arXiv:1305.4543v1 [physics.gen-ph] 17 May 2013

Loop Quantum Corrections to Statefinder Parameters of Dark Energy

Mubasher Jamil,^{1, 2, ∗} D. Momeni,^{2, †} and Ratbay Myrzakulov^{2, ‡} 1Center for Advanced Mathematics and Physics (CAMP), National University of Sciences and Technology (NUST), H-12, Islamabad, Pakistan 2Eurasian International Center for Theoretical Physics, L.N. Gumilyov Eurasian National University, Astana 010008, Kazakhstan

Abstract: In this short letter, we presented the explicit forms of the statefinder parameters for the Friedmann-Robertson-Walker (FRW) Universe in the loop quantum cosmology (LQC) for Holographic dark energy and New-Agegraphic dark energy. Numerically we investigated cosmological implications of these parameters for models of DE.

I. INTRODUCTION

Acceleration expansion is a consequence of observational data [1, 2]. The role of this epoch is for dark energy (DE) [3]. A new stringy motivated model of DE is Holographic dark energy(HDE). Also recently it has been proposed New-agegraphic dark energy (NADE) from a quantum mechanical point of view. To classify models of DE Sahni et al [4] introduced the statefinder pair {r, s} given by , r ≡ ... a aH^3 , s ≡ r − 1 3(q − 1/2)

, (1)

As usual a, H denote the scale factor and the Hubble parameter. Also q is the deceleration parameter is defined by, q = − .. a aH^2 . (2)

In a model of DE trajectory in r, s plane classifies the model’s behavior [5, 6].

Following the modification proposal of gravity it is possible to label the DE to gravity corrections [7]-[10]. Our main goal in this paper is to study this pair in Loop quantum gravity (LQG) was introduced [11] andwas developed [12, 13].

The plan of this paper is as following: In Section 2 we have calculated the deceleration parameter and statefinder parameters for Loop quantum gravity. Section 3 deals with Holographic dark energy(HDE) and in section 4 we do the evaluations for New Agegraphic dark energy(NADE). In section 5 we provide a detailed and comparative graphical analysis. Finally the paper ends with a general discussion in section 6.

II. LOOP QUANTUM GRAVITY MODEL

Following the idea of loop Quantum Gravity (LQG) , universe evolved as an outstanding effort to describe the quantum effect of our universe [14–18]. Recently it has been reported that loop quantum cosmology is in relation to the teleparallelism mechanism of gravity as a geometrical theory on torsion [12].

Following the cosmological evolution of LQC [19] the new Friedmann equation reads [20–22]

H^2 = κ^2 3 ρ ( 1 − ρ ρ_1 ) . (3)

Here κ^2 = 8πG and ρ_1 = √ 3π^2γ^3G^2ℏ defines the ”‘critical loop quantum density”’ and γ is the dimensionless Barbero- Immirzi parameter. ρ = ρ_m + ρ_D represents the total cosmic energy density, which is a sum of energy density of DM (ρ_m) and the energy density of DE (ρ_D).

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

The conservation equations are

ρ̇_D + 3H (1 + ω_D) ρ_D = 0, (4)

ρ̇_m + 3Hρ_m = 0. (5)

Using (3) and the conservation identities, we can obtain the modified geometric Raychaudhuri equation

Ḣ = − κ^2 2 (ρ + p) ( 1 − 2 ρ ρ_1 ) . (6)

Let the dark energy obey the equation of state p_D = ω_Dρ_D. Using this expression for p_D and using the expression ρ_T = ρ = ρ_D + ρ_m for total cosmic energy density ρ we get,

Ḣ = − κ^2 2 (ρ_D + ρ_m + ωρ_D) ( 1 − 2 (ρ_D + ρ_m)

ρ_1 ) . (7)

We define two dimensionless density parameters as follows,

Ω_D = κ^2ρ_D 3H^2

, Ω_m = κ^2ρ_m 3H^2

. (8)

The deceleration parameter in terms of these dimensionless density parameters is given by,

q = −1 + 3 2 (2 − Ω_m − Ω_D) ( 1 + ω_DΩ_D Ω_m + Ω_D ) . (9)

From the expression of r, we have a relation between r and deceleration parameter q as,

r = 2q^2 + q − q̇ H . (10)

The time derivatives of the dimensionless density parameters Ω_m and Ω_D are given as, Ω̇_m = Ω_mH (2q − 1) . (11)

Ω̇_D = Ω_DH (2q − 3ω_D − 1) . (12)

Using equations (8) to (12) we get,

r = 2 [ −1 + 3 2 (2 − Ω_m − Ω_D) ( 1 + ω_DΩ_D Ω_m + Ω_D )]_2 − 1 + 3 2 (2 − Ω_m − Ω_D ) ( 1 + ω_DΩ_D Ω_m + Ω_D )

− 1 H [ 3 2 { −Ω_mH ( −3 + 3 (2 − Ω_m − Ω_D) ( 1 + ω_DΩ_D Ω_m + Ω_D )) − Ω_D H (−3 − 3Ω_D + 3 (2 − Ω_m − Ω_D ) ( 1 + ω_DΩ_D Ω_m + Ω_D ))}] ( 1 + ω_DΩ_D Ω_m + Ω_D ) + 3 2 [ 2 − Ω_m − Ω_D { ω̇_DΩ_D Ω_m + Ω_D + ω_DΩ_DH Ω_m + Ω_D

(−3 − 3Ω_D

+3 (2 − Ω_m − Ω_D) ( 1 + ω_DΩ_D Ω_m + Ω_D )) − 1 (Ω_m + Ω_D)^2

(ω_DΩ_D (Ω_mH (−3 + 3 (2 − Ω_m − Ω_D)

( 1 + ω_DΩ_D Ω_m + Ω_D )) + Ω_DH ( −3 − 3Ω_D + 3 ( 2 − Ω_m − Ω_D ( 1 + ω_DΩ_D Ω_m + Ω_D )))))}] . (13) s = 1 −3 +^9_2 ( 2 − Ω_m − Ω_D ( 1 +^{ωD ΩD}

Ω_m+Ω_D ) −^3_2 Ω_m ( 1 −^{3H2 (Ωm +ΩD )}

ρ_1 ) −^3_2 Ω_m ( 1 −^{3H2 (Ωm +ΩD )}

ρ_1 ))

[ 2 { −1 + 3 2 (2 − Ω_m − Ω_D) ( 1 + ω_DΩ_D Ω_m + Ω_D )}_2 − 1 + 3 2 (2 − Ω_m − Ω_D) ( 1 + ω_DΩ_D Ω_m + Ω_D )

− 1 H [ 3 2 { −Ω_mH ( −3 + 3 (2 − Ω_m − Ω_D) ( 1 + ω_DΩ_D Ω_m + Ω_D )) − Ω_D H (−3 − 3Ω_D + 3 (2 − Ω_m − Ω_D ) ( 1 + ω_DΩ_D Ω_m + Ω_D ))}] ( 1 + ω_DΩ_D Ω_m + Ω_D ) + 3 2 [ 2 − Ω_m − Ω_D { ω̇_DΩ_D Ω_m + Ω_D + ω_DΩ_DH Ω_m + Ω_D

(−3 − 3Ω_D

+3 (2 − Ω_m − Ω_D) ( 1 + ω_DΩ_D Ω_m + Ω_D )) − 1 (Ω_m + Ω_D)^2

(ω_DΩ_D (Ω_mH (−3 + 3 (2 − Ω_m − Ω_D) ( 1 + ω_DΩ_D Ω_m + Ω_D )) + Ω_DH ( −3 − 3Ω_D + 3 ( 2 − Ω_m − Ω_D ( 1 + ω_DΩ_D Ω_m + Ω_D )))))}]

−Ω_m ( 1 − 3H^2 (Ω_m + Ω_D) ρ_1 ) − Ω_D ( 1 − 3H^2 (Ω_m + Ω_D)

ρ_1 )] . (14)

III. HOLOGRAPHIC DARK ENERGY

For HDE [23, 24]following the naive idea of Cohen et al [25] we write the following equation for DE energy density:

ρ_{vac} ∼ Λ^4_{UV} ∼ M^2_p L^{−2}. (15)

or equivalently [26]

ρ_H = 3c^2M^2_p L^{−2}, (16)

where c sin O(1) is the holographic parameter and L is the IR-cutoff of the universe. with future event horizon of the universe as the IR cutoff, we have:

R_h = a ∫_∞ t dt a = a ∫_∞ a da^′ Ha^{′2} . (17)

Using equation (16) and conservation equation (4) the equation of state(EoS) parameter for holographic dark energy is given by,

Ω_D = 1 3 ( −1 − 2 c √ Ω_D ) , (18)

where Ω_D is the dimensionless density parameter of holographic dark energy(HDE) and the time derivative of the dimensionless density parameter for HDE is given by,

Ω̇_D = Ω_D H (1 − Ω_D ) ( 1 + 2 c √ Ω_D ) . (19)

Now the expression for the state parameter r is given by, r = 1 2c^2 (Ω_m + Ω_D)^3 [ −6Ω^2_mc ( 19 3 − 43 6 Ω_m + Ω^2_m ) Ω^{32}_D + 10Ω^6_m − 9cΩ^{112}_D + ( 30Ω_m − 26 + 2c^2 ) Ω^5_D

(25c − 33cΩ_m) Ω^{92}_D + ( 20 + 30Ω^2_m − 8c^2 + 12Ω_mc^2 − 74Ω_m ) Ω^4_D − 45 ( − 77 45 Ω_m + 2 5 + Ω^2_m ) cΩ^{72}_D

+ ( 10Ω^3_m + 6c^2 − 42Ω_mc^2 − 54Ω^2_m + 24c^2Ω^2_m + 48Ω_m ) Ω^3_D − 27 ( 40 27 + Ω^2_m − 95 27 Ω_m ) Ω_mcΩ^{52}_D

+ {( 20c^2 − 6 ) Ω^3_m + ( −74c^2 + 12 ) Ω^2_m + 28Ω_mc^2 } Ω^2_D + 6Ω^2_m ( Ω^2_m − 29 3 Ω_m + 19 3 ) c^2Ω_D

−18Ω^3_m ( Ω_m − 10 9 ) c^2 ] . (20)

The expression for the state parameter s is given by,

s = [{ − 1 2 c (Ω_m + Ω_D) Ω_m ( 1 − 3H^2 (Ω_m + Ω_D ) ρ_1 ) − 1 2 c (Ω_m + Ω_D ) Ω_D ( 1 − 3H^2 (Ω_m + Ω_D) ρ_1 )

+Ω^{52}_D − cΩ^2_D + (−2 + Ω_m) Ω^{32}_D + ( −1 − 5 2 Ω_m ) cΩ_D − 3 2 Ω_mc ( − 4 3 + Ω_m )} c (Ω_m + Ω_D)^2 ]_{−1}

1 6 [ −2c^2 (Ω_m + Ω_D )^3 Ω_m ( 1 − 3H^2 (Ω_m + Ω_D) ρ_1 ) − 2c^2 (Ω_m + Ω_D )^3 Ω_D ( 1 − 3H^2 (Ω_m + Ω_D) ρ_1 )

+ { (10 + Ω_m) a − 6Ω^2_m + 42Ω_m − 48 } cΩ^2_mΩ^{32}_D + { 6Ω^6_D − cΩ^{112}_D + ( 18Ω_m − 2c^2 − 10 ) Ω^5_D

+c (−1 − 3Ω_m) Ω^{92}_D + ( (2 − 6Ω_m) c^2 − 34Ω_m + 4 + 18Ω^2_m ) Ω^4_D − 3 ( Ω^2_m + 3Ω_m − 2 3 ) cΩ^{72}_D

−6Ω_m (( Ω_m − 2 3 ) c^2 − Ω^2_m − 8 3 + 5Ω_m ) Ω^3_D − cΩ_m ( −12 + Ω^2_m + 7Ω_m ) Ω^{52}_D − 2 (( −1 − 2Ω_m + Ω^2_m ) c^2

−6Ω_m + 3Ω^2_m ) Ω_mΩ^2_D + 2c^2Ω^2_m (Ω_m + 1) Ω_D } a + 4Ω^6_D − 8cΩ^{112}_D + ( −16 + 12Ω_m + 4c^2 ) Ω^5_D

+ (−30Ω_m + 26) cΩ^{92}_D + ( (18Ω_m − 10) c^2 + 12Ω^2_m + 16 − 40Ω_m ) Ω^4_D + ( 86Ω_m − 42Ω^2_m − 20 ) cΩ^{72}_D

+ (( −46Ω_m + 30Ω^2_m + 6 ) c^2 + 32Ω_m + 4Ω^3_m − 24Ω^2_m ) Ω^3_D − 26Ω_m ( Ω^2_m − 51 13 Ω_m + 2 ) cΩ^{52}_D

+22Ω_m ( − 39 11 Ω_m + 13 11 + Ω^2_m ) c^2Ω^2_D + 6c^2Ω^2_m ( −10Ω_m + 6 + Ω^2_m ) Ω_D − 18Ω^3_m ( Ω_m − 10 9 ) c^2 ] . (21)

FIG. 1: (Top Left) Time evolution of HDE density parameter and logarithmic scale factor. (Top Right) Evolutionary behavior of HDE density parameter versus logarithmic scale factor. (Bottom Left) Time evolution of statefinder parameter r. (Bottom Right) Time evolution of statefinder parameter s. While plotting, we adopted the following fixing of free parameters: a(0) = 1, ȧ(0) = H0 = 74, ΩD (0) = 0.73, c = 0.5, ρ1 = 0.187.

IV. NEW AGEGRAPHIC DARK ENERGY

Now for Agegraphic dark energy [28, 28, 30–32, 32, 33, 36, 37]we write [34, 35],

ρ_Λ ∼ 1 t_2t^2_p ∼ M^2_p t^2

, (22)

Now M_p is the reduced planck mass. So the dark energy density ρ_A of NADE model [36, 37] has the form,

ρ_A = 3n^2M^2_p η^{−2}, (23)

where 3n^2 ∼ O(1) and η is a conformal time .

Combining equations (21), (22) and conservation equation (2) the NADE equation of state(EoS) parameter is obtained as,

Ω_D = −1 + 2 3na √ Ω_D. (24)

The time derivative of the dimensionless density parameter of NADE is given by,

Ω̇_D = Ω_D H (1 − Ω_D ) ( 3 − 2 na √ Ω_D ) . (25)

The expression for the state parameter r is given by, r = 1 2n^2a^2 (Ω_m + Ω_D)^3 [ 6na ( 3 − 11 2 Ω_m + Ω^2_m ) Ω^2_mΩ^{32}_D + 10Ω^6_D − 9naΩ^{112}_D + (30Ω_m − 26) Ω^5_D

−21na (−1 + Ω_m) Ω^{92}_D + ( 20 + 30Ω^2_m − 74Ω_m ) Ω^4_D − 9 (Ω_m − 6) n ( Ω_m − 1 3 ) aΩ^{72}_D + ( 10Ω^3_m − 54Ω^2_m

+ ( 48 − 18n^2a^2 ) Ω_m + 2n^2a^2 ) Ω^3_D + 9n ( − 16 3 + 1 3 Ω_m + Ω^2_m ) aΩ_mΩ^{52}_D + ( −6Ω^3_m + ( −18n^2a^2 + 12 ) Ω^2_m

+24n^2a^2Ω_m ) Ω^2_D − 18n^2 ( Ω_m − 1 3 ) a^2Ω^2_mΩ_D − 18n^2a^2Ω^3_m ( Ω_m − 10 9 )] . (26)

The expression for the state parameter s is given by,

s = [ (Ω_m + Ω_D)^2 { 1 2 na (Ω_m + Ω_D) Ω_m ( 1 − 3H^2 (Ω_m + Ω_D)

ρ_1 ) + 1 2 na (Ω_m + Ω_D ) Ω_D

( 1 − 3H^2 (Ω_m + Ω_D) ρ_1 ) + (−2 + Ω_m) Ω^{32}_D + Ω^{52}_D + 3 2 na ( 2 3 + Ω_m ) Ω_D + 3 2 na ( − 4 3 + Ω_m ) Ω_m } na ]_{−1}

1 6 [ 2n^2a^2 (Ω_m + Ω_D)^3 Ω_m ( 1 − 3H^2 (Ω_m + Ω_D) ρ_1 ) + 2n^2a^2 (Ω_m + Ω_D)^3 Ω_D ( 1 − 3H^2 (Ω_m + Ω_D) ρ_1 )

−6na ( 3 − 11 2 Ω_m + Ω^2_m ) Ω^2_mΩ^{32}_D − 10Ω^6_D + 9naΩ^{112}_D + (26 − 30Ω_m) Ω^5_D + 21na (−1 + Ω_m) Ω^{92}_D

+ ( −30Ω^2_m − 20 + 74Ω_m ) Ω^4_D + 9 (Ω_m − 6) n ( Ω_m − 1 3 ) aΩ^{72}_D + ( −10Ω^3_m + 54Ω^2_m + ( −48 + 18n^2a^2 ) Ω_m

−2n^2a^2 ) Ω^3_D − 9n ( − 16 3 + 1 3 Ω_m + Ω^2_m ) aΩ_mΩ^{52}_D + ( 6Ω^3_m + ( −12 + 18n^2a^2 ) Ω^2_m − 24n^2a^2Ω_m ) Ω^2_D

+18n^2 ( Ω_m − 1 3 ) a^2Ω^2_mΩ_D + 18n^2a^2Ω^3_m ( Ω_m − 10 9 )] . (27)

Figures shown with caption Fig.1 describe the evolution of cosmic parameters of holographic dark energy. Here the top left and top right figures, the evolution of dark energy density parameter and evolution of scale factor. As is shown, the parameter Ω_D → 1 as ln a → 2. Moreover the loop quantum corrected r and s parameters are plotted in the bottom two figures, which show that they asymptote to 2 and 0.66 in the allowed range of time. Moreover the figures under the caption Fig.2 depict similar behavior quantitatively.

FIG. 2: (Top Left) Time evolution of NADE density parameter and logarithmic scale factor. (Top Right) Evolutionary behavior of NADE density parameter versus logarithmic scale factor. (Bottom Left) Time evolution of statefinder parameter r. (Bottom Right) Time evolution of statefinder parameter s. While plotting, we adopted the following fixing of free parameters: a(0) = 1, ȧ(0) = H0 = 74, ΩD (0) = 0.73, n = 0.5, ρ1 = 0.187.

V. CONCLUSION

The statefinder parameters r and s have been calculated for a Universe described by Loop quantum cosmology. Two dark energy models, namely Holographic dark energy and New Agegraphic dark energy have been considered and the statefinder parameters are calculated for these models separately in loop quantum cosmology. The trajectories in the r-t and s-t planes for these dark energy models characterize their individual properties. Unfortunately, do to complicated nature of statefinder parameters, we were unable to plot r-s diagrams.

[1] S. Perlmutter et al, Ap. J 517, 565 (1999). [2] D.N. Spergel et al, Astron. J. Suppl 148, 175 (2003). [3] A.G. Riess et al. Ap. J 607, 665 (2004).

[4] V. Sahni, T.D. Saini, A.A. Starobinsky, U. Alam, JETP Lett. 77, 201 (2003). [5] J. Albert, et al, astro-ph/0507458. [6] J. Albert, et al, astro-ph/0507459.

[7] S. ’i. Nojiri and S. D. Odintsov, Phys. Rept. 505 (2011) 59 [arXiv:1011.0544 [gr-qc]]. [8] S. ’i. Nojiri and S. D. Odintsov, AIP Conf. Proc. 1115 (2009) 212 [arXiv:0810.1557 [hep-th]]. [9] S. ’i. Nojiri and S. D. Odintsov, TSPU Bulletin N 8(110) (2011) 7 [arXiv:0807.0685 [hep-th]]. [10] S. ’i. Nojiri and S. D. Odintsov, eConf C 0602061 (2006) 06 [Int. J. Geom. Meth. Mod. Phys. 4 (2007) 115] [hep-th/0601213].

[11] A. Ashtekar, A. Corichi and P. Singh, Phys. Rev. D 77, 024046 (2008) [arXiv:0710.3565 [gr-qc]]. [12] K. Bamba, J. de Haro and S. D. Odintsov, JCAP 1302, 008 (2013) [arXiv:1211.2968 [gr-qc]]. [13] M. Jamil, D. Momeni and M. A. Rashid, Eur. Phys. J. C 71, 1711 (2011) [arXiv:1107.1558 [physics.gen-ph]]. [14] C. Rovelli, Liv. Rev. Rel. 1, 1 (1998).

[15] A. Ashtekar, J. Lewandowski, Class. Quantum. Grav. 21, R53 (2004). [16] A. Ashtekar, AIP Conf. Proc. 861, 3 (2006). [17] M. Bojowald, Liv. Rev. Rel. 8, 11 (2005).

[18] A. Ashtekar et al, Adv. Theor. Math. Phys. 7, 233(2003) [19] P. Wu, S.N. Jhang, JCAP 06, 007 (2008). [20] P. Wu, H. Yu, Class. Quant. Grav. 24, 4661 (2007). [21] S. Chen, B. Wang, J. Jing, Phys. Rev. D 78, 123503 (2008). [22] X. Fu, H. Yu, P. Wu, Phys. Rev. D 78, 063001 (2008). [23] L. Susskind, J. Math. Phys. 36, 6377 (1995). [24] G. t Hooft, gr-qc/9310026 [25] A. Cohen et al, Phys. Rev. Lett. 82, 4971 (1999). [26] M. Li, Phys. Lett. B 603, 1 (2004). [27] D. Hsu, Phys. Lett. B 594, 13 (2004). [28] R.G. Cai, Phys. Lett. B 657, 228 (2007). [29] H. Wei, R.G. Cai, Phys. Lett. B 663, 1 (2008). [30] J. Zhang, et al. Eur. Phys. J. C 54, 303 (2008). [31] N. Sasakura, Prog. Theor. Phys. 102, 169 (1999). [32] H. Wei, R.G. Cai, Phys. Lett. B 660, 113 (2008). [33] H. Wei, R.G. Cai, Eur. Phys. J. C 59, 99 (2009). [34] M. Maziashvili, Int. J. Mod. Phys. D 16, 1531 (2007). [35] Maziashvili, M,: Phys. Lett. B 652, 165 (2007).

[36] Karolyhazy, F. : Gravitation and quantum mechanics of macroscopic objects:- Nuovo Cim A 42 390 (1966). [37] Karolyhazy, F., Frenkel, A., Lukacs, B.: in Physics as natural Philosophy, edited by Shimony, A., Feschbach, H., MIT Press, Cambridge, MA, (1982).