arXiv:0907.5265v1 [gr-qc] 30 Jul 2009

Decelaration/acceleration phases with the Higgs field

Vladimir Dzhunushaliev^∗ Institut für Physik, Universität Oldenburg, Postfach 2503, D-26111 Oldenburg, Germany;

Department of Physics and Microelectronic Engineering, Kyrgyz-Russian Slavic University, Bishkek, Kievskaya Str. 44, 720021, Kyrgyz Republic and Institute of Physics of National Academy of Science Kyrgyz Republic, 265 a, Chui Street, Bishkek, 720071, Kyrgyz Republic

Kairat Myrzakulov Dept. Gen. Theor. Phys., Eurasian National University, Astana, 010008, Kazakhstan

Ratbay Myrzakulov Dept. Gen. Theor. Phys., Eurasian National University, Astana, 010008, Kazakhstan^†

It is shown that the Einstein gravity + Higgs scalar field have cosmological regular solutions with deceleration/acceleration phases and with bouncing off from a singularity. The behavior of the solution near to a flex point is in detail considered.

I. INTRODUCTION

Supernova observations [1, 2] were the first to suggest that our universe is currently accelerating. For this acceleration now it is believed that as much as 2/3 of the total density of the universe is in a form which has large negative pressure and which is usually referred to as dark energy. It has been proposed number of various models aiming at the description of dark energy universe (for review, see [3]).

It is evidently that to have deceleration (where ä < 0) and acceleration (where ä > 0) phases it is necessary to have the moment with ä = 0. In this paper we show that the gravitating Higgs scalar field may have cosmological solutions with such property. Such solution exists only with a single value of cosmological constant.

II. NUMERICAL SOLUTION WITH DECELERATION/ACCELERATION PHASES

The aim of this section is to show that in the ordinary Einstein gravity interacting with the Higgs scalar field there exist solutions having the deceleration and acceleration phases. The corresponding Einstein + scalar field equations are R_{μν} − 1 2 g_{μν} R = κT_{μν} , (1) 1 √ −g ∂ ∂x^μ ( √ −gg^{μν} ∂ϕ ∂x^ν ) = − dV (ϕ) dϕ (2) where V (ϕ) is

V (ϕ) = λ 4 ( ϕ^2 − m^2

)_2

− V_0 (3)

ϕ is the Higgs field and the Lagrangian for the scalar field is L = 1 2 (∇_μϕ) (∇^μϕ) − V (ϕ), (4)

T_{μν} = (∇_μϕ) (∇_ν ϕ) − g_{μν} L. (5)

∗Electronic address: vdzhunus@krsu.edu.kg †Electronic address: cnlpmyra1954@yahoo.com

The quantity V_0 in Eq. (3) is identical to a cosmological constant. Later we will see that V_0 is defined uniquely in a flex point t_0 where ä(t_0) = 0.

We consider the cosmological metric

ds^2 = dt^2 − a^2(t) [ dχ^2 + sin^2 χ ( dθ^2 + sin^2 θdφ^2 )] . (6)

The equations for a(t) and ϕ(t) are

3ȧ^2 a^2 + 3 a^2 = κ [ ϕ̇2 2 + λ 4 ( ϕ^2 − m^2

)_2 − V_0 ] , (7) 2ä a + ȧ^2 a^2 + 1 a^2 = κ [ − ϕ̇2 2 + λ 4 ( ϕ^2 − m^2

)_2 − V_0 ] , (8)

ϕ̈ + 3ȧ ϕ̇ a = λϕ ( m^2 − ϕ^2 ) . (9)

For the deceleration phase we have ä(t) < 0, for the acceleration phase: ä(t) > 0. Consequently there is a flex point t_0 where

ä(t_0) = 0. (10)

Using the condition (10) and equations (7) (8) one can find the following constraints on the initial conditions and cosmological constant 2ȧ^2_0 a^2_0 + 2 a^2_0 = κ [ λ 4 ( ϕ^2_0 − m^2

)_2 − V_0 ] , (11)

2ȧ^2_0 a^2_0 + 2 a^2_0

= κϕ̇^2_0 (12)

where a_0 = a(t_0), ȧ_0 = ȧ(t_0), ϕ_0 = ϕ(0), ϕ̇_0 = ϕ̇(0). It means that the cosmological constant is defined uniquely

Λ = κV_0 = λ 4 κ ( ϕ^2_0 − m^2

)_2 − 2 ( ȧ^2_0 a^2_0 + 1 a^2_0 . ) (13)

For the numerical solution we introduce the dimensionless quantities x = t/ √ κ, ϕ √ κ → ϕ, a/ √ κ → a. Then the Eq’s (7)-(9) are

3ȧ^2 a^2 + 3 a^2 = [ ϕ̇2 2 + λ 4 ( ϕ^2 − m^2

)_2 − V_0 ] , (14) 2ä a + ȧ^2 a^2 + 1 a^2 = [ − ϕ̇2 2 + λ 4 ( ϕ^2 − m^2

)_2 − V_0 ] , (15)

ϕ̈ + 3ȧ ϕ̇ a = λϕ ( m^2 − ϕ^2 ) (16)

with the following initial conditions

a(0) = a_0, ȧ(0) = a_0, ϕ(0) = ϕ_0, ϕ̇_0 = − √ 2ȧ^2_0 + 2 a_0

. (17)

The numerical solution is presented in Fig’s 1-2. We see that thete are two type of solutions: regular and singular one. The regular solution exists for −∞ < t < +∞ and has bouncing off point and four flex points. The singular solution has one flex point only. The presented solution is symmetrical one relative to the bouncing off moment but there exist non-symmetrical solutions with the initial conditions different from (17).

The asymptotical behavior of the solution is a(t) ≈ a_∞e^t √_{−κV0} 3 , t → +∞, (18) a(t) ≈ a_∞e^{−t} √_{−κV0} 3 , t → −∞, (19) ϕ(t) ≈ −m + ϕ_∞e^{−αt}, α_{1,2} = √ −3κV_0 4 ± √ −3κV_0 4 − 2λm^2, |t| → ∞ (20)

FIG. 1: The profiles a(t) for regular (ȧ0 = 0.08) and singular (ȧ0 = 0.2) solutions. The parameters λ = 0.41, a0 =

1.0, ϕ0 = −0.0028; ϕ̇0 = −

√_{2ȧ20 +2} a0 , m = 0.603 are the same for both solutions.

FIG. 2: The profiles ϕ(t) for regular and singular solutions.

where a_∞, ϕ_∞ are constants. This solution can describe the inflation of Universe with the posterior standard decay of the scalar field.

It is useful to present the profile of a state equation (see, Fig. 3) in the form w = p ε = T^{11} T^{00} = ϕ̇^2

2 −^λ_4 ( ϕ^2 − m^2 ) + V_0 ϕ̇2 2 +^λ_4 (ϕ^2 − m^2) − V_0

(21)

where p is the pressure and ε is the energy density. Especially interesting is the behavior of w in the region x > x_0, i.e. in the acceleration region. We see that there 0 < w < −1.

FIG. 3: The profiles w(t) for the regular solution.

III. THE DECELERATION → ACCELERATION TRANSITION

In the preceding section we have shown that the Universe filled with the Higgs field may have the deceleration/acceleration phases and have presented the solution with a_0 ≈ l_{P l} ∝ √ κ. In this section we would like to investigate more carefully the solution near the flex point where the transition from the deceleration to acceleration phase is happened and with a_0 ≫ l_{P l} ∝ √ κ. It is not too hard to find the solution of equations set (7)-(9) in the following form

a(t) = a_0 + ȧ_0t + [ 4 ȧ_0 ( ȧ^2_0 + 1 ) a^2_0

+ λϕ_0 √ 2κ (ȧ^2_0 + 1) ( m^2 − ϕ^2_0 ) ] t^3 6 + · · · , (22)

ϕ(t) = ϕ_0 − 1 a_0 √ 2 ȧ^2_0 + 1 κ t + [ 3 ȧ_0 a^2_0 √ 2 ȧ^2_0 + 1 κ + λϕ_0 ( m^2 − ϕ^2_0 ) ] t^2 2 − [ 12 ȧ^2_0 a^3_0 √ 2 ȧ^2_0 + 1 κ + 3λ ȧ_0ϕ_0 a_0 ( m^2 − ϕ^2_0 ) + λ a_0 √ 2 ȧ^2_0 + 1 κ ( m^2 − 3ϕ^2_0 ) ] t^3 6 + · · · (23)

The deceleration parameter is q(t) = − aä ȧ^2 ≈ − a_0a_3 ȧ^2_0 t, (24)

a_3 = 4 ȧ_0 ( ȧ^2_0 + 1 ) a^2_0

+ λϕ_0 √ 2κ (ȧ^2_0 + 1) ( m^2 − ϕ^2_0 ) . (25)

More convenient in this approach is the modified deceleration parameter q(t) = − (a − a_0) ä ȧ^2 ≈ − a_3 ȧ_0 t^2 (26)

The Habble constant is H(t) = ȧ a ≈ ȧ_0 a_0 − ȧ^2_0 a^2_0 t + ( ȧ^3_0 a^3_0 + a_3 2 ) t^2. (27)

Let us remind that the time t is counted from the flex point moment t_0. Unfortunately it is not for a while yet unknown: is the solution with a_0 ≫ l_{P l} regular or singular, i.e has the solution bouncing off from a cosmological singularity or no.

IV. OUTLOOK

We have shown that the Einstein-Higgs gravity has cosmological solutions with the deceleration/acceleration phases. Additionally these solutions may have bouncing off from a cosmological singularity. The detailed investigation is made near the moment where the transition from the deceleration epoch to the acceleration one happens.

One question remains not clear in the carried out research: is the solution with big a_0 regular or it has singularity either in the past (Big Bang) or and in the future (Big Rip) or both ?

V. ACKNOWLEDGMENTS

I am grateful to the Research Group Linkage Program of the Alexander von Humboldt Foundation for financial support, to J. Kunz for invitation to Universität Oldenburg for research.

[1] A. Riess, et al, Astron. J., 116, 1009 (1998); astro-ph/9805201. [2] S. J. Perlmutter et al, Astroph. J., 517, (565) 1999; astro-ph/9812133. [3] T. Padmanabhan, Phys. Rept., 380 325 (2003);

E. Copeland, M. Sami ans S. Tsujikawa, hep-th/0603057; S. Nojiri and S. D. Odintsov, hep-th/0601213.