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Abstract

A 5-dimensional cosmological solution in the model with two 2-forms and two

“phantom” scalar fields is considered. The model contains two dilatonic coupling

vectors obeying certain restrictions. It is shown that there exists a time interval

where accelerating expansion of “our” 3-dimensional space is compatible with a

small value of effective gravitational ”constant” variation.

Here we study the problem of G-dot in a simple 5-dimensional cosmological model
with two forms of rank 2 and two “phantom” scalar fields. (For variation of G in multi-
dimensional models see [1]-[7] and refs. therein).

The main problem here is to find an interval of synchronous time variable τ where
the scale factor of our 3-dimensional space exhibits an accelerated expansion according
to observational data [8, 9] while the relative variation of the effective 4-dimensional
gravitational constant is small enough in comparison with the Hubble parameter, see
[10, 11, 12] and refs. therein.

Recently it was shown in [5] that in the model with two non-zero curvatures there
exists a time interval of τ where an accelerating expansion of “our” 3-dimensional space
is compatible with small enough value of G-dot. In this paper we suggest an analogous
mechanism for the model with two 2-forms and two scalar fields (e.g. phantom ones)
when proper restrictions on dilatonic coupling vectors are obeyed.

We deal here with 5-dimensional cosmological solution in the model with two 2-forms
and two scalar ”phantom” fields. The model is governed by the action

S =

∫

d5z
√

|g|{R[g] + δαβg
MN∂Mϕα∂Nϕ

β −
∑

a=1,2

1

2
exp[2~λa~ϕ](F

a)2}. (1)

Here g = gMN(z)dz
M ⊗ dzN is 5-dimensional metric of pseudo-Euclidean signature

(−,+,+,+,+), F a = dAa is a 2-form, ~ϕ = (ϕ1, ϕ2) ∈ R
2 is a vector of two ”phantom”

scalar fields, ~λa ∈ R
2 is dilatonic coupling vector corresponding to the form F a, a = 1, 2.

In (1) |g| = | det(gMN)| and α, β = 1, 2.
Here we consider a cosmological solution for the following choice of vector couplings

~λ2

1 =
~λ2

2 = λ2 >
2

3
, (2)

~λ1
~λ2 = 1−

1

2
λ2. (3)
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The solution reads

ds2 = gMN(z)dz
MdzN = (4)

X2A
{

−dt2 + (dx1)2 + (dx2)2 + (dx3)2 +X−8ht2(dy)2
}

,

ϕα = −2h(λ1α + λ2α) lnX, (5)

F 1 = F 2 = qX−2tdt ∧ dy (6)

Here q is constant,

X = 1 + Pt2, P =
1

8h
q2 (7)

t is a time variable and

h =
3

2− 3λ2
, A =

4h

3
. (8)

This solution may be verified just by a substitution into equations of motion.
In what follows we use a ”synchronous” time variable τ = τ(t)

τ =

∫ t

0

dt̄[X(t̄)]A (9)

Since λ2 > 2

3
we get P < 0, h < 0 and A < 0. Let us consider two intervals of the

parameter A:
(a) A < −1, or 2/3 < λ2 < 2 (10)

and
(b) − 1 < A < 0, or λ2 > 2. (11)

For the first case (a) the function τ = τ(t) is monotonically increasing from 0 to
+∞, for t ∈ (0, t1), where t1 = |P |−1/2, while for the second case (b) it is monotonically
increasing from 0 to finite value τ1 = τ(t1).

The scale factor of 3-dimensional space is

a = XA. (12)

For the first branch (a) we get an asymptotical relation

a ∼ const τ ν , (13)

for τ → +∞, where

ν =
A

A + 1
=

4

6− 3λ2
(14)

and, due to (10), ν > 1. For the second branch (b) we obtain

a ∼ const (τ1 − τ)ν , (15)

for τ → τ1 − 0, where ν < 0 due to (11).
Thus, we are led to an asymptotical accelerated expansion of 3-dimensional factor

space in both cases a) and b) and a → +∞.
This accelerated expansion takes place for all τ > 0, i.e.

ȧ > 0, ä > 0. (16)
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Here and in what follows we denote ḟ = df/dτ .
Let us prove relations (16). Using the relation dτ/dt = XA (see (9)) we get

ȧ =
dt

dτ

da

dt
=

2|A||P |t

X
> 0, (17)

and

ä =
dt

dτ

d

dt

da

dτ
=

2|A||P |

X2+A
(1 + |P |t2) > 0. (18)

Now, let us consider the variation of effective gravitational constant G. For our model
the 4-dimensional gravitational ”constant” (in Jordan frame) is

G = const b−1 = X2At−1, (19)

where
b = X−2At (20)

is the scale factor of the ”internal” 1-dimensional space with the metric dy2.
The function G(τ) has a minimum at the point τ0 corresponding to

t0 =
|P |−1

1 + 4|A|
. (21)

At this point the variation ofG is zero. This follows from explicit relation for dimensionless
variation of G

δ = Ġ/(GH) = 2 +
1− |P |t2

2A|P |t2
. (22)

Here

H =
ȧ

a
(23)

is the Hubble parameter.
The function G(τ) is monotonically decreasing from +∞ to G0 = G(τ0) for τ ∈ (0, τ0)

and monotonically increasing from G0 to +∞ for τ ∈ (τ0, τ̄1). Here τ̄1 = +∞ for the case
(a) and τ̄1 = τ1 for the case (b).

The function b(τ) is monotonically increasing from zero to b(τ0) for τ ∈ (0, τ0) and
monotonically decreasing from b(τ0) to zero for τ ∈ (τ0, τ̄1).

We should treat only solutions with accelerated expansion of our space and small
enough variations of the gravitational constant obeying the present experimental con-
straint [10, 11]

|δ| < 0.1. (24)

Here like in the case of the model with two curvatures [5] the τ is restricted by the interval
containing τ0. It follows from (22) that in the asymptotical regions (13) and (15) δ → 2
that is not acceptable by experimental bounds (24). This restriction is satisfied for the
interval containing the point τ0 where δ = 0.

For small τ − τ0 we get the following approximate relation

δ ≈ (7 +
3

2
λ2)H0(τ − τ0), (25)

where H0 = H(τ0). This relation gives approximate bounds on values of time variable τ
allowed by the restriction on G-dot.
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Conclusions. Thus, here we have considered 5D cosmological solution with two
Abelian gauge fields and two phantom scalar fields. The solution contains two factor
spaces corresponding to ”our” 3-dimensional flat space and to 1-dimensional ”internal”
space. This solution takes place for special choice of dilatonic coupling vectors. We have
found that there exists a time interval of τ where an accelerating expansion of “our” 3-
dimensional space is compatible with small enough value of Ġ/G obeying the experimental
bounds.
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