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ABSTRACT
I show that ordinary photons and neutrinos, obeying or
dinary laws of physics, can genefate repulsive gravitational for
ces, under especial circunstances.
I propose to interpret the primordial Big-Bang, extre-

melly hot stage of the Universe, as an example in the action of

my mechanism of creating a cosmic repulsion. '*



Gravity is a pure attpactive force. This seems a well
established fact of our exberience. Neverthe]ess, it may exist
certain especial circunstances in which usual radiation(photons,
neutrinos) may generate a repu]sive gravitationa] field. We in -
tend to prove such statement by giving here a model which is an
example of this. Let me stress from the Beginning that I do not
propose new laws of physics to appear in cosmic scales. The me-
chanism which I will desctibe js constructed based only on the
known laws of physics, which we believe today represents the best
description of the nature.

The theory is described by a Lagrangian L for a scalar
field ¢(x) non-minimally coupled to gravity and with a quartic
self-interaction; a metric field gﬁv(x); and radiation (photons ,
neutrinos); given by:
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This Lagrangian is!invariant under the gauge transfor
mation ¢ - eia¢, % = e'ja ¢* for arbitrary constant phase a. The
term o¢* is introduced in order to generate a breaking of this
symmetry for the constant solution ¢ = ¢, = constant.

Although we have introduced a cosmological positive
term in our theory, and thus admiting a fepu]sive force to be ma-
nifested in cosmical scale, it is a well-known fact that the value
of the energy associated to such A term is very small(]) and thus

it has not an important role in establishing the global features
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of the present and past of our Universe.
The importance of such A term comes from an indirect

way. As we will see next, such A induces the breaking'df symmetry



of the scalar field and this will provoke that the gravitational
field created by photons and neutrinos is repulsive.

Lr is the Lagrangian of a gas constituted by photons
and neutrinds; k is the Einstein constant which will be set equal
to 1, the velocity of Tigth is also made equal to 1.

The term - % R¢2 is the usual non-minimal coupling of
the scalar field ¢ with gravity.

The equations of motion obtained from (1) are:
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in which Tu is the energy-momentum tensor corresponding to Lr'
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In obtaining equation (2) we have used the value of the curvature

R, resulting by taking the trace of (3), as being equal to

R =m?2 ¢2 - 4A.

It is not difficult (2) to show that the existence of
a non-null A induces a breaking of symmetry of the ¢ field, that
is a non-vanishing solution ¢ = ¢y = constant, which minimizes‘

the energy (3) of the scalar field given by:
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The constant ¢, is equal to ! 2%5 .



It seems worth to remark that the existence of a sin-
gularity for the energy in the point ¢°= 6 separates the constant
solutions * ¢o in two uncomunicating regions(z).

In order to the value ¢, to be an extremum (minimum) of
E(¢) we are obliged to impose that the value of the constant o is
related to the cosmological constant through the relation o= %% .

Now, suppose thesystem is in the state ¢, (the argument
goes in the same way if the system is in the state ¢ = - ¢o).

Then, the equation for the metric tensor 91w reduces

to

R = 3m2 A ___ 3m? T (4)
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Remark that if the energy momentum tensor is not trace-free the
non-trivial constant solution ¢ = ¢, does not exist.

From equation (4) we conclude that the effect of aconstant
solution ¢ = ¢, is to renormalize the constants A and k, to the

values:

_ 3m? A
eff 2h-3m?

K _ 3k m? - 3m?
ren 3mZ-28 k 3m<-2A

(in which we used the value k = 1).

Thus, if the mass of the scalar field is such that
3m?2- 2A<0, the renormalized effective Einstein constant becomes
negative. We then conclude the important fact that the gravi -
tational field created by the radiation (photons, neutrinos) is

repulsive in the fundamental state ¢, of the scalar field.



The value m? = % A s critica] and a transition of phase
occurs at this point, once gravity changes sign when the mass of
the sca]ar field passes through that value.

Let me stress the fact that this mechanism does not
change any property of photons and neutrinos but only create a
medium in which the gravitational field generated by them becomes
repulsive.

Let us apply such result to our actual Universe. We know
that at the early stages of the Cosmos the dominating energy term
comes from the radiation (photons, neutrinos).

Thus, this satisfy one of the conditions of my mechanism.
If there is in nature a scalar field, the dynamics of which s
governed by the above Lagrangian, and such that the two following
conditions are satisfied:

(i) The mass of the scalar field is very small, and we

have

(that is, m < 10734

Mev)
(ii)The system (¢’guv’ photons, neutrinos) exist in the

fundamental state

62 = 902 = — ,

Then, in this situation photons and neutrinos generate a repulsive
gravitational field.

I suggest that this mechanism has an intimate connection

with the primordial explosion and may be the key to understand the



present expanding era of our Universe.
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