arXiv:gr-qc/0412075 v2 27 Oct 2005

Charge Tempered Cosmological Model

Mario Goto (mgoto@uel.br) Universidade Estadual de Londrina

Abstract

The main purpose of this work is to obtain the metric of a Charge Tempered Cosmological Model, a slightly modified Standard Cosmological Model by a small excess of charge density, distributed uniformly in accordance with the Cosmological Principle, the global Coulomb interaction incorporated in this metric. The particularity of this model is that the commoving observer referential where the metric belongs is non inertial, which consequence is that clocks at different position can not be synchronized. The new metric is constrained to k = 0, with dependence on a charge parameter, and related to a modified Friedmann equation, but it is constrained to a positive deceleration parameter and hyperbolic solution. Nevertheless, there are corrections to do, valid just for a long range distances. For example, the red shift has, now, dependences on the gravitational potential together the recessional motion. In any way, this model accepts as well the cosmological constant and its physical counterpart, the dark energy.

I. INTRODUCTION

It is a common sense that, among the two long range interaction we know, gravitational and electromagnetic, only the first, being universal and cumulative, can be responsible for the great scale cosmic dynamic. So, the Standard Friedmann and Robertson-Walker Cosmological Model^{[1−3]} uses as a recipe an universe with an uniform distribution of matter and energy, which the dynamic given solely by the gravitational interaction obeying Einstein equations, except at the primordial Big Bang inflation, where all the interaction is believed to be unified and obeying the Quantum Mechanics laws^{[4]}. As a result, we have an evolutionary, actually expanding universe, which must be decelerated due to the gravitational attractive interaction.

However, systematic observations of the recession velocities of type Ia supernova indicated a positive acceleration (or negative deceleration parameter) of the universe expansion^{[5−9]} . To take account to these observations, the cosmological constant was reintroduced in the Einstein equations, which gives us then the positively accelerated solutions^{[10−12]}. Physically, addition of the cosmological constant is equivalent to add an uniform and constant energy distribution with negative pressure responsible by the positive acceleration. It is known as dark energy, a counterpart of the dark matter used to solve the problem of stelar rotation in galaxies. The nature of the dark energy, as well as the dark matter, is not well understood, while the dark energy must be of the order of 70 per cent of the whole energy content of the universe, the dark matter 25 per cent and the normal matter just 5 per cent.

A natural way to introduce a repulsive acceleration is the Coulomb interaction between charged particles, and there are many attempts to deal with, but actual physics theories are strongly based upon symmetries and conservation laws, and one of the most stringent is the charge conservation. It is generally accepted that the universe as a whole have to be neutral because there is no mechanism for charge production in any actual theories like the Standard Model and other unified theories^{[13−15]}. The electromagnetic interaction^{[16]}, due to the presence of opposite charges, positive and negative, in perfect balanced amount, as it is believed, shouldn’t be relevant at the great cosmological scale. There are many works to show how much charge asymmetry is admissible to be in agreement with present data

[17−26].

Actually, we are not going to be stressed by such considerations because it is reasonable to think that they depend on the geometrical environment, which is considered as given by the Robertson-Walker metric

ds^2 = −dτ^2 = −dt^2 + R^2(t) [ dr^2 1 − kr^2 + r^2dθ^2 + r^2 sin^2 θdφ^2 ] , (1)

the building base of the Standard Cosmological Model. We are using the metric g^{μν} compatible with the Minkowskian metric η^{αβ} with diag(η^{αβ}) = (−1, 1, 1, 1).

The first thing we have to do is to conciliate the geometrical environment with the physics content. If the physics content includes charge excess, the geometrical environment should be changed because we are adding global non gravitational interaction in such a way that the commoving referential frame is not a free fall anymore.

Charged gravitational systems, in the context of General Relativity, has been objects of recent studies, specially for isotropic and with rotational symmetric systems as stars and black holes. In such studies, the electromagnetic energy is incorporated to the total energy and momentum tensor, and it contributes to the metric tensor to take account this additional gravitational interaction source. However, Coulomb interaction is not considered at all but for its global effects that cause instability of the system until the great part of the charge excess had got away, as in the charged black hole formation^{[27−31]}.

The region exterior to a spherically symmetric system with mass M and charge Q is described by the Reissner-Nordstrom metric,

dτ^2 = [ 1 − 2MG r + Q^2G r^2 ] dt^2 − [ 1 − 2MG r + Q^2G r^2 ]_{−1} dr^2 − r^2dθ^2 − r^2 sin^2 θdφ^2 . (2)

In the absence of charge, Q = 0, and obviously it remits to the well known Schwarzschild metric, dτ^2 = [ 1 − 2MG r ] dt^2 − [ 1 − 2MG r ]_{−1} dr^2 − r^2dθ^2 − r^2 sin^2 θdφ^2 . (3) A more generalized, taking into account a rotational symmetry, is the Kerr-Newman metric, for systems with angular momentum.

To make clear the role of the charge content of the Reissner-Nordstrom metric (2), let us go to write the equation of motion of a particle of mass m and charge q placed in a region of influence of this metric at radial distance r,

d^2x^i dτ^2 + Γ^i_{μν} dx^μ dτ dx^ν dτ = f^i_{ext} , (4) where f^i_{ext} is an external non gravitational force, actually the electrostatic force due to the charge Q. In Newtonian approximation, we have

m d^2x^i dt^2 + mΓ^i_{00} = F^i_{ext} (5) for Γ^i_{00} = − 1 2 η^{ij} ∂g_{00} ∂x^j = − 1 2 ∂g_{00} ∂x^i , (6) where g_{00} = − [ 1 − 2MG r + Q^2G r^2 ] (7) and η^{ij} are the spatial components of the Minkowskian metric. As the system is isotropic, the equation of motion reduces to its radial component m d^2r dt^2 = m 2 ∂g_{00} ∂r + F^r_{ext} . (8)

From (2), 1 2 ∂g_{00} ∂r = − MG r^2 + Q^2G r^3

, (9) and the equation of motion can be written as m d^2r dt^2 = −m [M − Qϕ(r)] G r^2

+ F^r_{ext} . (10)

It is clear the role of the charge component of the metric tensor as an additional gravitational source due to the electrostatic self energy Qϕ(r), where ϕ(r) = − Q r (11)

is the electrostatic potential, and the Coulomb interaction force between charges q and Q has to be put by hand. It is so because the charge term in the metric (2) is just related to the additional electromagnetic energy and momentum tensor put together with the matter source term of the Einstein equations.

II. COSMOLOGICAL MODEL

Let us go to consider the Standard Cosmological Model slightly modified by an uniform distribution of a small excess of electric charge, no matter where it is from. In cosmological scale, there is no chance the charges scape to get away. Instead, due to the electrostatic repulsion, any excess of charge will be distributed uniformly in the whole universe and the Coulomb interaction will act equally at all portion of the universe and certainly it is too much stronger than the gravitational force due to its electromagnetic energy. At this cosmological scale, matter and charge are constrained to move together due to a combined gravitational and electrostatic forces, and therefore, as the universe evolution is given by a scale factor, it is convenient to incorporate this global electrostatic interaction in the structure of the metric. It is the basic idea to build what one are going to name as the Charge Tempered Cosmological Model.

Of course, the charge distribution depends on the nature of a possible charge asymmetry, which can result in a charge distribution proportional to or independent of the matter distribution. For example, if this eventual excess of charges, positive or negative, is due to a proton-electron charge asymmetry, the charge distribution is likely to be proportional to the matter distribution. In the other hand, if it is from an asymmetry between the number of positive and negative charged particles like the matter-antimatter asymmetry, with a final excess of electrons in relation to protons or vice-versa, due to the electrostatic repulsion and the extreme mobility of the particles such as electrons, any excess of charge, positive or negative, will be distributed uniformly, surpassing any matter inhomogeneity and getting a complete annulation of the electromagnetic field, a scenario we are seeking for.

In an uniform universe, with matter, charge and anything else distributed uniformly, there is no vector field, and scalar fields such as the electrostatic potential must be spatially uniform. In such sense, Maxwell equations are insensitive to an uniform charge distribution. Actually, it is possible to think that the sources of Maxwell equations are related to the fluctuations of the positive or negative charge distribution around a sea of an uniform charge distribution that should be not necessarily neutral. From the electromagnetic point of view, the assumption that the total charge distribution of the universe is null may be so arbitrary as to assume that it is not so.

A. Commoving Referential

The Standard Cosmological Model is built on the basis of the Cosmological Principle, which postulates the homogeneity and isotropy of the universe, geometrically traduced by the Robertson-Walker metric (1), where the coordinates are defined on a commoving referential frame. It is locally inertial and the time coordinate can be defined to coincide with the proper time, dτ^2 = −g_{μν} dx^μdx^ν = −g_{tt}dt^2 = dt^2 , (12) which permits the synchronization of all clocks at rest in this commoving referential, and any object at rest will satisfy the free fall equation of motion, d^2x^i dτ^2 + Γ^i_{μν} dx^μ dτ dx^ν dτ = Γ^i_{tt} = 0 . (13)

So, it implies Γ^i_{00} = 1 2 g^{μi} ( ∂g_{0μ} ∂x^0 + ∂g_{0μ} ∂x^0 − ∂g_{00} ∂x^μ ) = g^{ij} ∂g_{j0} ∂x^0 = 0 (14)

and, since g^{ij} are components of a non singular matrix, ∂g_{j0} ∂x^0 = 0 , (15)

which is identically satisfied by the Robertson-Walker metric.

The absence of electrostatic field does not mean absence of electrostatic interaction between parts of the system. Actually, each part of the system acts, with a repulsive electrostatic force, on all the rest of the system, and while the total force on it is null, it implies that the system as a whole is under a nonzero pressure favor to increase the whole volume. Our present challenge is to incorporate the global Coulomb interaction into the metric, and we have to be ready to pay a just price for it. In a general case, it is not possible to make the geometrization of the electromagnetic interaction as it is done in gravitational interaction because the Equivalence Principle is valid just for gravitation. However, in an uniform distribution of the charge density in the whole universe, electromagnetic and gravitational forces, in a large cosmological scale, must work together because there is just only one degree of freedom to keep the homogeneity and isotropy of the Universe, and the commoving referential is not any more a free fall locally inertial system. As it acts globally, the Coulomb interaction can be incorporated into the metric as the responsible for the referential acceleration.

Let us consider the equation of motion of a electrically charged particle with charge q and proper mass m_0,

m_0 d^2x^λ dτ^2 + m_0Γ^λ_{μν} dx^μ dτ dx^ν dτ = qF^λ_μ dx^μ dτ , (16) which spatial component is m_0 d^2x^i dτ^2 + m_0Γ^i_{μν} dx^μ dτ dx^ν dτ = f^i_{ext} , (17)

where f^i_{ext} is the Coulomb force that, in the commoving referential, is f^r_{ext} = qF^r_μU^μ = qF^r_0U^0.

For the relativistic invariants p^μp_μ = −m^2_0c^4 and g_{μν} U^μU^ν = −1, where p^μ = m_0U^μ, we have, in the commoving referential, g_{00}U^0U^0 = −1, so that

U^0 = 1 √ −g_{00} and U_0 = √ −g_{00} (18)

and therefore

p^μ = m_0 ( U^0, U^i ) = m_0 √ −g_{00} ( c, v^i ) = m (c, v ) = ( E c , p ) . (19)

The radial equation of motion of a rest particle turn to be Γ^r_{μν} dx^μ dτ dx^ν dτ = f^r_{ext} m_0 = − q m √ −g_{00} E^rg_{00}U^0 = − q m √ −g_{00} E^rg_{00} 1 √ −g_{00} = q m E^r , (20)

where we are using the relativistic mass m = m_0/ √ −g_{00} and we are considering the isotropy.

So, in a commoving referential, any particle at rest must satisfy the condition

Γ^μ_{00}U^0U^0 − f^μ_{ext} m_0

= 0 (21)

or, considering radial symmetry, − Γ^r_{00} g_{00} − f^r_{ext} m_0

= 0 (22)

as well as − Γ^0_0 g_{00} − f^0_{ext} m_0

= 0 . (23)

For electrostatic force, due to the asymmetry of the electromagnetic tensor F^{μν} ,

f^0_{ext} = qF^0_0 dx^0 dτ = 0 (24)

such that we will have Γ^0_0 = 0.

From the affine connection

Γ^σ_{λμ} = 1 2 g^{νσ} { ∂g_{μν} ∂x^λ + ∂g_{λν} ∂x^μ − ∂g_{μλ} ∂x^ν } , (25)

considering the isotropy, we obtain, from equations (23) and(24),

Γ^0_0 = g^{r0} { ∂g_{0r} ∂x^0 − 1 2 ∂g_{00} ∂r } + 1 2 g^{00} ∂g_{00} ∂x^0 = 0 . (26)

Because it is possible, always, to impose g_{00} be time independent, it results

Γ^0_0 = g^{r0} { ∂g_{0r} ∂x^0 − 1 2 ∂g_{00} ∂r } = 0 . (27)

From the spatial equation (22), we have

Γ^i_{00} = g^{ri} ( ∂g_{0r} ∂x^0 − 1 2 ∂g_{00} ∂r ) ≠ 0 . (28)

Equations (27) and (28) are compatible only if g^{r0} = 0. Also, in a symmetric space, non diagonal components can be eliminated with a redefinition of the coordinates. After these considerations, we can go to construct the metric of our charge tempered universe.

B. Charge tempered metric

Let us consider the general form of the metric of an uniform space,

ds^2 = −dτ^2 = g_{00}(r)dt^2 + R^2(t)~g_{rr}(r)dr^2 + R^2(t)r^2 [ dθ^2 + sin^2 θdφ^2 ] , (29)

with the usual construction g_{rr} (r, t) = R^2(t)~g_{rr}(r) , (30) where R(t) is the space scale factor that carries the global time dependence of the radial coordinate, r(t) = R(t)r . (31) . Now, substitution of the component

Γ^r_{00} = − 1 2 g^{rr} ∂g_{00} ∂r (32)

of the affine connection in equation (22) leads to the condition 1 2 g^{rr} g_{00} ∂g_{00} ∂r = f^r_{ext} m_0 = F m , (33)

where F is the radial Coulomb force that acts on any region of the universe.

Let us consider a spherical region with radius r and charge Q, where Q = 4π 3 ρ_Qr^3 (34) for an uniform charge density ρ_Q. Now, let us take a small volume Δv with charge and mass contents, q = ρ_QΔv and m = ρΔv, respectively, where ρ is the uniform mass density and the small volume Δv is placed on the surface of the spherical region. The Coulomb force acting on Δv due to its charge q due to the charge Q is F = qQ r^2 = 4π 3 ρ^2_Q rΔv , (35)

corresponding to the force per mass unit F m = F ρΔv = 4π 3 ρ^2_Q ρ r . (36)

Substituted in (33), it results 1 2 g^{rr} g_{00} ∂g_{00} ∂r = 4π 3 ρ^2_Q ρ r . (37)

For a diagonal metric tensor, the orthogonality condition g^{μν} g_{νσ} = g^μ_σ = δ_{μσ} implies g^{μν} = (g_{μν} )^{−1}and, therefore g^{rr}(r, t) = R^{−2}(t)~g^{rr}(r), so equation (37) turn to be 1 R^2 ~g^{rr} g_{00} ∂g_{00} ∂r = 8π 3 ρ^2_Q ρ r . (38)

After separation of temporal and spatial dependences, we have 1 r ~g^{rr} g_{00} ∂g_{00} ∂r = 8π 3 ρ^2_QR^3 ρ = λ_Q , (39)

where λ_Q is the constant of separation of variables. The spatial part, using ~g^{rr}(r) = (~g_{rr}(r))^{−1}, becomes 1 g_{00} ∂g_{00} ∂r = λ_Q r~g_{rr} , (40)

and the temporal part defines the charge parameter

λ_Q = 8π 3 ρ^2_Q ρ R^3 . (41)

The metric functions g_{00}(r) and g_{rr} (r, t) must be obtained solving the Einstein equations R_{μν} = −8πGS_{μν} (42) together the constraint equation (40).

In principle, we must to add, explicitly, the electromagnetic energy contribution to the source term of the Einstein equations. But the electromagnetic energy must be uniformly distributed in such a way that it can be incorporated to the matter density ρ, so the energy momentum tensor will be the same perfect fluid of the Standard Model,

T_{μν} = pg_{μν} + (p + ρ)U_μU_ν . (43) The source term

S_{μν} = T_{μν} − 1 2 g_{μν} T^λ_λ = 1 2 g_{μν} (ρ − p) + (p + ρ)U_μU_ν (44) has the time-time S_{00} = − 1 2 (3p + ρ)g_{00} (45) and the three diagonal space-space S_{ij} = 1 2 g_{ij} (ρ − p) (46)

as the non zero components.

Spatial homogeneity and isotropy impose the metric in the form (29), its unknown components g_{00}(r) and g_{rr} (r, t) being connected by (40), the energy and matter distribution given by (43) and the constraint (41) for charged matter distribution, all of then related by Einstein equations (42).

The left side term of the Einstein equations (42) is the second order Ricci tensor

R_{μν} = R^λ_{μλν} , (47)

contraction of the Riemann curvature tensor R^λ_{μνκ} = ∂Γ^λ_{μν} ∂x^κ − ∂Γ^λ_{μκ} ∂x^ν + Γ^η_{μν} Γ^λ_{κη} − Γ^η_{μκ}Γ^λ_{νη} , (48)

fully dependent of the space-time geometry and its metric via affine connection (25), R_{μν} = ∂Γ^λ_{μλ} ∂x^ν − ∂Γ^λ_{μν} ∂x^λ + Γ^η_{μλ}Γ^λ_{νη} − Γ^η_{μν} Γ^λ_η . (49)

In particular, the non zero components of the Ricci tensor are

R_{00} = ∂Γ^λ_{0λ} ∂x^0 − ∂Γ^λ_{00} ∂x^λ + Γ^η_{0λ}Γ^λ_{0η} − Γ^η_{00}Γ^λ_η (50) and R_{ij} = ∂Γ^λ_{μλ} ∂x^j − ∂Γ^λ_{ij} ∂x^λ + Γ^η_{iλ}Γ^λ_{jη} − Γ^η_{ij} Γ^λ_η . (51)

Exhaustive and systematic calculations are necessary to obtain, first, all components of the affine connection, and then these Ricci tensor components. Components of the affine connection are given in the appendix, from which we can obtain the Ricci tensor. The time-time component (50) become

R_{00} = 3 ∘∘ R R + 3 2R^2 λ_Q g_{00} + 1 4R^2 ( λ_Q r − ∂~g^{rr} ∂r ) λ_Qr~g_{rr} g_{00} (52)

which, using equation (??), can be rewritten as

R_{00} = 3 ∘∘ R R + 3 2R^2 λ_Q g_{00} + 1 4R^2 1 ~g_{rr} ∂g_{00} ∂r ∂ ∂r [ln (g_{00} × ~g_{rr} )] , (53)

where we are using the auxiliary notation ∂R ∂t = dR dt =^∘R (54)

with large upper dot to indicate time derivative to distinguish it from the proper time derivative with normal upper dot ∂R ∂τ = dR dτ =^.R. (55)

The space-space component of the Ricci tensor, equation (51), can be decomposed as

R_{ij} = ∂Γ^0_{i0} ∂x^j − ∂Γ^0_{ij} ∂x^0 + ( Γ^0_{i0}Γ^0_{j0} + Γ^0_{ik} Γ^k_{j0} + Γ^k_{i0}Γ^0_{jk} ) − ( Γ^0_{ij} Γ^k_0 + Γ^k_{ij} Γ^0_k ) + ~R_{ij} (56)

where ~R_{ij} = ∂Γ^{kik} ∂x^j − ∂Γ^k_{ij} ∂x^k + Γ^k_{im}Γ^m_{jk} − Γ^k_{ij} Γ^m_k . (57)

The general expression valid for the space-space components is

R_{ij} = ∂ ∂r ( 1 2 λ_Qr~g_{rr} ) δ_{ir}δ_{jr} + ∂ ∂t ∘ RR g_{00} ~g_{ij} + ( 1 2 λ_Q r~g_{rr} (r) )_2 δ_{ir}δ_{jr} + ∘ R 2 g_{00} ~g_{ij} +

+ ( 1 2 ∂~g^{rr} ∂r δ_{ir}δ_{jr} + ~g^{rr} r δ_{iθ}δ_{jθ} + ~g^{rr} r δ_{iφ}δ_{jφ} ) ~g_{ij} ( 1 2 λ_Qr~g_{rr} ) + ~R_{ij} . (58)

The radial component can be written as

R_{rr} = R ∘∘ R + 2^∘R 2 g_{00} ~g_{rr} + 1 2 λ_Q~g_{rr} − 1 4 λ_Qr~g_{rr} ( ∂~g^{rr} ∂r − λ_Q r ) ~g_{rr} + ~R_{rr} (59) or the alternative form R_{rr} = R ∘∘ R + 2^∘R 2 g_{00} ~g_{rr} + 1 2 λ_Q~g_{rr} − 1 4 λ_Qr~g_{rr} ∂ ∂r ln (~g_{rr} × g_{00}) + ~R_{rr} , (60)

which contains additional compared with the two angular components. As the three diagonal space-space components of the Einstein equation must have the same form, the additional term of the radial equation can be eliminated by imposing the condition λ_Q r~g_{rr} + ~g^{rr} ∂~g_{rr} ∂r = 0 ⇔ ∂ ∂r ln (~g_{rr} × g_{00}) = 0 . (61)

This condition, applied to the time-time component given by equation (52) or (53), leads it to R_{00} = 3 ∘∘ R R + 3 2R^2 λ_Q g_{00} , (62) and the space-space components, equations (58), assume the general form R_{ij} = R ∘∘ R + 2^∘R 2 g_{00} ~g_{ij} + 1 2 λ_Q~g_{ij} + ~R_{ij} . (63) The condition (61), left equation, can be simplified, λ_Q r~g_{rr} + ~g^{rr} ∂~g_{rr} ∂r = 0 ⇒ λ_Q r~g_{rr} − ~g_{rr} ∂~g^{rr} ∂r = 0 , (64)

and rewritten in the simple form ∂~g^{rr} ∂r − λ_Q r = 0 , (65)

its solution given by ~g^{rr} = A + 1 2 λ_Qr^2 . (66) The same condition (61), right equation, ∂ ∂r ln (~g_{rr} × g_{00}) = 0 (67)

implies g_{00} = C ~g_{rr} = C~g^{rr} = C ( A + 1 2 λ_Qr^2 ) . (68) We are going to impose A = 1 and C = −1 such that, for λ_Q = 0, we will have ~g_{rr} = 1 and ~g_{00} = −1, as in the Robertson-Walker metric, equation (1), for the case k = 0. From such conditions, we get ~g_{rr} = 1 1 +^1_2 λ_Qr^2

(69) and g_{00} = − ( 1 + 1 2 λ_Qr^2 ) , (70)

the metric (29) taking the final form

ds^2 = −dτ^2 = − ( 1 + 1 2 λ_Qr^2 ) dt^2 + R^2(t) [ dr^2 ( 1 +^1_2 λ_Qr^2

) + r^2dθ^2 + r^2 sin^2 θdφ^2 ] . (71)

The scale factor R(t) define the time evolution of the universe, and must be obtained solving the Einstein equations (42). Remember that, to define completely the space-space components of the Ricci tensor (63), we need to obtain the terms ~R_{ij} defined in equation (57), which reduces to ~R_{ij} = 1 r ∂~g ∂r rr ~g_{ij} = λ_Q~g_{ij} , (72) using the components of affine connection given in the appendix. So, equation (63) becomes R_{ij} = R ∘∘ R + 2^∘R 2 g_{00} ~g_{ij} + 3 2 λ_Q~g_{ij} . (73) The metric (71) was built imposing just space homogeneity and isotropy as in the case of the Robertson-Walker metric, but it has a very important difference between them. Both are for commoving referential, but the Robertson-Walker was built such that the cosmological time coincides with the proper time of each observer referential and any observer at rest in any place will measure the same time. It is possible because all of them are local free fall referential.. On the other hand, in the charge tempered model, the commoving referential is not a free fall referential, but instead it is an accelerated referential, the acceleration due to the Coulomb force, and the metric (71) does not permit the synchronization of clocks at different place. The relation between the time in the commoving referential and the proper time is given by

−dτ^2 = g_{00}dt^2 ⇒ dt dτ = 1 √ −g_{00} . (74)

Relations between the time derivatives in relation to these two times are given by ∘ R = ∂R ∂x^0 = dR dτ ∂τ ∂t = √ −g_{00} dR dτ = √ −g_{00}^.R (75)

and, as the g_{00} is time independent, ∘∘ R = √ −g_{00} d^∘R dτ = −g_{00} d^2R dτ^2 = −g_{00}^{..}R , (76) where_. R = dR dτ ,^{..}R = d^2R dτ^2 , etc.. (77) define proper time derivatives. Using such relations, the time-time and space-space components, (62) and (73) become

R_{00} = −3 .. R R g_{00} + 3 2R^2 λ_Q g_{00} (78) and R_{ij} = − ( R^{..}R + 2^.R^2 ) ~g_{ij} + 3 2 λ_Q~g_{ij} , (79) respectively..

From the time-time component of the Einstein equations (42),

R_{00} = −8πGS_{00} , (80)

the Ricci tensor component (78) and the source term (45), we obtain

R^{..}R = 1 2 λ_Q − 4π 3 GR^2(ρ + 3p) . (81) From the space-space components of the Einstein equations, R_{ij} = −8πGS_{ij} , (82) which the Ricci tensor and the source components given by (79) and (46), respectively, results R^{..}R + 2^.R^2 = 3 2 λ_Q + 4πGR^2(ρ − p) (83) which, combined with the acceleration equation (81) results the velocity equation

H^2 = . R^2 R^2 = 1 2 λ_Q R^2 + 8π 3 Gρ , (84) the charge tempered model version of the Friedmann equation. Apart from the algebraic relations of the equations (81), (83) and (84), there is a differential constraint, also, in such a way that the Friedmann equation (84) derived once in relation to the time variable must leads back to equation (81). It implies the differential relation ∂ ∂R ( ρR^3 ) = −3pR^2 + 3λ_Q 8πG (85) or, equivalently, ∂(ρR^2) ∂R = − (3p + ρ) R + 3λ_Q 8πGR . (86) Considering that the charge parameter (41) is consistent with ρ ∝ R^{−3} dependence, that is, ∂ ∂R ( ρR^3 ) = 0 ⇔ ρ = ρ_0 R^3

(87) one has the pressure equation

3pR^2 = 3λ_Q 8πG ⇔ p = λ_Q 8πGR^2 . (88)

This last equality, substituted in (81), implies a negative defined acceleration, R^{..}R = − 4π 3 GR^2ρ < 0 , (89)

and a positive defined deceleration parameter, q = − R^{..}R_. R^2 = 4π 3 GR^2ρ 1 2 λ_Q +^{8π}_3 GρR^2

> 0 . (90)

To have a positive acceleration (negative deceleration parameter) it is necessary positive energy (k = −1), not allowed for a charged model, which demands k = 0.

C. Solution of Friedmann Equation

Let us consider the Friedmann equation (84) as differential equation, ( dR dτ )_2 = 8πGρ_0 3R + λ_Q 2 , (91) where the charge parameter λ_Q = 2H^2_0 (1 − Ω_0) (92) is given in terms of the Hubble constant and the density parameter Ω = ρ/ρ_c evaluated at present time, H_0 and Ω_0 = ρ_0/ρ_{c,0}, respectively, where the mass density critical value is defined as usual, H^2 = 8πG 3 ρ_c . . Using auxiliary variables D = 16πGρ_0 3λ_Q = Ω_0 (1 − Ω_0)

(93) and dt^′ = √ λ_Q 2 dτ = H_0 √ (1 − Ω_0)dτ , (94) Friedmann equation assumes the simple form ( dR dt^′ )_2 = D R + 1 , (95)

which parametric solution given by R = Ω_0 (1 − Ω_0) sinh^2 ψ =

Ω_0 2 (1 − Ω_0)

(cosh 2ψ − 1) (96) and t = 1 H_0

Ω_0 2 (1 − Ω_0)^{3/2}

(sinh 2ψ − 2ψ) . (97)

Notice that in this charged environment, while k = 0, Ω_0 ≠ 1, with a charge dependence on the mass density related by

ρ_0 = Ω_0ρ_{c,0} = ρ_{c,0} − 3 16πG λ_Q . (98)

For a present matter density (forgetting for a moment the dark energy and dark matter densities) ρ_0 ≃ 0.03ρ_{c,0} , using G = 6.67259 × 10^{−8} cm^3/(g.s^2), ρ_{c,0} ≃ 1.88 × 10^{−29}g/cm^3 and e = 4.8032 × 10^{−10}esu = 4.8032 × 10^{−10} √ gcm^3/s, one obtain

λ_Q = 16πG 3 (ρ_{c,0} − ρ_0) = 2.04 × 10^{−35} × 1/s^2 (99) and ρ_{Q,0} = 2.5 × 10^{−24} e cm^3 ≈ e (1000km)^3

. (100)

An interesting relation can be obtained equations (41) and (92),

ρ^2_{Q,0} = 2Gρ^2_{c,0}Ω_0 (1 − Ω_0) ,

imposing an upper limit to the charge density, ρ_{Q,0} ≲ ρ_{c,0} √ G/2 ≈ 7 × e (1000km)^3 , where e is the absolute value of the electron charge.

Equations (96) and (97) give us the age of the universe

t_0 = 1 H_0

Ω_0 2 (1 − Ω_0)^{3/2}

(sinh 2ψ_0 − 2ψ_0) , (101) where the parameter ψ_0 is obtained imposing the condition R(ψ_0) = 1,

sinh ψ_0 = √ (1 − Ω_0)

Ω_0

. (102)

It is to note that as Ω_0 → ∞, the charge distribution is going to vanish, λ_Q → 0, the equation (97) going to

ψ = (1 − Ω_0)^{1/2} ( 3 2 H_0t )_{1/3} (103)

in such a way that (96) is going to R(t) = 1 (1 − Ω_0) ψ^2 = ( 3 2 H_0t )_{2/3} , (104)

the usual solution of the Friedmann-Robertson-Walker standard model for the case k = 0.

D. Red Shift

A non relativistic Doppler effect due to the recessional kinetic motion is given by

λ_0 = λ_1 (1 + β_1) ,

where λ_0 and λ_1 are the observer (at position r_0) and the source (at position r_1) wave length, respectively, and β_1 is the source recession velocity. Now, there is a gravitational red shift due to the time dilatation, equation (74), which implies

λ_0 = λ_1 √ −g_{00}(r_1) , and, to the first order approximation, it is to be combined as

λ_0 λ_1 = 1 + β_1 √ −g_{00}(r_1)

. (105)

On the other hand, from (31), the radial velocity is given by v(t) = dr dt =^.R dτ dt r_0 = √ −g_{00}(r)H(t) r(t) , (106)

which at the present time is going to be

v(t_0) = √ −g_{00}(r)H_0 r(t_0) , (107) the Hubble law, now modified by the g_{00}(r) potential term. This potential term correction, for a charge parameter value given by (99), turn to be relevant only at a distance near about Gpc. Also, for a light signal travelling from the source at distance r_1 to the observer, the first wave front emitted at time t_1 and the next at the time t_1 + T_1, arriving to the observer at time t_0 and t_0 + T_0, respectively, one obtain the relation T_1 T_0 = λ_1 λ_0 = R(t_1) R(t_0)

= R(t_1) (108)

such that the red shift parameter is

z_1 = λ_0 − λ_1 λ_1 = 1 R(t_1)

− 1 =

1 + β_1 √ −g_{00}(r_1)

− 1 , (109)

with the inverse relation R(z_1) = 1 z_1 + 1 = √ −g_{00}(r_1) 1 + β_1

(110) and the velocity as a function of the parameter of red shift,

β_1 = (z_1 + 1) √ −g_{00}(r_1) − 1 . (111a)

This last equation can be combined with equation (106), resulting

z_1 = H_0 r_1(t_0) + 1 √ −g_{00}(r_1)

− 1 ≃ H_0 r_1(t_0) . (112)

III. CONCLUSION

A charge tempered cosmological model is proposed to describe an universe with a small charge asymmetry, which excess is distributed uniformly in accordance to the Cosmological Principle. A very characteristic of this charged model is a non inertial observer commoving frame of reference, which implies a metric with a potential term carried by the time-time component of the metric tensor. Another important feature is that an unique possibility is for a metric with the curvature parameter k = 0, in such a way that the amount of any excess of charge is strongly constrained to the Coulomb force does not surpass the gravitational one (which can occur just for k = −1). As a consequence, there is not allowed to be responsible of the positive acceleration of the recessional motion of the universe, as shown by the positive defined deceleration parameter.

Reduction of the Einstein equations to a modified Friedmann equation is done, as well as its solution obtained. While k = 0, it does not mean that the matter density is equal to the critical one; instead, the small charge parameter can simulate a k = −1 condition, as suggested by the hyperbolic solution of the Friedmann equation. As a final remark, positive acceleration can be obtained as usual, introducing the cosmological constant and its physical counterpart, the dark energy. It remains to be necessary, also, to correct the problem of the age of the universe, which seems not affected by the charge asymmetry.

[1] Steven Weinberg, Gravitation and cosmology: principles and applications of the general theory of relativity, John Wiley & Sons, NY (1972).

[2] T. Padmanabhan, Cosmology and Astrophysics through problems, Cambridge Univ. Press, (1996).

[3] Louis Berman and J. C. Evans, Exploring the Cosmos (third edition), Little, Brown and Company (1980).

[4] David H. Lyth and Antonio Riotto, Particle physics models of inflation and the cosmological density perturbation, Phys. Reports 314 (1999) 1-145.

[5] Masataka Fukugita, The global cosmological parameters, astro-ph/0005069. [6] A. Branchard, Cosmological parameters: fashion and facts, astro-ph/0301137 [7] Ruth A. Daly and S. G. Djorgovski, Direct constraints on the properties and evolution of dark energy, astro-ph/0405550.

[8] Moncy V. John, Cosmographic evaluation of deceleration parameter using SNe Ia data, astroph/0406444.

[9] Yungui Gong, Model independent analysis of dark energy I: Supernova fitting result, astroph/0405446.

[10] Eric A. Lord, Tensors Relativity and Cosmology, McGraw-Hill, New Delhi (1979). [11] Bradley W. Carrol and Dale A. Oltlie, An Introduction to Modern Astrophysics, Addison- Wesley, Reading (1996).

[12] John F. Hawley & Katherine A. Holcomb, Foundations of Modern Cosmology, Oxford Un.

Press, New York (1998).

[13] Pierre Ramond, Field Theory: a modern primer (second edition) Addison Wesley, Reading

(1990).

[14] Walter Greiner and Joachim Reinhardt, Field Quantization, Springer (1996). [15] Wu-Ki Tung, Group Theory in Physics, World Scientific, Singapore (1985). [16] John D. Jackson, Classical Electrodynamics, John Wiley & Sons, New York (1965). [17] R. A. Lyttleton and H. Bondi, Proc. Roy. Soc. (London), A252 (1959) 313. [18] S. Orito and M. Yoshimura, Can the Universe be charged?, Phys. Rev. Letters 54 (1985) 2457-2460.

[19] Alexandre Dolgov and J. Silk, Electric charge asymmetry of the Universe and magnetic field generation, Phys. Rev. D47 (1993) 3144-3150.

[20] S. Sengupta, P.B. Pal, Constraints on cosmic electric charge asymmetry and neutrino charge from the microwave background, Phys. Lett. B 365 (1996) 175-177.

[21] Sujan Sengupta, Binary pulsar PSR B1913 + 16 constrains the electron-proton charge asymmetry, Phys. Letters B 484 (2000) 275-277.

[22] A.B. Lahanas et al, Charge asymmetry in two-Higgs doublet models, Phys. Letters B 472 (2000) 119-128.

[23] David Saltzberg et al, Observation of the Askaryan effect: coherent microwave Cherenkov emission from charge asymmetry in high-energy particle cascades, Phys. Rev. Letters 86 (2001) 2802-2805.

[24] Eduard Massó, Francesc Rota, Primordial helium production in a charged universe, Phys.

Letters B 545 (2002) 221-225.

[25] J. Bernabéu and S. Palomares-Ruiz, The sign of Δm^2_{31} and the muon-charge asymmetry for atmospheric neutrinos, Nucl. Phys. B (proc. Suppl.) 110 (2002) 339-341.

[26] T. K. Gaisser, Todor Stanev, Charge ratio of muons from atmospheric neutrinos, Phys. Letters B 561 (2003) 125-129.

[27] D. N. Pant and A. Sah, Charged fluid sphere in general relativity, J. Math. Phys. 20 (1979) 2537-2539.

[28] Ramesh Tikekar, Spherical charged fluid distributions in general relativity, J. Math. Phys. 25 (1984) 1482-1483.

[29] Richard Conn Henry, Kretschmann Scalar for a Kerr-Newman Black Hole, Astrophysical J.

535 (2000) 350-353.

[30] S. M. Blinder, General Relativistic Models for the Electron, Rep. Math. Phys. 47 (2001) 279-

285.

[31] S. Ray et al, Electrically charged compact stars and formation of charged black holes, astroph/0307262 v2.

Appendix

It contains all of the 40 independent components of the affine connection

Γ^λ_{μν} = 1 2 g^{σλ} { ∂g_{νσ} ∂x^μ + ∂g_{μσ} ∂x^ν − ∂g_{νμ} ∂x^σ } : Components Γ^0_{λμ}:

Γ^0_0 = 1 2 g^{00} ∂g_{00} ∂x^0 = 0 Γ^0_{r0} = 1 2 g^{00} ∂g_{00} ∂r = 1 2 λ_Q r~g_{rr}(r) Γ^0_{θ0} = Γ^0_{φ0} = 0

Γ^0_{rr} = − 1 2 g^{00} ∂g_{rr} ∂x^0 = − ∘ RR g_{00} ~g_{rr} Γ^0_{rθ} = Γ^0_{rφ} = 0

Γ^0_{θθ} = − 1 2 g^{00} ∂g_{θθ} ∂x^0 = −R^∘Rg^{00}~g_{θθ} = − R^∘R g_{00} ~g_{θθ} Γ^0_{θφ} = 0

Γ^0_{φφ} = − 1 2 g^{00} ∂g_{φφ} ∂x^0 = − R^∘R g_{00} ~g_{φφ} Components Γ^r_{λμ}:

Γ^r_{00} = − 1 2 g^{rr} ∂g_{00} ∂r = − 1 2R^2 ~g^{rr}λ_Q r~g_{rr}g_{00} = − 1 2R^2 λ_Q rg_{00}

Γ^r_0 = 1 2 g^{rr} ∂g_{rr} ∂x^0 = 1 2 ~g^{rr} R^2 2R^∘R~g_{rr} = ∘ R R Γ^r_{θ0} = Γ^r_{φ0} = 0

Γ^r_r = 1 2 g^{rr} ∂g_{rr} ∂r = − 1 2 ∂~g^{rr} ∂r ~g_{rr} Γ^r_{θr} = Γ^r_{φr} = 0

Γ^r_{θθ} = − 1 2 g^{rr} ∂g_{θθ} ∂r = −~g^{rr}r = − ~g^{rr}~g_{θθ} r Γ^r_{φθ} = 0

Γ^r_{φφ} = − 1 2 ~g^{rr} ∂~g_{φφ} ∂r = −r~g^{rr} sin^2 θ = − ~g^{rr}~g_{φφ} r

Components Γ^θ_{λμ}:

Γ^θ_{00} = − 1 2 g^{θθ} ∂g_{00} ∂θ = 0 Γ^θ_0 = 1 2 g^{θθ} ∂g_{θθ} ∂x^0 = 1 2 ~g^{θθ} R^2 2R^∘R~g_{θθ} = ∘ R R Γ^θ_{r0} = Γ^θ_{φ0} = 0

Γ^θ_{rr} = − 1 2 g^{θθ} ∂g_{rr} ∂θ = 0 Γ^θ_r = 1 2 g^{θθ} ∂g_{θθ} ∂r = ~g^{θθ} r~g_{θθ} = ~g^{θθ} ~g_{θθ} r = ~g_{θθ} r^3 Γ^θ_{φr} = 1 2 g^{θθ} { ∂g_{rθ} ∂φ + ∂g_{φθ} ∂r − ∂g_{rφ} ∂θ = 0 }

Γ^θ_θ = 1 2 g^{θθ} ∂g_{θθ} ∂θ = 0 Γ^θ_{φθ} = 1 2 g^{θθ} ∂g_{θθ} ∂φ = 0 Γ^θ_{φφ} = − 1 2 ~g^{θθ} ∂~g_{φφ} ∂θ = − cos θ sin θ ~g^{θθ} ~g_{φφ} = − sin θ cos θ Components Γ^φ_{jk} :

Γ^φ_{00} = − 1 2 g^{φφ} ∂g_{00} ∂φ = 0 Γ^φ_{r0} = Γ^φ_{θ0} = 0

Γ^φ_0 = 1 2 g^{φφ} ∂g_{φφ} ∂x^0 = ∘ R R Γ^φ_{rr} = Γ^φ_{θr} = 0

Γ^φ_r = 1 2 ~g^{φφ} ∂~g_{φφ} ∂r = ~g^{φφ}r sin^2 θ = ~g^{φφ}~g_{φφ} r Γ^φ_{rθ} = Γ^φ_{θθ} = 0

Γ^φ_{θφ} = 1 2 ~g^{φφ} ∂~g_{φφ} ∂θ = cos θ sin θ ~g^{φφ}~g_{φφ} Γ^φ_φ = 1 2 g^{φφ} ∂g_{φφ} ∂φ = 0