arXiv:1111.7269v1 [gr-qc] 29 Nov 2011

Holographic and new agegraphic f(T )-gravity models with power-law entropy correction

K. Karami^∗, A. Abdolmaleki^†

Department of Physics, University of Kurdistan, Pasdaran St., Sanandaj, Iran

December 1, 2011

Abstract

Using a correspondence between the f(T )-gravity with the power-law entropy corrected versions of the holographic and new agegraphic dark energy models, we reconstruct the holographic and new agegraphic f(T )-gravity models with power-law entropy correction. We also obtain the equation of state parameters of the selected models due to torsion contribution. Our results show that the equation of state parameters can accommodate the transition from the quintessence state to the phantom regime at recent stage.

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

∗E-mail: KKarami@uok.ac.ir †E-mail: AAbdolmaleki@uok.ac.ir

1 The f(T ) theory of gravity

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

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

In the framework of f(T )-gravity, the modified Friedmann equations in the spatially flat FRW universe are given by [3, 4, 5, 6, 7] 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)

p_T = − 1 2k^2

[−8ḢT f_{T T} + (2T − 4Ḣ)f_T − f + 4Ḣ − T ], (5)

T = −6H^2, (6) and H = ȧ/a denotes the Hubble parameter. Here ρ_m and p_m are the total energy density and pressure of the matter inside the universe, respectively. Also ρ_T and p_T are the energy density and pressure, respectively, due to the torsion contribution. The energy conservation laws are given by ρ̇_m + 3H(ρ_m + p_m) = 0, (7) ρ̇_T + 3H(ρ_T + p_T ) = 0. (8) For the special case f(T ) = T , from Eqs. (4) and (5) ρ_T = p_T = 0 and the usual Friedmann equations in general relativity (GR) are recovered.

In the presence of the torsion contribution, the equation of state (EoS) parameter is defined as [7]

ω_T = p_T ρ_T = −1 +

8ḢT f_{T T} + 4Ḣf_T − 4Ḣ 2T f_T − f − T . (9)

In the subsequent sections, we reconstruct different f(T )-gravities from the power-law entropy corrected holographic dark energy (PLECHDE) and new agegraphic dark energy (PLEC- NADE) models.

2 Power-law entropy corrected holographic f(T )-gravity model

Here like [7, 8] we reconstruct the f(T )-gravity according to the PLECHDE model. Following [9, 10] the PLECHDE density with the IR cut-off L = R_h is given by

ρ_Λ =

3c^2 k^2R^2_h − β k^2R^α_h

, (10) where c, α and β are constants. For β = 0 the above equation transforms to the well-known HDE density [11, 12]. Also the future event horizon R_h is defined as

R_h = a ∫_∞ t dt a = a ∫_∞ a da Ha^2 . (11)

Following [13, 14] we assume two ansatzs for the scale factor. The first ansatz is given by

a(t) = a_0(t_s − t)^{−h}, t ≤ t_s, h > 0. (12)

Using Eqs. (6) and (12) one can get H = h t_s − t , T = − 6h^2 (t_s − t)^2 , Ḣ = − T 6h . (13)

For the second ansatz as a(t) = a_0t^h, h > 0, (14) one can obtain H = h t , T = − 6h^2 t^2 , Ḣ = T 6h . (15)

For the scale factor (12) and using Eq. (13), the future event horizon R_h yields

R_h = a ∫_{ts} t dt a = t_s − t h + 1 = h h + 1 ( −6 T )_{1/2} . (16)

Replacing Eq. (16) into (10) yields

ρ_Λ = − γ 2k^2 T − δ 2k^2

(−T )^{α2} , (17)

where γ = c^2 ( h + 1 h )_2

, (18) δ = 2β ( h + 1 √ 6h )_α . (19)

Equating (4) with (17), i.e. ρ_T = ρ_Λ, gives the following differential equation

2T f_T − f − (1 − γ)T + δ(−T )^{α2} = 0. (20)

Solving Eq. (20) yields the power-law entropy corrected holographic f(T )-gravity model as

f(T ) = ϵT^{1/2} + (1 − γ)T + δ 1 − α (−T )^{α2} , (21)

where ϵ is an integration constant.

Inserting Eq. (21) into (9) gives the EoS parameter of the torsion contribution as

ω_T = −1 − 1 3h ( αδ(−T )^α2 γT + δ(−T )^α2 ) , h > 0. (22)

The above relation shows that the EoS parameter is time-dependent. Hence it can justify the transition from quintessence state, ω_T > −1, to the phantom regime, ω_T < −1, as indicated by recent observations [15].

For the scale factor (14), using Eq. (15) the future event horizon R_h reduces to

R_h = a ∫_∞ t dt a = t h − 1 = h h − 1 ( −6 T )_{1/2} , h > 1, (23)

where the condition h > 1 is necessary due to having a positive future event horizon. For the scale factor (14), the resulting f(T ) is the same as (21) where

γ = c^2 ( h − 1 h )_2

, (24)

δ = 2β ( h − 1 √ 6h )_α . (25)

Also the EoS parameter is obtained as

ω_T = −1 + 1 3h ( αδ(−T )^α2 γT + δ(−T )^α2 ) , h > 1, (26)

which is a dynamical EoS parameter. Hence it can also accommodate the transition from ω_T > −1 to ω_T < −1 at recent stage.

3 Power-Law entropy corrected new agegraphic f(T )-gravity model

The PLECNADE density is given by [9]

ρ_Λ =

3n^2 k^2η^2 − β k^2η^α

, (27)

where n, α and β are constants. Also η is the conformal time of the FRW universe defined as η = ∫ dt a = ∫ da Ha^2 . (28)

In the absence of correction term (β = 0), Eq. (27) reduces to the ordinary NADE density [16, 17].

For the scale factor (12), using (13), the conformal time η yields η = ∫_{ts} t dt a = (t_s − t)^{h+1} a_0(h + 1) = h^{h+1} a_0(h + 1) ( −6 T ) h+1_2 . (29)

Substituting Eq. (29) into (27) gives

ρ_Λ = λ k^2

(−T )^{h+1} − σ k^2

(−T )^{α( h+12 )}, (30)

where λ = 3n^2a^2_0(h + 1)^2 (6h^2)^{h+1}

, (31)

σ = β ( a_0(h + 1) ( √ 6h)^{h+1} )_α . (32)

Equating (4) with (30) yields

2T f_T − f − T − 2λ(−T )^{h+1} + 2σ(−T )^{α2 (h+1)} = 0. (33)

Solving Eq. (33) reduces to the power-law entropy corrected new agegraphic f(T )-gravity model as f(T ) = ϵT^{1/2} + T + 2λ 1 + 2h

(−T )^{h+1} + 2σ 1 − α(1 + h)

(−T )^{α2 (h+1)}, (34)

where ϵ is an integration constant. Replacing Eq. (34) into (9) gives

ω_T = −1 −

1 + h 3h ( −2λ + ασ(−T )^{( α}2^{−1)(h+1)} λ + σ(−T )^{( α}2^{−1)(h+1)} ) , h > 0, (35)

which is time-dependent and can justify the transition from ω_T > −1 to ω_T < −1.

For the scale factor (14), using (15) the conformal time η is obtained as η = ∫_t 0 dt a = t^{1−h} a_0(1 − h) = h^{1−h} a_0(1 − h) ( −6 T ) 1−h_2 , 0 < h < 1, (36)

where the condition h < 1 is necessary due to having a positive conformal time. The resulting f(T ) is f(T ) = ϵT^{1/2} + T + 2λ 1 − 2h (−T )^{−h+1} + 2σ 1 − α(1 − h) (−T )^{α2 (1−h)}, (37)

where λ = 3n^2a^2_0(1 − h)^2

(6h^2)^{1−h}

, (38)

σ = β ( a_0(1 − h) ( √ 6h)^{1−h} )_α . (39)

Also the EoS parameter is obtained as

ω_T = −1 − h − 1 3h ( −2λ + ασ(−T )^{( α}2^{−1)(1−h)} λ + σ(−T )^{( α}2^{−1)(1−h)} ) , 0 < h < 1, (40)

which can accommodate the transition from ω_T > −1 to ω_T < −1.

References

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

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

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

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

[3] R. Myrzakulov, arXiv:1008.4486;

K.K. Yerzhanov, et al., arXiv:1006.3879; R. Myrzakulov, Eur. Phys. J. C 71, 1752 (2011); P.Y. Tsyba, et al., Int. J. Theor. Phys. 50, 1876 (2011).

[4] K. Bamba, C.Q. Geng, C.C. Lee, arXiv:1008.4036;

K. Bamba, et al., JCAP 01, 021 (2011); K. Bamba, C.Q. Geng, JCAP 11, 008 (2011); R. Zheng, Q.G. Huang, JCAP 03, 002 (2011).

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

P. Wu, H. Yu, Phys. Lett. B 693, 415 (2010); P. Wu, H. Yu, Eur. Phys. J. C 71, 1552 (2011).

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

S.C. Ulhoa, et al., Int. J. Mod. Phys. D 19, 1925 (2010); R. Yang, Eur. Phys. J. C 71, 1797 (2011);

J.B. Dent, S. Dutta, E.N. Saridakis, JCAP 01, 009 (2011); J.B. Dent, S. Dutta, E.N. Saridakis, Phys. Rev. D 83, 023508 (2011).

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

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

[8] S. Nojiri, S.D. Odintsov, Phys. Rev. D 74, 086005 (2006);

S. Nojiri, S.D. Odintsov, J. Phys. Conf. Ser. 66, 012005 (2007); S. Nojiri, S.D. Odintsov, D. Saez-Gomez, arXiv:0908.1269; S. Nojiri, S.D. Odintsov, Phys. Rept. 505, 59 (2011).

[9] A. Sheykhi, M. Jamil, Gen. Relativ. Gravit. 43, 2661 (2011).

[10] K. Karami, A. Abdolmaleki, N. Sahraei, S. Ghaffari, JHEP 08, 150 (2011).

[11] M. Li, Phys. Lett. B 603, 1 (2004).

[12] M. Li, X.D. Li, S. Wang, X. Zhang, JCAP 06, 036 (2009);

M. Li, X.D. Li, S. Wang, Y. Wang, X. Zhang, JCAP 12, 014 (2009); M. Jamil, M.U. Farooq, M.A. Rashid, Eur. Phys. J. C 61, 471 (2009); A. Sheykhi, Phys. Lett. B 681, 205 (2009); A. Sheykhi, Class. Quantum Grav. 27, 025007 (2010); K. Karami, JCAP 01, 015 (2010);

K. Karami, J. Fehri, Phys. Lett. B 684, 61 (2010).

[13] S. Nojiri, S.D. Odintsov, Int. J. Geom. Meth. Mod. Phys. 4, 115 (2007);

K. Karami, M.S. Khaledian, JHEP 03, 086 (2011).

[14] H.M. Sadjadi, Phys. Rev. D 73, 063525 (2006).

[15] U. Alam, V. Sahni, A.A. Starobinsky, JCAP 06, 008 (2004);

D. Huterer, A. Cooray, Phys. Rev. D 71, 023506 (2005); Y. Wang, M. Tegmark, Phys. Rev. D 71, 103513 (2005).

[16] H. Wei, R.G. Cai, Phys. Lett. B 660, 113 (2008).

[17] H. Wei, R.G. Cai, Phys. Lett. B 663, 1 (2008);

H. Wei, R.G. Cai, Eur. Phys. J. C 59, 99 (2009); A. Sheykhi, Phys. Lett. B 680, 113 (2009); M. Jamil, E.N. Saridakis, JCAP 07, 028 (2010);

M. Malekjani, A. Khodam-Mohammadi, Int. J. Mod. Phys. D 19, 1857 (2010); K. Karami, et al., Phys. Lett. B 686, 216 (2010).