interactions, Europhys. Lett. 93, 19002 (2011), arXiv:1012.5557.

[20] Rakhi R., Vijayagovindan G.V., Indulekha K. A cosmological model with fermionic field, [arXiv:0912.1222] [21] Rakhi R., Vijayagovindan G.V., Noble P. A., Indulekha K. A cosmological model with fermionic field and Gauss-Bonnet term, IJMPA, 25, 1267-1278 (2010) [arXiv:0910.3761] [22] Chimento L.P., Devecchi F.P., Forte M., Kremer G.M. Phantom cosmologies and fermions, Class.Quant. Grav. 25, 085007 (2008) [arXiv:0707.4455] [23] Anischenko S.V., Cherkas S.L., Kalashnikov V.L. Cosmological Production of Fermions in a Flat Friedmann Universe with Linearly Growing Scale Factor: Exactly Solvable Model, [arXiv:0911:0769] [24] Saha B. Nonlinear spinor field in cosmology, Phys. Rev. D69, 124006 (2004) [arXiv:gr-qc/0308088] [25] Saha B., Shikin G.N. J. Math. Phys. 38, 5305 (1997) [26] Saha B. Spinor Field in Bianchi type-I Universe: regular solutions, Phys. Rev. D64, 123501 (2001) [arXiv:gr-qc/0107013] [27] Saha B. Physics of Particles and Nuclei, 37, Suppl., S13 (2006) [28] Saha B. Phys. Rev. D, 74, 124030 (2006) [29] Saha B. Spinor model of a perfect fluid and their applications in Bianchi type-I and FRW models, Astrophys. Space Sci. 331, 243-255 (2011), arXiv:0906.1474.

[30] Saha B., Visinescu M. Bianchi type-I model with cosmic string in the presence of a magnetic field: spinor description, arXiv:0906.0156.

[31] Saha B. Spinor model of a perfect fluid: examples, Romanian Reports in Physics, 62, N1, 209-216 (2010), arXiv:0902.2097.

[32] Saha B. Spinor model of a perfect fluid, Cent. Eur. J. Phys. 8, 920-923 (2010), arXiv:0901.21387.

[33] Saha B. Nonlinear spinor fields and its role in cosmology, arXiv:1103.2890 [34] Vakili B., Sepangi H.R. Time reparameterization in Bianchi type I spinor cosmology, Annals Phys. 323, 548-565 (2008) [arXiv:0709.2988].

[35] Dereli T., Ozdemir N., Sert O. Einstein-Cartan-Dirac Theory in (1+2)-Dimensions, [arXiv:1002.0958] [36] Balantekin A.B., Dereli T. An Exact Cosmological Solution of the Coupled Einstein-Majorana Fermion-Scalar Field Equations, Phys. Rev. D75, 024039 (2007), [arXiv:gr-qc/0701025].

[37] Miao S.P., Woodard R.P. Leading Log Solution for Inflationary Yukawa, [gr-qc/0602110] [38] Woodard R.P. Generalizing Starobinskii’s Formalism to Yukawa Theory & to Scalar QED, [gr-qc/0608037] [39] Armendariz-Picon C., Greene P. Spinors, Inflation, and Non-Singular Cyclic Cosmologies, Gen.Relativ. Gravit. 35, 1637-1658 (2003), [arXiv:hep-th/0301129] [40] Inagaki T., Rybalov Y., Meng X. Space-time evolution induced by spinor fields with canonical and non-canonical kinetic terms, arXiv:1102.5036.

[41] Boehmer C.G., Burnett J., Mota D.F., Shawar D.J. Dark spinor models in gravitation and cosmology, arXiv:1003.3858.

[42] Wei H. Spinor dark energy and cosmological coincidence problem, Phys. Lett. B. 695, 307-311 (2011). arXiv:1002.4230.

[43] Shankaranarayanan S. Dark spinor driven inflaton, arXiv:1002.1128. [44] Shankaranarayanan S. What-if inflaton is a spinor condensate?, Int. J. Mod. Phys. D., 18, N14, 2173-2179 (2009), arXiv:0905.2573.

[45] Boehmer C.G., Burnett J. Dark spinors, arXiv:1001.1141.

[46] Boehmer C.G., Burnett J. Dark energy with dark spinors, Mod. Phys. Lett. A., 25, 101-110 (2010), arXiv:0906.1351.

[47] Myrzakulov R. Fermionic k-essence, [arXiv:1011.4337] [48] Nojiri S., Odintsov S.D. Unified cosmic history in modified gravity: from F(R) theory to Lorentz non-invariant models, [arXiv:1011.0544].

[49] Elizalde E., Myrzakulov R., Obukhov V.V., Saez-Gomez D. LambdaCDM epoch reconstruction from F(R,G) and modified Gauss-Bonnet gravities, Class.Quant.Grav., 27, 095007 (2010) [arXiv:1001.3636].

[50] Kamenshchik A.Y., Moschella U., Pasquier V. LambdaCDM epoch reconstruction from F(R,G) and modified Gauss-Bonnet gravities, Phys. Lett. B, 511, 265 (2001) [arXiv:1001.3636].

[51] Setare M.R. Holographic Chaplygin gas model, Phys.Lett.B, 648, 329-332 (2007) [arXiv:0704.3679] [52] Setare M.R. Interacting holographic generalized Chaplygin gas model, Phys.Lett.B, 654, 1-6 (2007), [arXiv:0708.0118] [53] Setare M.R. Interacting generalized Chaplygin gas model in non-flat universe, Eur.Phys.J.C, 52, 689-692 (2007), [arXiv:0711.0524] [54] Benaoum H.B. Accelerated Universe from Modified Chaplygin Gas and Tachyonic Fluid, [hep-th/0205140] [55] Debnath U., Banerjee A., Chakraborty S. Role of modified Chaplygin gas in accelerated universe, Class. Quantum Grav., 21, 5609 (2004), [arXiv:gr-qc/0411015] [56] Jamil M., Rashid M.A. Constraints on coupling constant between dark energy and dark matter, Eur. Phys. J. C, 60, 141-147 (2009), [arXiv:0802.1144] [57] Bento M.C., Bertolami O., Sen A.A. Generalized Chaplygin gas, accelerated expansion and dark energy-matter unification, Phys. Rev. D 66, 043507 (2002), [arXiv:gr-qc/0202064]