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Abstract In this paper, we study a cosmological model in
the background of Friedmann–Lemaitre–Robertson–Walker
(FLRW) space time by assuming an appropriate parametriza-
tion in the form of a differential equation in terms of energy
density of scalar field ρφ , which is defined as Energy Density
Scalar Field Differential equation (EDSFD) parametrization.
The EDSFD parametrization leads to a required phase transi-
tion from early deceleration to present cosmic acceleration.
This parametrization is used to reconstruct the equation of
state parameter ωφ in terms of redshift z i.e. ωφ(z) to examine
the evolutionary history of the universe in a flat FLRW space
time. Here, we constrain the model parameter using the vari-
ous observational datasets of Hubble parameter H(z), latest
Union 2.1 compilation dataset SNeIa, BAO , joint dataset
H(z)+ SNeIa and H(z)+ SNeIa+ BAO for detail analy-
sis of the behavior of physical parameters and we find its best
fit present value. Also, we discuss the dynamics of reheating
phase after inflation, analyse the behaviors of the physical
features using some diagnostic tools, and examine the via-
bility of our parametric model.

1 Introduction

Since 1998, a substantial amount of observational data com-
ing from various probes such as Type Ia Supernovae (SNeIa)
[1], Cosmic Microwave Radiation Background (CMB) [2],
Large Scale Structures (LSS) [3,4], Wilkinson Microwave
Anisotropy Probe (WMAP) [5,6], Sloan Digital Sky Sur-
vey (SDSS) [7], Baryon Acoustic Oscillations (BAO) [8],
weak lensing [9] and recent Planck collaboration [10,11]
has shown and confirmed the accelerating expansion of the
Universe. Figuring out the reason of acceleration of the Uni-
verse has been a major challenge to our cosmologists. To
deal with this problem, there could be two possible actions:
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the first approach is to modify the energy momentum tensor
(EMT) which likely contribute some amount of anti gravita-
tional force to produce acceleration in the Universe, another
way is to modify the geometry part in the Einstein Hilbert
(EH) action, which is same as to modify General Theory of
Relativity (GR).

In order to keep GR unaltered and yield an acceleration,
a negative pressure fluid must be added to the content of the
Universe. In this structure, Einstein suggested the cosmologi-
cal constant �, which comes into sight as the most fascinating
candidate to the dark energy (DE) because it acts on the field
equations like a fluid with p� = −ρ� and it can be related
with the point of zero energy in the quantum fields. However,
the � leads to a huge variation between observation and the-
ory despite its constancy with numbers of the cosmological
data [16]. This variation has generated DE models beyond
the �. Such DE models construct some unspecified sym-
metries which reduce the effect of the vacuum energy (VE)
contribution. If the vacuum energy (VE) cannot be dropped
off, then an additional attempt to reduce the inconsistency
between theory and observation is to assume that � develop
gradually with time. This expectation signify that the dark
matter (DM) and the vacuum energy (VE) are not conserved
independently. The phenomenological DE models specified
by ω = pDE

ρDE
, the ratio of pressure to density, and the vacuum

decay scenarios are built to get the standard �CDM model
with equation of state (EoS) ω� = −1 as a special case. This
is due the success of the �-term in describing the current
observations. Several authors have discussed the DE models
using various recent observations [12–15].

The issues related to the fine tuning problem and cos-
mic coincidence problem, which are connected with stan-
dard �CDM motivate us to work on some other types of
DE models [16,17]. The DE phenomenon as an effect of dis-
sipation like bulk viscosity investigated in cosmic medium
are available in many articles in the literature [18,19]. There-
fore, the dynamical dark energy models came in to existence
to the resolve the difficulties related �CDM model [20,21].
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A large variety of scalar field DE models have been proposed
in literature [22–25]. The most acceptable and popular DE is
quintessence scalar field, which serves as a dynamical quan-
tity with variable density in space time and can be attrac-
tive or repulsive both depending on the ratio of its kinetic
energy (KE) and potential energy (PE). The quintessence
scalar field can predict accelerated expanding universe pro-
vided its potential is chosen suitably so that the scalar field
can roll slowly over there. In other words, if the KE of the
scalar field is very less as compared to PE i.e. φ̇2 << V (φ),
acceleration in the Universe can be anticipated [26–29].

Some of the authors have studied the history of cos-
mic evolution of the Universe using reconstruction method
[30,31]. Reconstruction technique in the framework of DE
was first studied by Starobinsky [32]. The reconstruction
method are of two types: (i) parametric and (ii) non paramet-
ric. In the parametric method, the construction of a cosmo-
logical model is based on a specific parameterization of the
various cosmological parameters. The cosmic dynamics can
be discussed by constraining the model parameters involved
in the parametrization using various observational datasets.
However, this technique has some limitations about the exact
nature of DE due to the assumption of a cosmic parameter
[33–35]. In this method, some models seems diverging some-
times to describe the future cosmic scenario and some mod-
els are consistent only at very low redshift (z << 1). In this
aspect, a non parametrizing method has some preference over
parametrization method because of the direct understanding
of the cosmic scenario through observational data. However,
this approach has also some drawbacks [36–38]. Therefore,
we do not have a well motivated theory which could explain
all the phenomenon of the Universe at present.

It has been seen that parametrization method can better
explain the transition history of the Universe successfully
from early deceleration to late times acceleration in many
of the models. So it is feasible to endorse a parametrization
approach which can explain the future cosmological mod-
els with better efficiency and motivates us to construct the
model of the Universe with possible phase transition [39–41].
Cunha et al. [39] studied the transition redshift by expanding
the deceleration parameter by using two parameterizations:
q = q0 + q1z and q = q0 + q1z(1 + z)−1 , where the
parameters q0, q1 are constrained by the supernovae data.
Akarsu et al. [40] probed the kinematics and fate of the
Universe with linearly time varying deceleration parameter
q = q0+q1(1−t/t0). Xu et al. [41] discussed the FLRW cos-
mological model using a parametrized deceleration param-
eter q(a) = q0 + q1(1 − a), where the parameters q0, q1

are constrained by the observational data SNeIa and CMB.
Recently, many cosmological models have been discovered
to explain the dynamics of the Universe in f (R, T ) grav-
ity using parametrization approach of different cosmological
parameters [42–45]. Singh et al. [42] reviewed the FLRW

model using a specific form of parametrization on Hubble

parameter H(t) = α t ln
(
c−λ2 tan−1 t

t

)
, where α, λ2, c are

arbitrary constants which produces the bouncing scenario in
f (R, T ) gravity. Singh et al. [43] constructed a modified
Chaplygin gas cosmological model in f(R,T) gravity with
particle creation using a specific parametrization on Hubble

parameter H(t) = βtk1

(tk2 +α)
k3

, where α, β �= 0, k1, k2, k3 are

real constants. The FLRW cosmological models with quark
and strange quark matters in f(R,T) gravity is discussed by
using two parametrization: (i) the q = −α

t2
+ (β − 1), where

α > 0, β > 1 are model parameter which are responsible
for the dynamics of the Universe, (ii) a(t) = ek1t t k2 , where
the parameters k1 and k2 are non-negative and dimension-
less [44]. An exact cosmological solution of Einstein field
equations (EFE) is derived for a dynamical vacuum energy
in f (R, T ) gravity in the background of a homogeneous
and isotropic FLRW space time by considering an appro-
priate parametrization of the Hubble parameter H(a) =
α(1 + a−n), where α > 0 and n > 1 are the model parame-
ters, which are constrained through recent observational data
[45].

In literature, there are many parametrized forms pro-
posed by many authors in the form of EoS parameter ω

to make the model consistent with observations [46–48].
Linder [46] explored the the expansion history of the Uni-
verse using a new parametrization of the EoS parameter
ω(a) = ω0 + ωa(1 − a), where where ω0 and ωa are model
parameters. A hyperbolic solution for a flat FLRW model of
the universe in f (R, T ) gravity is discussed by adopting a

parametrization of scale factor a(t) = sinh
1
n (βt), where β

and n > 0 are arbitrary constants [47]. Nojiri et al. [48] stud-
ied the modified gravity to unify inflation with dark energy
and dark matter by assuming the Hubble parameter of the
form H(t) = c1(−t+ t f )α +c2(−t+ ts)β +c1tα +g, where
c1, c2, α, β, g are constants. However, the parametrization of
any specific cosmological parameter plays a significant role
to study the cosmic scenario but it has been observed that
the parametrization of the energy density of DE contributes
more compacted constraints than any other cosmological
parameter [49,50]. Therefore in this paper, we would like to
stress more on the form of the energy density of dark energy
which yields a phase transition in the Universe and attempt
to explain the cosmic phenomenon successfully using some
observational datasets. Motivated by the above parametriza-
tions in which many of them are linear, we have adopted the
parametric reconstruction approach to study the DE model in
GR at present study. In this paper, we study a FLRW cosmo-
logical model by assuming an appropriate parametrization in
the form of a differential equation in terms of energy density
of scalar field ρφ , which is defined as Energy Density Scalar
Field Differential equation (EDSFD) parametrization and is
unique of its own kind. The EDSFD parametrization leads to
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a required phase transition from early deceleration to present
cosmic acceleration and is capable to explain several stages
of evolution of the Universe and form the model which is
consistent with current observational data.

The advancement of constraints on inflation followed by
reheating with well planned approaches in observational cos-
mology will be an essential part of research in near future. If
we restrict the range of the observationally enabled models
of inflation, It is difficult to understand the uncertainties in
the predictions of the spectral index. The study on reheat-
ing have also shown the feasibility of production of remains
like solitons and cosmic defects which help us to constrain
the variety of scenarios [51]. The preheating stage can con-
tain extremely non perturbative procedures, during which the
Universe gets populated through the parametric resonances.
Such resonances appear as the inflaton condensate which
starts oscillation about its minimum potential soon after infla-
tion. Theses oscillations induce a plausible time dependent
couplings between the inflaton and the matter. The non lin-
ear dynamics can conduct to a lot of interesting facts, e.g.
the creation of solitons that can slow down the thermalisa-
tion process which is essential as an initial condition for Big
Bang nucleosynthesis (BBN), field structures yielding self
similarly in a turbulent manner [52,53], non thermal phase
transitions and the formation of cosmic defects [54–56].

There are three important research areas of reheating: (i)
the theoretical part which consider the more realistic high
energy physics models [57–59] involving fermions and gauge
bosons along with the scalars, in the search for a unified
illustration of our cosmic history, (ii) the direction for future
work regarding the happening of various phases of reheating:
from the non perturbative particle creation during the pre-
heating phase followed by non linear classical evolution, to
the late time approach to a radiation dominated era of expan-
sion of the Universe in the thermal equilibrium [60,61], (iii)
a lot of work has been devoted to the reheating constraints
to inflationary models [62–64]. Kofman et al. [65] explored
the reheating process of the Universe in various inflationary
models in which they found that the decay of the inflaton field
starts with a phase of explosive creation of particles at a stage
of a broad parametric resonance and later finished together.
Kofman et al. [66] studied the contemporary growth of the
Reheating theory. He stated that all the matter constituents of
the Universe had been produced during the reheating process
after inflation. Kofman et al. [67] examined that the reheating
after inflation takes place due to the creation of particle by
the oscillating inflaton field. He also analysed the perturbative
approach to reheating as well as the effects beyond the per-
turbation theory. Bassett et al. [68] also reviewed the theory
of inflation with single and multiple fields with certain obser-
vation on the dynamics of adiabatic along with entropy and
isocurvature perturbations which provides the basic probe of
inflationary models.

The work of this paper has been organized as follows:
Sect. 1 provides a brief formal presentation on dark energy
and brief proposal about the late time cosmic acceleration
which have been confirmed by various probes. In Sect. 2,
we consider the Einstien field equations and obtain its GR
solutions using a parametrization consists of specific form
of scalar field differential equation. In Sect. 3, we con-
strain the model parameter for the detailed analysis on the
behaviour of physical parameters using the observational
datasets of Hubble parameter H(z), latest union 2.1 compila-
tion datasets SNeIa, BAO , joint datasets H(z)+SNeIa and
H(z)+ SNeIa + BAO , and we find the best fit present val-
ues of the cosmological parameters. We study the dynamics
of our parametric model and briefly analyse the behaviours
of the physical features using statistical analysis of cosmo-
logical parameters of the model in Sect. 4. Also, we explain
the viability of our model via energy conditions in Sect. 5.
We discuss the dynamics of reheating stage after inflation
of our parametric model in Sect. 6. Finally, we review the
consistency of our obtained model using data analysis and
conclude the outcomes of the model in Sect. 7.

2 Einstien field equations and its solutions

The Einstien field equations (EFE) in the background of a
flat FLRW space time

ds2 = dt2 − a2(t)(dx2 + dy2 + dz2), (1)

where a(t) being the scale factor of the Universe are given
by

( ȧ
a

)2 = 1

3
(ρtotal) = 1

3
(ρm + ρφ), (2)

( ȧ
a

)2 + 2
( ä
a

)
= −ptotal = −pφ, (3)

in the units of 8πG = c = 1, where an overhead dot signi-
fies the time derivatives. The energy density of matter, energy
density of scalar field and pressure of scalar field are repre-
sented by ρm, ρφ and pφ respectively. Here, we assume that
the total amount of energy ρtotal and matter source ptotal con-
tained in the Universe are composed of two types of fluid,
especially the one corresponds to non relativistic matter or
the pressure less cold matter and the other scalar field φ,
which serves as a candidate of dynamical DE i.e. φ varies
with time t and describes the early inflation as well as the
late time cosmic acceleration.

The following action defines the most generic models of
inflation which is consistent with observations [69] in which
a single scalar field φ is termed as the inflaton sources the
accelerated expansion of the universe as
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S = c4

16πG

∫ (−R
√−g

)
d4x + Sφ + Sm, (4)

where Sφ is the action for the scalar field. Here, the model is
minimally coupled to gravity with canonical kinetic terms.
Sm is the matter action term which includes the entire infor-
mation related the other components of the matter, contain-
ing the Standard Model Lagrangian (SML) and the terms
explaining the couplings of the inflaton to other fields [51].
We normalize Eq. (4) by taking 8πG = c = 1.

The action of the scalar field is given by

Sφ =
∫ [

1

2
∂μφ∂μφ − V (φ)

] √−gd4x . (5)

In order to explain the isotropy and homogeneity of the
model, we need the dominant component of the scalar field φ

which varies with t only. This scalar condensation caused the
classical background configuration during the inflation and
the initial stages of reheating. As the scalar field φ depends on
time, therefore it may be assumed as perfect fluid with energy
density ρφ and pressure pφ . When we suppose that the scalar
field φ is the only source of DE having potential V (φ) which
interacts with itself, so we can take energy density ρφ and
pressure pφ as the canonical components of scalar field φ in
the framework of FLRW cosmology given by [47,70,71]

ρφ = φ̇2

2
+ V (φ), (6)

pφ = φ̇2

2
− V (φ), (7)

where the potential energy V (φ) and kinetic energy φ̇2

2 are
function of scalar field φ correspond to each pair of (t, x) in
space time.

The conservation of energy momentum tensor in GR read
as

ρ̇m + 3
( ȧ
a

)
ρm = 0, (8)

ρ̇φ + 3
( ȧ
a

)
(ρφ + pφ) = 0. (9)

Eq. (8) yields

ρm = ρm0a
−3, (10)

where ρm0 is an arbitrary integration constant and evaluated
as the present value of the energy density of the matter. Solv-
ing Eq. (9), we get

ρ̇φ = −3
( ȧ
a

)
(1 + ωφ)ρφ, (11)

where ωφ = pφ

ρφ
is the EoS parameter of the scalar field φ.

Using Eq. (9), the EoS parameter is given by

ωφ = −1 − 1

3
a

ρφ
′

ρφ

, (12)

where prime denotes the derivative w.r.t. scale factor a. In
order to solve a system of Eqs. (2), (3), (8) and (9) which con-
tains only three independent equations with four unknowns
a, ρm , ρφ and pφ , we need some additional constraint equa-
tions.

Here we assume an appropriate parametrization as a dif-
ferential equation in ρφ of the form

ρφ
′ + α f (a)ρφ = 0, (13)

where f (a) = α2
[

1 + 1

a
√

1+a2αsinh−1
(

1
a

)α

]
.

The function f (a) has been taken in such way that the term
sinh−1

( 1
a

)
contained in f (a) can produce a signature flip-

ping behaviour. Therefore, the Eq. (13) shows concave down-
ward behavior i.e. having decreasing slope at each point with
respect to time. The transition phase of deceleration parame-
ter q from positive to negative exhibits cosmic acceleration at
present and late times onwards along with early deceleration
with possible structures formation in the Universe. These
types of various parametrization in different mathematical
forms of cosmological parameters have already been used in
cosmology to study dark energy models [39,42,46] because
they neither presume the validity of any gravitational theory
nor effect the model by violating any physical and geomet-
rical properties [72].

The general solution of the above differential equation
(13) is given by

ρφ = e−αasinh−1
(1

a

)α

, (14)

where α ∈ (0, 1) is the model parameter.
Using the relation of redshift z and scale factor a given by

a
a0

= 1
(1+z) , where a0 = 1 is the present value of scale factor,

the energy density of scalar field ρφ in terms of redshift reads
as

ρφ(z) = e
−α
1+z sinh−1(1 + z)α, (15)

and

ρφ0 = e−αsinh−1(1). (16)

Equations (15) and (16) yield

ρφ(z) = ρφ0

sinh−1(1)
e

αz
1+z sinh−1(1 + z)α, (17)

where ρφ0 is the current value of the energy density of scalar
field. Also using Eq. (10), energy density of matter field ρm
can be written in terms of redshift z as

ρm(z) = ρm0(1 + z)3 (18)

Combining Eqs. (2), (17) and (18), we have

3H2 = ρm0(1 + z)3 + ρφ0

sinh−1(1)
e

αz
1+z sinh−1(1 + z)α,

(19)
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Now, we consider the density parameter � = ρ
ρc

which
describe the whole content of the Universe, where ρc =

3H2

(8πG)2 is the critical density of the Universe. In the normal-
ized unit, 8πG = 1.

Equation (19) in terms of density parameter of matter and
scalar field can be expressed as

H2 = H2
0

[
�m0 (1 + z)3 + �φ0

sinh−1(1)
e

αz
1+z sinh−1(1 + z)α

]
,

(20)

where �m0 = ρm0
3H2

0
and �φ0 = ρφ0

3H2
0

are the present values of

matter and scalar field density parameters respectively.
As it is defined a dimensionless quantityq which measures

the acceleration in the Universe and is known as deceleration
parameter (DP). Obviously q < 0 affirms that the Universe
undergoes through an accelerated expanding phase whereas
q > 0 signifies that expansion in the Universe is decelerating.
The DP q in terms of a and the Hubble parameter H is given
by

q = − äa

ȧ2 = −1 − Ḣ

H2 . (21)

In our model, using Eq. (20), the expression for DP in
terms of a and z are given by

q(a) = −1

−
a
( −3�m0

a4 − αeα(1−a)cosech−1(a)α−1
[√

1+ 1
a2 +(1+a2)cosech(a)

]
�φ0

(1+a2)sinh−1(1)

)

2
(

�m0
a3 + eα(1−a)cosech−1(a)α�φ0

sinh−1(1)

) ,

(22)

q(z) = −1 + 1

2(1 + z)
[
(1 + z)3�m0 + e

αz
1+z cosech−1( 1

1+z )α�φ0
sinh−1

]

[
3(1 + z)4�m0 +

{
αe

αz
1+z cosech−1(

1

1 + z
)α−1

}

×
{√

1 + (1 + z)2 +
(

1 + 1

(1 + z)2

)
cosech−1

(
1

1 + z

)}

×
{

�φ0 (1 + z)2

1 + (1 + z)2sinh−1(1)

}]
. (23)

Using relation (12), the EoS parameter for scalar field ωφ

can be expressed in terms of z and a as

ωφ(z) = −1 + α

3(1 + z)

+ α(1 + z)α√
1 + (1 + z)2αsinh−1(1 + z)α

, (24)

and

ωφ(a) = −1 + αa

3
+

α
aα

3
√

1 + 1
a2α sinh−1

( 1
a

)α
, (25)

respectively.

The functional form of the density parameters �m and �φ

for matter and scalar field in terms of redshift z are given by

�m(z) = 1

1 + e
αz

1+z sinh−1�φ0 (1+z)α

sinh−1(1)�m0 (1+z)3

, (26)

and

�φ(z) = 1

1 + �m0 sinh
−1(1)e

−αz
1+z [(1+z)3sinh−1(1+z)−α]

�φ0

, (27)

respectively.
In the next section, we have constrained the model param-

eters using various observational data set to find the best fit
present values of cosmological parameters for the detailed
analysis on the behaviour of physical parameters.

3 Statistical analysis of the model parameters

In recent advancement of observational cosmology, we study
the early evolution, structure formation, and the properties of
DM and DE of the Universe employing cosmic mechanism
and ray detectors. There are various observational datasets
e.g. SDSS, which comes up with the map of the galaxy dis-
tribution and encode the current variations in the Universe,
CMBR performs as the authentication of the big bang the-
ory, QU ASARS brings out the matter between observer and
quasars, BAO estimates the large scale structures in the Uni-
verse to interpret the DE more desirable, observations from
SNeIa are the devices for computing the cosmic distances
known as standard candles.

In this section, we compare our model with the �CDM
model using error bar plots of Hubble dataset and SNeIa
Union 2.1 compilation dataset. We have also constrained
the value of Hubble parameter H0 and model parame-
ter α included in our model by employing some observa-
tional datasets H(z), SNeIa, BAO and their joint datasets
H(z) + SNeIa and H(z) + SNeIa + BAO using statisti-
cal analysis method. These constrained values of the model
parameter α have been used to discuss the physical features
of the our model.

In Fig. 1, the error bar plots of Hubble dataset and SNeIa
Union 2.1 compilation dataset represent that both panels are
fitted well while correlating our model with �CDM using
observational dataset H(z) and SNeIa Union 2.1 compila-
tion data respectively.

3.1 Observational Constraints from H(z) data

As it is well known that the expansion rate of the Universe can
be expressed in terms of an important cosmological parame-
ter termed as Hubble parameter H gained high popularity at
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Fig. 1 Figures (a) and (b)
represent the comparison of our
model and �CDM model with
blue color error bars of
observational H(z) 29 data
points and SNeIa Union 2.1
compilation data points
respectively. Red lines indicate
our model and black lines
indicate the �CDM model in
both plots. We observe that our
model fits well with both
observational data points
especially at z < 1

(a) (b)

present. In the series of observations, Hubble parameter data
is one such useful and simple tool to study cosmological mod-
els as it has a direct relation with the expansion history of the
Universe. The observations from Hubble parameter help us
to illuminate power on the dark sector of the Universe which
precisely includes the problem of dark energy, dark matter
and dark ages. To make H observable, some physical quan-
tities such as length, time and redshift z are required. The
Hubble parameter H in terms of z can be written as

H(z) = − 1

(1 + z)

dz

dt
. (28)

The constraints on the model parameter α can be obtained
by minimizing the Chi-square value i.e. χ2

min , which is equiv-
alent to the maximum likelihood analysis. The likelihood
function χ2

OHD(α, H0) can be computed as

χ2
OHD(α, H0) =

29∑
i=1

[
Hth(α, H0, zi ) − Hobs(zi )

σH(zi )

]2

, (29)

where H(zi ) is evaluated at redshift zi , OHD represents the
observational Hubble data set, and Hth and Hobs represent
the theoretical and observed value of Hubble parameter H
of our model respectively. The standard error in the observed
value of H is indicated by σH(zi ).

3.2 Observational constraints from type ia supernova data

Here, we constrain the model parameter α by using the lat-
est Union 2.1 compilation datasets SNeIa from the obser-
vations of type Ia Supernova [73] and compare the results
with �CDM . The Chi-square function χ2

OSN (α, H0) can be
expressed as

χ2
OSN (α, H0) =

580∑
i=1

[
μth(α, H0, zi ) − μobs(zi )

σμ(zi )

]2

, (30)

where OSN is the observational SNeIa dataset. μth and
μobs are the theoretical and observed distance modulus of the
model. The standard error in the observed value is denoted

by σμ(zi ). Also, the distance modulus μ(z) is defined by

μ(z) = m − M = 5LogDl(z) + μ0, (31)

wherem and M denote the apparent and absolute magnitudes
of a standard candle, respectively. The luminosity distance
Dl(z) for flat Universe and the nuisance parameter μ0 are
given by

Dl(z) = (1 + z)H0

∫ z

0

1

H(z∗)
dz∗, (32)

and

μ0 = 5Log
( H−1

0

Mpc

)
+ 25, (33)

respectively.
We take the current value of density parameter for matter

and scalar field (�m0 and �φ0 ) as 0.27 and 0.73, respec-
tively. Also, we use the present value of Hubble param-
eter from the most recent Planck 2018 results [10,11] as
H0 = 67.4 Km/s/Mpc to complete the dataset. The likeli-
hood contours have been plotted in the α-H0 plane with 1σ ,
2σ and 3σ errors at the confidence levels 68.27%, 95.45%
and 99.73%, respectively, around the best fit points by fitting
our model with H(z), SNeIa, BAO , H(z) + SNeIa and
H(z) + SNeIa + BAO datasets respectively.

Here, the best fit values of the model parameters are q0 =
−0.477, α = 0.216746 and H0 = 65.4940 with χ2

OHD =
18.3086 confirmed by the likelihood contours in the α-H0

plane with 1σ , 2σ and 3σ errors at the confidence levels
68.27%, 95.45% and 99.73% respectively for the Hubble
data analysis around the best fit point (0.216746, 65.4940)

shown in Fig. 2a. Similarly the best fit values of the model
parameters are q0 = −0.540, α = 0.128497 and H0 =
66.4581 with χ2

OHD = 562.458 which are confirmed by the
likelihood contours in the α-H0 plane with 1σ , 2σ and 3σ

errors at the confidence levels 68.27%, 95.45% and 99.73%
respectively for the SNeIa data analysis around the best fit
point (0.128497, 66.4581) shown in Fig. 2b.
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Fig. 2 a and b Show the
likelihood contours in the α-H0
plane for joint analysis
H(z) + SNeIa and
H(z) + SNeIa + BAO ,
respectively. The dark shaded
region shows the 1σ error, light
shaded region shows the 2σ

error and ultra light shaded
region shows the 3σ error. Black
dots represent the best fit values
of the model parameter α and
the values of H0 in both plots

(a) (b)

3.3 Observational constraints from baryon acoustic
oscillations data

The BAO includes computing the spatial distribution of
galaxies to regulate the growing rate of cosmic structure
within the comprehensive expansion of the universe. This
contrast can differentiate between the various forms of DE
theoretically. The patterns of galaxy clustering involve statis-
tics about how cosmic structure is magnified from initial
minor variations. This clustering encodes a powerful average
separationbetween galaxies which could be used to construct
the expansion history of the universe in a similar fashion to
SNeIa standard candles.

In this study, we examine a sample of BAO distance mea-
surements from various surveys, namely SDSS(R) [74], 6dF
Galaxy survey [75], BOSSCMASS [76] and three parallel
measurements from WiggleZ survey [77].

The distance redshift ratio dz regarding BAO measure-
ments is given by

dz = rs(z∗)
Dv(z)

, (34)

where z∗ is the redshift at the time of photons decoupling
which is taken as z∗ = 1090 according as the Planck 2015
results [78]. The term rs(z∗) is co-moving sound horizon dur-
ing decoupling of photons [79]. The dilation scale is defined

as Dv(z) = [ d2
A(z)z
H(z)

] 1
3 , where dA(z) is the angular diameter

distance.
The value of χ2

BAO is given by [80]

χ2
BAO = ATC−1A, (35)

where A is a matrix given by

A =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

dA(z∗)
Dv(0.106)

− 30.84
dA(z∗)
Dv(0.35)

− 10.33
dA(z∗)
Dv(0.57)

− 6.72
dA(z∗)
Dv(0.44)

− 8.41
dA(z∗)
Dv(0.6)

− 6.66
dA(z∗)
Dv(0.73)

− 5.43

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

and the inverse covariance matrix C−1 [80] is

C−1 =

⎡
⎢⎢⎢⎢⎢⎢⎣

0.52552 −0.03548 −0.07733 −0.00167 −0.00532 −0.00590
−0.03548 24.97066 −1.25461 −0.02704 −0.08633 −0.09579
−0.07733 −1.25461 82.92948 −0.05895 −0.18819 −0.20881
−0.00167 −0.02704 −0.05895 2.91150 −2.98873 1.43206
−0.00532 −0.08633 −0.18819 −2.98873 15.96834 −7.70636
−0.00590 −0.09579 −0.20881 1.43206 −7.70636 15.28135

⎤
⎥⎥⎥⎥⎥⎥⎦

approaching the correlation coefficients available in [81].
In BAO data analysis, the good fit values of the model

parameters are q0 = −0.626, α = 0.007485 and H0 =
65.0100 with χ2

BAO = 33.9581, which are confirmed by the
likelihood contours in the α-H0 plane with 1σ , 2σ and 3σ

errors at the confidence levels 68.27%, 95.45% and 99.73%,
respectively around the best fit point (0.007485, 65.0100).

3.4 Joint tests: H(z) + SNeIa data and
H(z) + SNeIa + BAO data

In order to obtain tighter constraints on the model parameters
and to avoid the degeneracy in the observational datasets, we
combine H(z) and SNeIa data, and H(z), SNeIa and BAO
data. Since H(z), SNeIa and BAO datasets are obtained
from the independent probes, the total likelihoods are con-
sidered to be the product of the likelihood of the probes H(z)
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Fig. 3 a and b Show the
likelihood contours in the α-H0
plane for joint analysis
H(z) + SNeIa and
H(z) + SNeIa + BAO ,
respectively. The dark shaded
region shows the 1σ error, light
shaded region shows the 2σ

error and ultra light shaded
region shows the 3σ error. Black
dots represent the best fit values
of the model parameter α and
the values of H0 in both plots

(a) (b)

Table 1 Summary of the numerical results of the model

Dataset χ2
min Hubble parameter H0 (km/s/Mpc) Model parameter α

H(z) (29 points data ) 18.3086 65.4940 0.216746

SNeIa (Union 2.1 compilation data) 562.458 66.4581 0.128497

BAO 33.9581 65.0100 0.007485

H(z) + SNeIa 581.015 65.4934 0.145958

H(z) + SNeIa + BAO 618.312 65.4800 0.062845

and SNeIa and the product of the likelihood of the probes
H(z), SNeIa and BAO . Therefore, we define

χ2
totalHS

= χ2
OHD + χ2

OSN , (36)

and

χ2
totalHSB

= χ2
OHD + χ2

OSN + χ2
BAO , (37)

respectively. In joint analysis H(z) + SNeIa, we obtained
the best fit values of the model parameters are q0 = −0.527,
α = 0.145958 and H0 = 65.4934 with χ2

totalHS
= 581.015

which are confirmed by the likelihood contours in the α-H0

plane with 1σ , 2σ and 3σ errors at the confidence levels
68.27%, 95.45% and 99.73%, respectively around the best
fit point (0.145958, 65.4934) shown in Fig. 3a. Similarly the
best fit values of the model parameters are q0 = −0.586,
α = 0.062845 and H0 = 65.4800 with χ2

totalHSB
= 618.312

which are confirmed by the likelihood contours in the α-
H0 plane with 1σ , 2σ and 3σ errors at the confidence
levels 68.27%, 95.45% and 99.73%, respectively for joint
analysis H(z) + SNeIa + BAO , around the best fit point
(0.062845, 65.4800) shown in Fig. 3(b).

The likelihood contours for the parameters α and H0 with
1σ , 2σ and 3σ errors in the plane α-H0 are shown in Figs. 2
and 3. The good fit values of α are constrained 0.216746,
0.007485, 0.145958 and 0.062845 by employing the Hubble
dataset H(z), BAO , and combined dataset H(z) + SNeIa
and H(z)+SNeIa+BAO for which the corresponding good
fit values of H0 in the units of Km/s/Mpc are constrained
65.4940, 65.0100, 65.4934 and 65.4800, respectively (see

Table 1). Also the good fit value of the model parameter α =
0.128497 and Hubble constant H0 = 66.4581 Km/s/Mpc
with 1 σ , 2 σ and 3 σ errors are constrained in the ranges
0.008477 < α < 0.2474, −0.07116 < α < 0.3209
and −0.1477 < α < 0.3944 respectively according to the
SNeIa (Union 2.1 compilation data).

4 Statistical analysis of cosmological parameters of the
model

The present values of various cosmological parameters of
our model are computed by the constrained value of the
model parameter α using different observational datasets
H(z), BAO , and combined dataset H(z) + SNeIa and
H(z) + SNeIa + BAO , respectively (see Table 2).

In the expansion history of the Universe, the two physical
parameters H and q are very useful. This can be illustrated
as H > 0 or ȧ > 0 specifies an expanding Universe whereas
q < 0 or ä > 0 specifies accelerated expanding Universe. In
order to discuss accelerated expansion of the Universe, vari-
ous dark energy models have proposed in the literature. The
deceleration parameter q is probed to be very dominant cos-
mological parameters among other parameters which trace
the dynamics of the Universe. Here, we review the different
phases of the evolution of the deceleration parameter. The
Universe undergoes a cosmic acceleration in late times with
a slower rate of expansion, which is revealed by the cosmic
observations [1,2]. Moreover, the decelerating phase of the
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Table 2 Summary of the numerical results of cosmological parameters of the model

Dataset q0 ztr z∗tr j0 ωφ0 ωtotal0 �m0 �φ0

H(z) (29 points data ) −0.477 � 0.841 � −0.866 0.517 −0.869 −0.651 0.251 0.749

SNeIa (Union 2.1 compilation data) −0.540 � 0.828 � −0.940 0.699 −0.922 −0.693 0.248 0.751

BAO −0.626 � 0.819 � −0.984 0.981 −0.996 −0.751 0.246 0.754

H(z) + SNeIa −0.527 � 0.836 � −0.928 0.661 −0.912 −0.684 0.249 0.750

H(z) + SNeIa + BAO −0.586 � 0.827 � −0.966 0.847 −0.962 −0.724 0.247 0.752

Fig. 4 a The plot of
deceleration parameter q vs.
redshift z. b The plot of Hubble
parameter H vs. redshift z for
different observational datasets

(a) (b)

Universe is obligatory for the structure formation. The Phase
transition of q from deceleration to acceleration is essential
to trace the dynamics of the Universe.

In this model, the present accelerating behaviour can be
seen by observing the values of the q with respect to red-
shift z with two transition phases. Taking the model param-
eter α from the various observational data (see Table 1), we
plot the graph of q with respect to redshift z using Eq. (23).
The first phase transition (ztr ) occurs from early decelera-
tion to the acceleration in the quintessence region and the
second phase transition (z∗tr ) occurs form the acceleration in
the quintessence region to deceleration and stops the expan-
sion of the Universe in late times (see Fig. 4a, b). In the
Fig. 4a, we also observed that DP varies from positive to
negative according as the variation of redshift z from high and
low, respectively in the range 0.216746 ≤ α ≤ 0.007485 of
the model parameter α using different observational datasets
H(z), H(z) + SNeIa , SNeIa, H(z) + SNeIa + BAO
and BAO . The phase transitions occur in the range 0.841 ≤
ztr ≤ 0.819. i.e. the Universe goes through a possible phase
transition around the near past ztr ≈ 0.8 from deceleration to
acceleration which is consistent with the observations pro-
posed by Amendola [82]. The expansion of the Universe
stops suddenly after the second phase transition in late times
at z � −1 (see Fig. 4a, b). This shows the negative inflation
in the Universe.

It is observed that the slope of the q− z curve is minimum
and maximum i.e. the Universe shows minimum and max-
imum acceleration, and the variation of model parameter α

Fig. 5 The plot of energy density of scalar field ρφ vs. redshift z for
different observational datasets

maximum and minimum according as H(z) and BAO obser-
vational datasets respectively at present. Here, the slope of
the q− z curve increases as the variation of model parameter
α decreases according as the observational datasets H(z),
H(z) + SNeIa, SNeIa, H(z) + SNeIa + BAO , BAO ,
respectively (see Fig. 4a). Therefore, it is noticed that the
our model exhibits deceleration at early stages of the evolu-
tion of the Universe, acceleration in the quintessence region
and starts deceleration after second phase transition until the
expansion of the Universe stops in late times. This model
shows a quintessence dark energy model at present.

Combining Eqs. (15) and (16), we plot the curves of the
energy density of scalar field ρφ with respect to the redshift
z for all constraints values of model parameter α obtained
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Fig. 6 a and b Show the
behaviours of EoS parameter of
scalar field ωφ and total EoS
parameter ωtotal w.r.t. redshift z

(a) (b)

Fig. 7 a and b Highlight the
behaviours of density parameter
of matter and scalar field
(�m , �φ) w.r.t. redshift z

(a) (b)

from different observational datasets H(z), SNeIa, BAO ,
H(z) + SNeIa and H(z) + SNeIa + BAO (see Fig. 5).
In this plot, the slope of the ρφ − z curve decreases as the
variation of model parameter α decreases according as the
observational datasets H(z), SNeIa, BAO , H(z)+ SNeIa
and H(z) + SNeIa + BAO respectively. Thus, we see that
the energy density of scalar field is high initially at the time
of evolution of the Universe and eventually ρφ → 0, which
indicates that the amount of dark energy density drops off to
nearly zero at late times.

As it is known that the different stages of the cosmic evolu-
tion of the Universe can be analysed by study the behaviour
of EoS parameter ω. In our model, we have discussed the
EoS parameter of scalar field ωφ and the total EoS parameter
ωtotal . In GR, the only condition to achieve inflation in the
universe is 1+3ω < 0, which produces repulsive energy and
jerk in the Universe. The five trajectories of EoS parameter
of scalar field ωφ for different values of the model param-
eter α constrained in different observational datasets H(z),
SNeIa, BAO , H(z)+ SNeIa and H(z)+ SNeIa+ BAO
are highlighted in Fig. 6a. The current value of EoS param-
eter of scalar field ωφ0 for different observational datasets
given in Table 2 are consistent with the constraint range
given by Riess [83]. In Fig. 6a, it is observe that the range
−1 < ωφ < −0.2 of EoS parameter of scalar field suggests

that scalar field φ starts its evolution from the quintessence
region [47].

Figure 6b depicts the profile of total EoS parameter ωtotal

with respect to redshift z. It can be observed that ωtotal starts
from the quintessence region at the time of evolution of the
Universe remains in the same region at present time and sud-
denly collapsed at late times.

Figure 7a, b demonstrate the contrasting behaviour of den-
sity parameters of matter field �m and scalar field �φ w.r.t.
redshift z. It can be noticed that �m is dominated over �φ at
the early phases of the evolution of the Universe. The density
parameters of matter field �m is monotonically decreasing
while the density parameters of scalar field is monotonically
increasing in late times. Moreover, both parameters �m and
�φ suddenly collapsed as z −→ −1 which shows the big
rip singularity in infinite future. Moreover, the sum of these
two parameters is equal to unity, which is consistent with
different observational data.

The history of the expanding universe can be interpreted
in a better way by analysing the behaviour of parameters,
which involves some higher derivatives of the scale factor.
The geometrical behaviour of these parameters provides a
measure to examine the performance of various dark energy
models. Here, we intend to discuss a kinematic quantity jerk
parameter j , which is obtained by the third order derivative
of the scale factor and is defined as [84,85]
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Fig. 8 a and b Represent the
jerk parameter of our model and
om diagnostic w.r.t. redshift z

(a) (b)

Table 3 Summary of the
numerical results of
cosmographic parameters of the
model

Dataset j0 s0 l0 m0

H(z) (29 points data ) 0.5174 −0.9042 2.0671 −9.5617

SNeIa (Union 2.1 compilation data) 0.6993 −0.6674 2.0018 −9.1940

BAO 0.9813 −0.1467 2.4938 −7.6850

H(z) + SNeIa 0.6617 −0.7233 1.9919 −9.2889

H(z) + SNeIa + BAO 0.8476 −0.4149 2.1664 −8.6155

j =
...
a

aH3 . (38)

According to the standard �CDM model, the value of jerk
parameter is equal to unity i.e. j = 1. The deviation from
j = 1 investigates the dynamics of different kinds of dark
energy models other than standard model �CDM . Figure 8a
highlights the evolution of jerk parameter w.r.t. redshift z for
the parametrization of energy density of scalar field ρφ (13).
It has been observed that our model behaves like standard
�CDM model at the time of evolution of the early Universe
and represents the other DE model different from �CDM
at present time as j is different from 1 for all observational
dataset (see Table 2).

The higher order cosmographic parameters in terms of
redshift z can be expressed as [86]

j = −q + 2q(1 + q) + (1 + z)
dq

dz
,

s = j − 3 j (1 + q) − (1 + z)
d j

dz
,

l = s − 4s(1 + q) − (1 + z)
ds

dz
,

m = l − 5l(1 + q) − (1 + z)
dl

dz
.

(39)

The present value of these cosmographic parameters j0, s0,
l0 and m0 can be obtained by using various observational
datasets, which is shown in Table 3.

Apart from the several techniques which have been used
to measure the contrast of �CDM model among various
DE models is a diagnostic tool known as Om diagnostic

[87,88]. This technique is used to distinguish various DE
models without comprising the density parameter of matter
and EoS Parameter. It investigates the behaviour of different
trajectories of Om(z) with respect to redshift z and is evalu-
ated by a single parameter H with redshift z. It is formulated
as

Om(z) = { H(z)
H0

}2 − 1

z3 + 3z2 + 3z
. (40)

The slope of the function Om(z) decides the behaviour of
DE model. The model represents quintessence DE model
when the curvature of the Om(z) w.r.t. z is negative and
the model represents a phantom DE model when the curva-
ture of Om(z) w.r.t. z is positive. Also model is similar to
�CDM when Om(z) has zero curvature. In Fig. 8b, it can
be seen that all the trajectories of Om(z) increase as redshift
z decreases. Hence, the negative curvature pattern represents
that our model is a quintessence DE model for all the observa-
tional dataset. Moreover, In Fig. 8b, the gap between the two
sets of the trajectories indicates the presence of dark matter,
which may be expected in the hallow region of quintessence
dark energy.

5 Energy conditions

In General Relativity, there are various prevailing energy
conditions (ECs) which impose certain conditions to pre-
vent such regions having negative energy density. In other
words, ECs are treated as a viable generalization of the fact
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Fig. 9 The plots of energy conditions NEC, SEC and DEC for the model

that energy density in the Universe can never be negative to
the whole EMT [89–91]. There are wide applications of ECs
to examine the viability of many important singularity prob-
lems of space time, black holes and wormholes etc. Here,
many ECs are commonly used in GR whose viabilities can
be studied by the famous Raychaudhuri equation [92]. The
energy conditions can be mostly stated in two ways: (i) geo-
metric way, where ECs are well expressed in terms of Ricci
tensor or Weyl tensor, and (ii) physical way, where ECs are
expressed in stress energy momentum tensor or expressed in
terms of energy density ρ, which performs as the time-like
component and pressures pi , i = 1, 2, 3, which represent
the 3-space-like component). The standard point-wise ECs
in terms of ρ and p in GR are defined as:

• Null energy condition (NEC) ⇔ ρ + pi ≥ 0, ∀i ,
• Weak energy condition (WEC) ⇔ ρ ≥ 0, ρ + pi ≥ 0,

∀i ,
• Strong energy condition (SEC) ⇔ ρ + ∑3

i=1 pi ≥ 0,
ρ + pi ≥ 0, ∀i ,

• Dominant energy condition (DEC) ⇔ ρ ≥ 0, ρ ≥ |pi |,
∀i , where i = 1, 2, 3.

Also we know that the energy density ρ and isotropic
pressure p can be described in the form of potental energy

V (φ) and kinetic energy φ̇2

2 of the model i.e. in terms of
scalar field φ. Thus, the standard point-wise ECs in GR in
terms of scalar field φ are defined as:

• NEC: ∀ V (φ)

• WEC ⇔ V (φ) ≥ φ̇2

2 ,

• SEC ⇔ V (φ) ≤ φ̇2.

• DEC ⇔ V (φ) ≥ 0.

From Fig. 9, we observe that NEC, WEC and DEC are
satisfied but SEC is violating in our model, which accom-

plishes that our model exhibits accelerating expansion in the
Universe. The fulfilment of NEC, WEC and DEC in this
model is somewhat the mandatory requirement in the Uni-
verse to impose certain conditions which prevent from such
macroscopic regions having negative energy density. How-
ever, the violation of SEC indicates the presence of some
exotic matter in the Universe to produce anti gravitational
effects (see Fig. 9b). This shows that inflation occurs because
ρφ + 3pφ < 0, which implies that inflation occurs due to

V (φ) >
φ̇2

2 [51]. Hence the Universe is likely to enter into
possible reheating stage after inflation and the expansion of
the Universe is accelerating under the influence of a repulsive
force which appears to be a strong enough thrust.

6 Dynamics of reheating after inflation

In order to explain the accelerating universe, we need ä > 0,
the Friedmann Eqs. (2) and (3) requires ρφ + 3pφ < 0 This
implies that inflation occurs as long as φ̇2 < V (φ). The Eqs.
(2), (3) and the Euler Lagrange equation for φ following from
the action in (4) and (5) are

H2 = 8πG

3

[
φ̇2

2
+ V (φ)

]
, (41)

and the Klein Gordon equation for the scalar field

φ̈ + 3H φ̇ + ∂φV (φ) = 0. (42)

The most remarkable approach of particle creation in the
quantum theory is the Reheating Theory of the Universe after
inflation since almost all matter constituents of the Universe
were created at the subsequent radiation dominated era dur-
ing this process [65]. It is noticeable that the total energy
was accumulated in a classical slowly moving inflaton field
φ at this stage of inflation and this field φ started oscillat-

123



Eur. Phys. J. C (2020) 80 :295 Page 13 of 16 295

ing with its minimum effective potential. Steadily, it created
the elementary particles, they interacted with each other and
reached to a thermal equilibrium state with a temperature TR ,
which was termed as the reheating temperature.

Again in a simple chaotic inflation scenario which
explains the classical inflaton scalar field φ, we consider the
effective potential V (φ) = ± 1

2mφ
2φ2 + λ

4 φ4, where mφ is
the mass of scalar field φ. The term 1

2mφ
2φ2 is assumed

as the inflaton potential and the negative sign indicates the
spontaneous symmetry breaking φ −→ φ + σ with creation
of σ = mφ√

λ
called as a classical scalar field. After inflation,

the classical inflaton scalar field φ may decay into two very
small particles bosons χ and fermions ψ due to the interac-
tion terms − 1

2g
2φ2χ2 and −hψ̄ψφ, where λ, g and h are

taken negligibly small coupling constants. Since the masses
of the particles χ and ψ are negligibly small, therefore we
can assume mχφ = gφ, mψφ = |hφ| [65].

In a study of most basic reheating theory [69], we have a
inflation phase at φ > MP which is favoured by the friction
like term 3H φ̇ in Eq. (42). As the inflaton scalar field φ

decreases the effect of the term 3H φ̇ decreases, the inflation
vanishes at φ < 1

2 MP and the field φ starts oscillating in the
vicinity of V (φ)min [65]. The amplitude of the oscillations
slowly decreases due to expansion of the universe and the
energy transfer to particles created by the oscillating field.
The assumption of the classical oscillating scalar field φ(t)
indicated as a cluster of scalar particles at rest explains the
basic reheating theory. Then the decay rate in the energy of
oscillations may be equated to the decay rate of φ-particles.
Therefore, the decay rates are given by

�(φ−→χχ) = g4σ 2

8πmφ

, �(φ−→ψψ) = h2mφ

8π
. (43)

The reheating of the Universe accomplishes when the rate
of expansion of the universe H becomes smaller than the total
decay rate in the energy of oscillations �total , where �total =
�(φ−→χχ)+�(φ−→ψψ) and H =

√
8πmφ

3M2
P

which is equivalent

to t−1. The reheating temperature may be approximated by
TR = 0.1

√
�total MP [65].

With this analytical view, we can mention that the Reheat-
ing Theory yields a conditionally exact interpretation of par-
ticle decay at the last phases of reheating. Moreover, this
theory is consistently relevant when the inflaton field decays
into fermions only with a negligibly small coupling constant
h2 � mφ

Mp
. However, this theory fails to interpret the first

stages of reheating. In order to establish the theory of the first
stage of reheating, we start this theory with massive scalar
field φ which decays into χ -particles, then we review λ

4 φ4

theory, and finally we discuss reheating at the first stage with
spontaneous symmetry breaking theories [65]. Therefore, we
can observe that with this diagnostic tool, we may be able to

acquire the appropriate information of physics in the early
universe to discuss the reheating phase after inflation in our
present EDSFD parametric model.

7 Discussions and conclusions

In this work, we have presented an FLRW cosmological
model by taking an appropriate parametrization in a specific
differential equation in terms of energy density of scalar field
ρφ , which causes a phase transition from early deceleration
to present cosmic acceleration. Using this parametrization,
we have reconstructed the equation of state parameter ωφ(z)
to discuss the evolution of the early universe in a flat FLRW
space time. We have constrained the model parameter using
the various observational datasets of Hubble parameter H(z),
latest Union 2.1 compilation dataset SNeIa, BAO , joint
dataset H(z)+ SNeIa and H(z)+ SNeIa+ BAO , and we
have also fixed its best fit value at present.

This article is an attempt to construct a cosmological
model by assuming a specific form of a cosmic evolution sce-
nario. As we have already studied in details the advantages
of parametric reconstruction method, therefore to understand
the hidden realities of the cosmos, this method assists one to
construct a cosmological model which can predict the possi-
ble phase transition. So in somewhat, the idea of the paramet-
ric approach is quite reasonable, simple and help to improve
the efficiency of future cosmological scenario and open the
doors to understand the nature of dark energy. The particu-
lar and quite arbitrary form of a function of scale factor a
has been chosen in such a manner which contribute a gen-
uine form of the energy density of scalar field ρφ , having a
decreasing slope at each point of time. The motivation for
taking the parametrization of ρφ has been discussed in the
introduction section [49,50]. Our main intention in this paper
is to consider a quintessence like scalar field as a candidate
of dark energy for studying the dynamics of present accel-
erating universe in the framework of flat FLRW space time.
In accordance with, we have recorded the main outcomes of
our investigation of the model as follows:

• In Sect. 3, the error bar plots of Hubble dataset and
SNeIa Union 2.1 compilation dataset represent that both
panels are fitted well while correlating our model with
�CDM using observational dataset H(z) and SNeIa
Union 2.1 compilation data respectively (see Fig. 1a, b).

• Figures 2 and 3 depicts the likelihood contours for the
parameters α and H0 with 1σ , 2σ and 3σ errors in
the plane α-H0. The good fit values of α are con-
strained 0.216746, 0.007485, 0.145958 and 0.062845 by
employing the Hubble dataset H(z), BAO , combined
dataset H(z) + SNeIa and H(z) + SNeIa + BAO for
which the corresponding good fit values of H0 in the
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units of Km/s/Mpc are constrained 65.4940, 65.0100,
65.4934 and 65.4800 respectively (see Table 1). Also the
good fit value of the model parameter α = 0.128497
and Hubble constant H0 = 66.4581 Km/s/Mpc with
1 σ , 2 σ and 3 σ errors are constrained in the ranges
0.008477 < α < 0.2474, −0.07116 < α < 0.3209
and −0.1477 < α < 0.3944, respectively according to
the SNeIa (Union 2.1 compilation data).

• In Sect. 4, it is noticed that the our model exhibits decel-
eration at early stages of the evolution of the Universe,
acceleration in the quintessence region and starts decel-
eration after second phase transition until the expansion
of the Universe stops in late times. The early deceler-
ating phase of the Universe is capable to describe the
structure formation in the Universe. This model shows a
quintessence dark energy model at present (see Fig. 4a,
b).

• Figure 5 explains that the assumed parametrization of
energy density of scalar field is high initially at the time
of evolution of the Universe and eventually ρφ → 0,
which indicates that the amount of dark energy density
diminishes to zero at late times.

• In Fig. 6a, it is observed that the range −1 < ωφ < −0.2
of EoS parameter of scalar field suggests that scalar field
φ starts its evolution from the quintessence region [47].
Figure 6b depicts that ωtotal starts from the quintessence
region at the time of evolution of the Universe remains in
the same region at present time and suddenly collapsed
in late times.

• Figure 7a, b demonstrate the contrasting behaviour of
density parameters of matter field �m and scalar field
�φ w.r.t. redshift z. It can be noticed that �m is domi-
nated over �φ at the early phases of the evolution of the
Universe. The density parameters of matter field �m is
monotonically decreasing while the density parameters
of scalar field is monotonically increasing in late times.
Moreover, Both parameters �m and �φ suddenly col-
lapsed as z −→ −1 which shows the big rip singularity
in infinite future. Moreover, the sum of these two param-
eters is equal to unity, which is consistent with different
observational data.

• In Fig. 8a, it is concluded that our model behaves like
standard �CDM model at the time of evolution of the
early Universe and represents the other DE model differ-
ent from �CDM at present time since j is different from
1 for all observational dataset (see Table 2). Figure 8b
enacts that all the trajectories of Om(z) increase as red-
shift z decreases. Hence, the negative curvature pattern
represents that our model is a quintessence DE model for
all the observational dataset. Moreover, in this figure the
gap between the two sets of the trajectories indicates the
presence of dark matter, which may be expected in the
hallow region of quintessence dark energy.

• In Fig. 9, we observe that NEC and DEC are satisfied
but SEC is violating in our model, which accomplishes
that our model exhibits accelerating expansion in the
Universe. The NEC and DEC in this model is satis-
fied, which is somewhat the mandatory requirement in
the Universe to impose certain conditions which prevent
from such macroscopic regions having negative energy
density. However, the violation of SEC is the same as the
presence of some exotic matter in the Universe to produce
anti gravitational effects. Hence the Universe is likely to
enter into reheating stage after inflation and the expan-
sion of the Universe is accelerating under the influence
of a repulsive force which appears to be a strong enough
thrust.

• In Sect. 6, it is analytically mentioned that the Reheating
Theory of the Universe is developed after inflation. We
observe that the first stage of reheating takes place when
the classical inflaton field φ decays either into φ-particles
or into other bosons abruptly due to a parametric reso-
nance on a large scale. Subsequently these bosons decay
into some other particles, which become thermalized in
long run. The complete reheating is possible only when a
single φ-particle decays into other particles. This inflicts
best fit constraints on the structure of the inflationary
models and indicates that the inflaton field may be a dark
matter candidate [65]. Therefore, we can observe that
with this diagnostic tool, we may be able to acquire the
appropriate information of physics in the early universe
to discuss the reheating stage after inflation in our present
EDSFD parametric model.

Here, after examining the above points, we can conclude
that our present cosmological model is found to be very inter-
esting with the approach of reconstruction of some physical
parameters by EDSFD parametrization, and contribute a rea-
sonable domain of knowledge to understand the various cos-
mological scenario of the evolution of the early Universe.
Undoubtedly, the inclusion of some observational datasets
in this study provides a more precise range to model parame-
ters so that the behaviour of geometrical and physical param-
eters could be investigated more appropriately. However, the
present article is only an attempt in the direction to study
the nature of dark energy. Moreover, the advancement of
the observational cosmology in our model will provide one
suitable step to upgrade our understanding and make us bet-
ter to interpret the mysterious nature of dark energy. In our
present EDSFD parametric model, the dynamics of reheating
stage after inflation can be discussed. The complete reheating
inflicts the best fit constraints on the structure of the infla-
tionary models which indicates that the inflaton field may be
a dark matter candidate.
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