arXiv:1202.2278v1 [physics.gen-ph] 9 Feb 2012

QCD ghost f(T )-gravity model

K. Karami^{1,2∗}, A. Abdolmaleki^{1†}

1Department of Physics, University of Kurdistan, Pasdaran St., Sanandaj, Iran 2Research Institute for Astronomy and Astrophysics of Maragha (RIAAM), Maragha, Iran

February 14, 2012

Abstract We reconstruct a f(T ) modified teleparallel gravity model corresponding to the ghost dark energy scenario. We calculate the effective torsion equation of state and deceleration parameters of the ghost f(T )-gravity model. We conclude that the equation of state parameter behaves like a freezing quintessence model. Furthermore, the deceleration parameter can justify the transition from the cosmic deceleration to acceleration phase of the universe. Also the present value of the deceleration parameter is in good agreement with the recent observations.

PACS numbers: 95.36.+x, 04.50.Kd Keywords: Dark energy, Modified theories of gravity

1 Introduction

Here, our aim is to reconstruct a f(T ) modified teleparallel gravity model according to the ghost dark energy (GDE) scenario.

The action of f(T )-gravity is given by [1]-[10] I = 1 2k^2 ∫ d^4x e [ f(T ) + L_m ] , (1)

where k^2 = 8πG, e = det(e^i_μ) and e^i_μ is the vierbein field which is used as a dynamical object in teleparallel gravity. Also T and L_m are the torsion scalar and the Lagrangian density of the matter inside the universe, respectively.

Taking the variation of the action (1) with respect to the vierbein e^i_μ, the modified Friedmann equations in the spatially flat Friedmann-Robertson-Walker (FRW) universe can be obtained in the standard forms 3 k^2

H^2 = ρ_m + ρ_T , (2) 1 k^2

(2Ḣ + 3H^2) = −(p_m + p_T ), (3)

where ρ_T = 1 2k^2

(2T f_T − f − T ), (4)

∗KKarami@uok.ac.ir †AAbdolmaleki@uok.ac.ir

p_T = − 1 2k^2

[−8ḢT f_{T T} + (2T − 4Ḣ)f_T − f + 4Ḣ − T ], (5) and T = −6H^2. (6) Here, H = ȧ/a is the Hubble parameter and the subscript T in f_T denotes a derivative with respect to the torsion scalar T . Also ρ_m and p_m are the energy density and pressure of the matter inside the universe, respectively. Furthermore, ρ_T and p_T are the torsion contributions to the energy density and pressure, respectively.

The energy conservation equations are still given by

ρ̇_m + 3H(ρ_m + p_m) = 0, (7)

ρ̇_T + 3H(ρ_T + p_T ) = 0. (8) The effective torsion equation of state (EoS) parameter is defined as [5, 7]

ω_T = p_T ρ_T = −1 − Ṫ 3H ( 2T f_{T T} + f_T − 1 2T f_T − f − T ) . (9)

With the help of Eqs. (2), (4) and (6) one can get

ρ_m = 1 16πG (f − 2T f_T ). (10)

For the pressureless matter, i.e. p_m = 0, from Eqs. (2) to (5) one can obtain Ḣ = − 4πGρ^m f_T + 2T f_{T T} . (11)

Inserting Eq. (10) into (11) and using Ṫ = −12HḢ gives

Ṫ = 3H ( f − 2T f_T f_T + 2T f_{T T} ) . (12)

Using the above relation, the effective EoS parameter (9) yields

ω_T = − f/T − f_T + 2T f_{T T} (f_T + 2T f_{T T} )(f/T − 2f_T + 1)

. (13)

Here, we also calculate the deceleration parameter q = −1 − Ḣ H^2

, (14)

which can be compared with the observations. Using Eqs. (6) and (12) the deceleration parameter (14) leads to q = 2 ( f_T − T f_{T T} −^{3f}_{4T} f_T + 2T f_{T T} ) . (15)

2 Ghost f(T )-gravity model

The dark torsion contribution in f(T )-gravity can justify the observed acceleration of the universe without resorting to the DE. This motivates us to reconstruct a f(T )-gravity model according to the GDE model which has been recently motivated from the Veneziano ghost of quantum choromodynamics (QCD). The GDE density is given by [11]

ρ_D = αH, (16)

where α is a constant with dimension [energy]^3. Several aspects of this new paradigm have been investigated in the literature [12].

With the help of Eq. (6) one can rewrite (16) as

ρ_D = α ( − T 6 )_{1/2} . (17)

Equating (4) and (17), i.e. ρ_T = ρ_D, we obtain the following differential equation 2T f_T − f − T − β √ −T = 0, (18)

where β = 2k^2α √ 6 . (19)

Solving Eq. (18) yields the f(T )-gravity corresponding to the GDE model as

f(T ) = T + √ −T ( ϵ + β 2 ln(−T ) ) , (20)

where ϵ is an integration constant that can be determined from a boundary condition. Following [13] to recover the present day value of Newtonian gravitational constant we need to have

f_T (T_0) = 1, (21)

where T_0 = −6H^2_0 is the torsion scalar at the present time. Applying the above boundary condition to the solution (20) one can obtain ϵ = β ( 1 − 1 2 ln(−T_0) ) . (22)

Substituting this into Eq. (20) gives

f(T ) = T + β √ −T [ 1 2 ln ( T T_0 ) − 1 ] . (23)

The parameter β can be obtained by inserting Eq. (23) into the modified Friedmann equation (2). Solving the resulting equation for the present time gives β = √ 6H_0(1 − Ω_{m0} ), (24)

where Ω_{m0} =^{k2ρm0}_{3H20} is the dimensionless matter energy density and the index 0 denotes the value of a quantity at present. The evolution of the ghost f(T )-gravity model, Eq. (23), versus T/T_0 is plotted in Fig. 1. It shows that the magnitude of ghost f(T ) model increases when T/T_0 increases. At present time T/T_0 = 1 we have f(T_0) = −7974.

Note that the ghost f(T )-gravity (23) satisfies the condition

lim_{T →∞} f/T → 1, (25)

at high redshift which is compatible with the primordial nucleosynthesis and CMB constraints [6, 8].

Inserting Eq. (23) into (12) and using H = (−T/6)^{1/2} yields t − t_i = 1 √ 6 ∫_T T_i ( 2 √ −T − β β √ −T + T ) dT T . (26)

Integrating the above relation analytically gives t = √ 2 3 [ 1 √ −T + 1 β ln ( √ −T √ −T − β )] , √ −T ≥ β, (27) where we take T_i = −6H^2_i = −∞ at t_i = 0. Note that the condition √ −T ≥ β is necessary due to having a real time. Using Eq. (24) the condition √ −T ≥ β can be rewritten as T/T_0 ≥ (1 − Ω_{m0} )^2. Figure 2 shows the time evolution of the fractional torsion scalar T/T_0. It clears that T/T_0 decreases with increasing the time. Figure 2 illustrates that at early (t/t_0 → 0) and late (t/t_0 → ∞) times we have T/T_0 → ∞ and T/T_0 → (1 − Ω_{m0} )^2 = 0.55, respectively, where we take Ω_{m0} = 0.26 [13].

Inserting Eq. (23) into (13) gives the effective torsion EoS parameter of the ghost f(T )- gravity model as ω_T = − T 2T + β √ −T . (28)

The time evolution of the EoS parameter (28) is plotted in Fig. 3. It shows that at early times (t/t_0 → 0) we have ω_T → −0.5 and at late times (t/t_0 → ∞) we get ω_T → −1 which acts like ΛCDM. Also at present time we have ω_{T0} = −0.79. Figure 3 clears that the torsion EoS parameter of the ghost f(T )-gravity model behaves like freezing quintessence DE [14] and cannot cross the phantom divide line. This result is in complete agreement with that obtained for the GDE model in the Einstein gravity [11, 12].

Inserting Eq. (23) into (15) one can obtain the deceleration parameter q = T + 2β √ −T 2T + β √ −T . (29)

Figure 4 shows the time evolution of the deceleration parameter (29). It clears that at early times (t/t_0 → 0) we have q → 0.5 which corresponds to the matter dominated universe. Also at late times (t/t_0 → ∞) we get q → −1 which behaves like the de Sitter universe. Figure 4 illustrates that at t/t_0 = 0.57 we have a cosmic deceleration q > 0 to acceleration q < 0 transition which is compatible with the observations [15]. Also at present time we get q_0 ≃ −0.4 which is in good agreement with recent observational results −1.4 ≤ q_0 ≤ −0.3 [15].

3 Conclusions

Here, we established a correspondence between the GDE model and f(T ) modified teleparallel gravity. In the framework of f(T ) theory, we considered a spatially flat FRW universe filled only with ordinary matter. Then, we reconstructed a f(T ) model according to the GDE scenario. We concluded that the condition f/T → 1 is satisfied at high redshift (T → ∞) which is compatible with the primordial nucleosynthesis and CMB constraints. We also obtained the time evolution of the dark torsion scalar T . Furthermore, we calculated the effective EoS and deceleration parameters of the ghost f(T )-gravity model. Our results show the following.

(i) The EoS parameter ω_T varies from −0.5 at early times to −1 at late times, which is similar to freezing quintessence type of DE. For the present time we obtain ω_{T0} = −0.79.

(ii) The deceleration parameter q at early and late times behaves like the matter dominated and de Sitter universe, respectively. Also at near past t/t_0 = 0.57 we have a cosmic deceleration (q > 0) to acceleration (q < 0) transition. The deceleration parameter q_0 ≃ −0.4 at the present time is compatible with the recent observations.

All in all, we pointed out that the dynamics of the universe described by the GDE in the Einstein gravity can be explained by f(T ) theory without resorting to the DE paradigm.

Acknowledgements

The work of K. Karami has been supported financially by Research Institute for Astronomy & Astrophysics of Maragha (RIAAM), Maragha, Iran.

References

[1] G.R. Bengochea, R. Ferraro, Phys. Rev. D 79, 124019 (2009);

G.R. Bengochea, Phys. Lett. B 695, 405 (2011).

[2] R.J. Yang, Eur. Phys. J. C 71, 1797 (2011);

S.C. Ulhoa, J.F. da Rocha Neto, J.W. Maluf, Int. J. Mod. Phys. D 19, 1925 (2010); K. Bamba, C.Q. Geng, C.C. Lee, arXiv:1008.4036; K. Bamba, et al., JCAP 01, 021 (2011); R. Zheng, Q.G. Huang, JCAP 03, 002 (2011).

[3] K.K. Yerzhanov, et al., arXiv:1006.3879;

R. Myrzakulov, arXiv:1008.4486;

R. Myrzakulov, Eur. Phys. J. C 71, 1752 (2011); P.Y. Tsyba, et al., Int. J. Theor. Phys. 50, 1876 (2011).

[4] R. Ferraro, F. Fiorini, Phys. Rev. D 75, 084031 (2007);

R. Ferraro, F. Fiorini, Phys. Rev. D 78, 124019 (2008).

[5] P. Wu, H. Yu, Phys. Lett. B 692, 176 (2010);

P. Wu, H. Yu, Eur. Phys. J. C 71, 1552 (2011); H. Wei, X.P. Ma, H.Y. Qi, Phys. Lett. B 703, 74 (2011).

[6] P. Wu, H. Yu, Phys. Lett. B 693, 415 (2010).

[7] K. Karami, A. Abdolmaleki, arXiv:1009.2459;

K. Karami, A. Abdolmaleki, arXiv:1009.3587; K. Karami, A. Abdolmaleki, arXiv:1111.7269.

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

[9] J.B. Dent, S. Dutta, E.N. Saridakis, Phys. Rev. D 83, 023508 (2011);

J.B. Dent, S. Dutta, E.N. Saridakis, JCAP 01, 009 (2011);

C.Q. Geng, C.C. Lee, E.N. Saridakis, Y.P. Wu, Phys. Lett. B 704, 384 (2011); C.Q. Geng, C.C. Lee, E.N. Saridakis, JCAP 01, 002 (2012).

[10] M. Li, R.X. Miao, Y.G. Miao, JHEP 07, 108 (2011).

[11] F.R. Urban, A.R. Zhitnitsky, Phys. Rev. D 80, 063001 (2009);

F.R. Urban, A.R. Zhitnitsky, JCAP 09, 018 (2009); F.R. Urban, A.R. Zhitnitsky, Phys. Lett. B 688, 9 (2010); F.R. Urban, A.R. Zhitnitsky, Nucl. Phys. B 835, 135 (2010); N. Ohta, Phys. Lett. B 695, 41 (2011); R.G. Cai, Z.L. Tuo, H.B. Zhang, arXiv:1011.3212; R.G. Cai, Z.L. Tuo, Y.B. Wu, Y.Y. Zhao, arXiv:1201.2494.

[12] E. Ebrahimi, A. Sheykhi, Phys. Lett. B 705, 19 (2011);

E. Ebrahimi, A. Sheykhi, Int. J. Mod. Phys. D 20, 2369 (2011); A. Sheykhi, A. Bagheri, Europhys. Lett. 95, 39001 (2011); A. Sheykhi, M. Sadegh Movahed, Gen. Relativ. Gravit. 44, 449 (2012); A. Rozas-Fernandez, arXiv:1106.0056;

A. Khodam-Mohammadi, M. Malekjani, arXiv:1201.3200.

[13] S. Capozziello, V.F. Cardone, H. Farajollahi, A. Ravanpak, Phys. Rev. D 84, 043527 (2011).

[14] R.R. Caldwell, E.V. Linder, Phys. Rev. Lett. 95, 141301 (2005).

[15] E.E.O. Ishida, R.R.R. Reis, A.V. Toribio, I. Waga, Astropart. Phys. 28, 547 (2008).

Figure 1: The evolution of ghost f(T )-gravity model, Eq. (23), versus T/T_0. The auxiliary parameters are H_0 = 71.8 Km S^{−1} Mpc^{−1} and Ω_{m0} = 0.26 [13]. For these values one finds β = 130.5.

Figure 2: The evolution of the torsion scaler, Eq. (27), versus t/t_0. Auxiliary parameters as in Fig. 1.

Figure 3: The evolution of the effective torsion EoS parameter of the ghost f(T )-gravity model, Eq. (28), versus t/t_0. Auxiliary parameters as in Fig. 1.

Figure 4: The evolution of the deceleration parameter of the ghost f(T )-gravity model, Eq. (29), versus t/t_0. Auxiliary parameters as in Fig. 1.