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a b s t r a c t

We propose a new scenario for the onset of positive acceleration of our Universe based on symmetry
breaking in coupled dark energy scalar fieldmodel. In a symmetry breaking process where the scalar field
rolls down its own potential, the potential reduction is not in favor of acceleration. In our model, when
dark matter density becomes less than a critical value, the shape of the effective potential is changed
and, the quintessence field climbs up along its own potential while rolls down the effective potential.
We show that this procedure may establish the positivity of the potential required for the Universe to
accelerate. In addition, we show that by choosing an appropriate interaction between dark sectors there is
the possibility that the scalar field resides in a new vacuum giving rise to a positive cosmological constant
which is responsible for a permanent late time acceleration.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

To explain the positive acceleration of the Universe in the
present era many models have been introduced. The most simple
and natural candidate for dark energy is a cosmological constant
which was first introduced by Einstein to oppose gravitational
attraction resulting in a static universe. This idea was abandoned
after the Hubble discovery but resurfaced again later to describe
the present acceleration of the Universe [1]. The cosmological
constant compatible with observation is nearly 120 orders of
magnitude less than what is obtained by considering vacuum
energy in the standard particle physics framework with a cutoff at
the Planck scale. Hence it is reasonable to consider it as a constant
of nature [2]. In the cosmological constant model dark energy
density is constant and the equation of state parameter of dark
energy is always −1. This situation changes when dynamical dark
energies are employed.

A natural and simple model for dynamical dark energy is the
scalar fieldmodel [3]. In this type ofmodels, the acceleration of the
Universe depends on the potential considered for the scalar field.
This is similar to scalar field models of the early universe when
inflation occurs during slow roll for nearly flat potentials or during
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rapid oscillations for specific power law potentials [4]. Note that,
due to the presence of dark and ordinary matter at late times the
problem is not as straightforward as in the inflationary epoch [5].
An important specification of scalar fieldmodels is their usability in
the phenomenon of symmetry breaking in particle physics, where
the initial symmetric state becomes unstable and the system rolls
down to a new vacuum, breaking the initial symmetry [6]. Through
this formalism and in the context of dark energy models, when
the system leaves its false vacuum and settles down to a true
vacuum, the cosmological constant is reduced. This formalismwith
fine tuning of the initial conditions can be considered as a bridge
connecting the large value of the cosmological constant in the early
universe to its small value at late times [2].

In recent years some attempts have been made to relate the
onset of the acceleration of the Universe to symmetry breaking in
scalar field models. Inspired by [7] where the symmetry breaking
were used to end the slow roll inflation, a hybrid quintessence
model was introduced in [8]. In this model beside the dark energy
scalar field, another scalar field is present whose evolution causes
the symmetry to brake. In this framework, the Universe may
experience an acceleration while the scalar field is rolling down
the total potential and also when it settles to the new minimum,
provided that an appropriate potential is chosen. The same model
was used in [9] to describe the phantom divide line crossing.
In [10], due to the special form of the coupling of matter and scalar
field dark energy, an effective potential has been obtained such
that when the matter energy density becomes less than a critical
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value (determined by the parameters of the model) the symmetry
is broken; the scalar fields rolls down towards theminimum of the
effective potential and acceleration begins. In this model, dubbed
symmetron, the matter density plays the role of the trigger field
in the hybrid model. The same model has also been used to study
the onset of inflation [11]. In these models, the fields rolls down
along its own potential as well as the effective potential at the
same time. So if initially (before the symmetry breaking) the field
resides at the extremum of the unbroken effective potential, the
symmetry breaking which decreases the value of the potential
and increases the kinetic energy, is not in favor of the positive
acceleration. This issue will be explainedmore in the third section.
The acceleration obtained via numerical methods in these models
arises from a positive constant term which was initially included
(implicitly or explicitly) in the potential and has nothing to do
with the symmetry breaking. Indeed in these types of models the
symmetry breaking may be rather used to end the acceleration or
the inflation [7].

In this paper we introduce a new proposal for the onset of
acceleration based on symmetry breaking in a scalar field dark
energymodel in a spatially flat Friedmann RobertsonWalker space
time. In our model, after the effective potential shape is changed,
contrary to symmetron and hybrid models, the quintessence
climbs over its own potential. This procedure may establish the
positivity of the potential which is necessary for the acceleration
of the Universe.

The organization of the paper is as follows: In the second
section we derives the role of the scalar field potential in driving
the acceleration of the Universe. Our arguments upon which we
construct our model is based on this section. In the third section
webriefly review twoquintessencemodels inwhich the symmetry
breaking forces the scalar field to descend its own potential: the
hybrid and symmetron models.

In section four we introduce a new proposal for late time accel-
eration based on symmetry breaking where the scalar field climbs
over its own potential while descending down along the effective
potential after the effective potential shape is changed into the
form dictated by symmetry breaking. To do so, we need to con-
sider an appropriate interaction between the dark sectors which
is not linear in terms of dark matter energy density. In this con-
text, two frameworks are presented, one in which the form of
the interaction between dark sectors is borrowed from the scalar-
tensor theories but employs two dark energy scalar fields giving
rise to a transient acceleration and the other where we try to ob-
tain a permanent acceleration arisen from symmetry breaking by
employing appropriate interactions (not derived from an action)
between dark sectors of the Universe. In this case the Universe
tends to a de Sitter space time with positive acceleration. We also
examine the stability of the model and illustrate our results via
numerical depictions. Our motivation to propose this model, as
stated before, is that in a symmetry breaking procedure where the
scalar field rolls down its potential, as we will show, the poten-
tial reduction not only is not in favor of acceleration but also is
against it.

In our study, by ‘‘symmetry breaking,’’ we generally mean the
procedure where the potential gets the shape of a ‘‘symmetry breaking
potential’’ even though the field has not yet been settled at the new
minimum.

We use the units h̄ = c = 1.

2. Role of positive potential in driving the acceleration

In a spatially flat Friedmann Robertson Walker space-time,
filled (nearly) with dark matter ρ and dark energy scalar fields φi

with potentials V (φi), the Friedmann equations are
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where in terms of the scale factor a(t), the Hubble parameter is
given by H =

ȧ(t)
a(t) . A dot indicates time derivative andMP = 2.4 ×

1018 GeV is the reduced Planck mass. The positive acceleration of
the Universe is specified by ä > 0 which, by using Ḣ + H2
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ä
a2
,

leads to
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This can be rewritten in terms of the deceleration parameter q as

q = −
Ḣ + H2

H2
=

1
2
(1 + 3ω) < 0, (4)

where ω is the equation of state parameter of the Universe. From
(3), it is clear that to have a positive accelerationwe need a positive
potential which drives acceleration
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2
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In models trying to describe onset of acceleration via symmetry
breaking, the scalar field is initially settled down at a fixed point,
φ̇ = 0, then after the symmetry breaking it rolls down its
potential. Therefore in these models, after the symmetry breaking,
the potential decreases while the kinetic energy increases and
these make Ḣ + H2 more negative and so are not in favor of
acceleration as can be seen from (3). In the following section we
review two of these models and afterwards we will propose a
model which can associate the acceleration to symmetry breaking
in a concrete way.

3. A brief review and critical analysis of models ascribing
acceleration to symmetry breaking

In this part we study the possible relation between the
symmetry breaking and the positive acceleration of the Universe
in two well known scalar field models.

3.1. Hybrid quintessence

Based on the ‘‘hybrid inflation’’ model introduced in [7],
the Authors of [8] suggested a hybrid quintessence model to
study the present acceleration of the Universe. In this model an
additional scalar field ψ is employed to trigger the slow roll of
the quintessence field φ via symmetry breaking at late times. The
potential is taken as

V (φ, ψ) = βφ4
+ αφ2

+ hψ2φ2
+ λψ4

+ µψ2, (6)

where α, β , h, λ and µ are real constants satisfying {β > 0, λ >
0, µ < 0, α > 0, h < 0} and {h2

− 4λβ < 0, hµ− 2αλ > 0, hα−

2βµ > 0} [8]. When ψ2 < ψ2
c , where ψ2

c = −
α
h , the effective

mass squared ofφ is positive and this field is settled down toφ = 0.
But when ψ becomes greater than the critical value, ψ2 > ψ2

c ,
the squared effective mass of φ becomes negative. φ = 0 as the
localmaximumof the potential becomes anunstable state, henceφ
rolls down the potential, leading to the present acceleration of the
Universe as claimed in the scenario described in [8]. Finally these
fields settle down to the minimum of the potential and acquire
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