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Abstract. In this paper we consider a correspondence between holographic

dark energy density and extended Chaplygin gas energy density proposed by

Pourhassan and Kahya [2014] (Advances in High Energy Physics, 231452, 2014)

in FRW universe. We solve the Friedmann equation and investigate the be-

haviour of cosmological parameters and also we reconstruct the potential and

dynamics of the scalar field which describe the extended Chaplygin gas cos-

mology.
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1. Introduction

Accelerated expansion of the universe can be described by dark energy [12, 35].

In that case there are several dark energy candidates. One of the candidate of

the dark energy is Einstein’s cosmological constant which has two crucial problems

so called ’fine tuning’ and ’cosmic coincidence’ [23]. There are also other models
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to describe dark energy such as k-essence model [2] and tachyon model [29]. An

interesting model to describe dark energy is Chaplygin Gas (CG) [5, 17] that are

based on Chaplygin equation of state (EoS) [9] which are not of good consistent

with the observational data [14]. On the other hand CG is an interesting fluid

explaining the acceleration of the universe. The extension of the CG model is

proposed by [4, 8, 34] which is called Generalized Chaplygin Gas (GCG). However,

observational data ruled out such proposal. Then GCG was extended to Modified

Chaplygin Gas (MCG) [13]. Further extension of CG model called Modified Cosmic

Chaplygin Gas (MCCG) was proposed by [24, 26]. Also, various CG model were

studied from the holographic point of view [27, 30, 31]. The MCG and MCCG

include only barotropic fluid with linear EoS while it is possible to extend them

including quadratic barotropic EoS of the form [1, 10, 21]

p = p0 + ω1ρ+ ω2ρ
2,

where p0, ω1 and ω2 are constants.

If, we set p0 = ω2 = 0 to recover linear barotropic EoS.

Pourhassan and Kahya [15, 16, 25], Khurshudyan et al. [18, 19, 20] and Sadeghi

et al. [28] introduced Extended Chaplygin Gas (ECG) with EoS of the form

(1) p =
∑
n

(Anρ
n)− B

ρα
,

where A, B and α are positive constants.

It reduces to MCG EoS for n = 1 with (A0 = 0) and recover barotropic fluid with

quadratic EoS by setting n = 2. Also, higher n may recover higher order barotropic

fluid which is a motivation to suggest ECG.

Pourhassan and Kahya [25], used numerical method to investigate the behaviour

of some cosmological parameter such as scale factor, Hubble expansion parameter,

energy density and deceleration parameter in the framework of ECG EoS. Pourhas-

san and Kahya [15], studied the ECG as a candidate of inflation and predicted the

values of gas parameters for physically viable cosmological model. Pourhassan and

Kahya [16], also studied cosmological model where the universe is dominated by

ECG. Sadeghi et al. [28] studied holographic dark energy density and interacting

ECG energy density in the Einstein gravity and analyzed tensor to scalar ratio and

observed that it is a good agreement with BICEP2 data [6, 7].
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Another approach in quantum gravity, namely holographic principle [32] is em-

ployed to understand dark energy problem. According to the principle: all informa-

tion inside any spatial region can be observed, instead of its volume, on its boundary

surface.

Based on the validity of the effective local quantum field theory, a short distance

(UV) cutoff Λ is related to the long distance (IR) cutoff L due to the limit set by

the formation of black hole [11]. Applying the UV-IR relationship constraints the

total vaccum energy in a box of volume L3, where the total vaccum energy cannot

be greater than the mass of a black hole with the same size. This upper limit for

vaccum energy density is given by

ρΛ ≤M2
PL
−2,

where M2
p = 1/8πG is the Plank mass and L is an IR cutoff.

Saturating the inequality, we obtain the holographic dark energy density,

(2) ρΛ = 3c2M2
PL
−2,

where c is a free dimensionless constant and the numeric coefficient is chosen for

convenience.

In this paper we suggest a correspondence between holographic dark energy

scenario and ECG as a candidate of dark energy in Friedmann-Robertson-Walker

(FRW) universe and reconstruct the potential and dynamics of the scalar field which

describe the ECG cosmology. The paper is organized as follows: In section II, we

review FRW cosmology and give some useful equation to study the cosmological

parameters by considering holographic dark energy density. In section III, we con-

sider the ECG EoS and discuss the various cases for n and α and obtained the

scalar potential and kinetic energy term. Finally, we summerize our results and

concluding remarks are given in section IV.

2. FRW cosmology and Holographic dark energy model

We consider the FRW universe of the form

(3) ds2 = −dt2 + a2(t)

(
dr2

1− kr2
+ r2dΩ2

)
,

where k denotes the curvature of space k = 0, 1,−1 for flat, closed and open universe

respectively.
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Einstein’s field equations are

(4) Gµν = Rµν −
1

2
gµνR = κTµν ,

where Gµν is the Einstein tensor, Rµν is the Ricci tensor, R is the Ricci scalar,

κ = 8πG and Tµν is the energy momentum tensor given by

(5) Tµν = (ρ+ p)uµuν + pgµν ,

where ρ is energy density and p is the pressure.

The Field equations (4) with the help of line element (3) are given by

3

(
ȧ2 + k

a2

)
= 8πGρ,

and

(6)
2ä

a
+
ȧ2 + k

a2
= −8πGp.

The first Friedmann equation is given by

(7) H2 +
k

a2
=

ρ

3M2
p

.

In future, we use p = pm + pΛ and consider pm = 0.

Therefore, p = pΛ and ρ = ρm + ρΛ,

where ρm and ρΛ is energy density of matter and dark energy respectively and pm

and pΛ is pressure of matter and dark energy respectively.

The conservation equation is given by

(8) ρ̇Λ + 3H(ρΛ + pΛ) = 0,

by using the equation of state for perfect fluid of the form

(9) pΛ = ωΛρΛ,

above conservation equation (8) becomes

(10) ρ̇Λ + 3H(1 + ωΛ)ρΛ = 0.

Define

Ωm =
ρm
ρcr

=
ρm

3M2
pH

2
,

(11) ΩΛ =
ρΛ

ρcr
=

ρΛ

3M2
pH

2
,Ωk =

k

a2H2
.
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In non-flat universe, we are choosing holographic dark energy density as given

by Eq. (2).

L is defined in the following form [30]:

(12) L = ar(t),

where a is the scale factor and r(t) is relevant to the future event horizon of the

universe and can be obtained from the following equation

(13)

∫ r(t)

0

dr√
1− kr2

=

∫ ∞
t

dt

a
=
Rh
a
,

where Rh is event horizon given by

(14) Rh = a

∫ ∞
t

dt

a
= a

∫ ∞
a

da

Ha2
.

We get the value of r(t) as

(15) r(t) =
1√
k
sin[
√
kRh/a].

Hence from (12) we get the value of L as

(16) L =
a(t)sinn[

√
|k|Rh(t)/a(t)]√
|k|

.

Using Eqs. (2) and (11) we get

(17) HL =
c√
ΩΛ

.

Eqs. (16) and (17) yield

(18) L̇ =
c√
ΩΛ

− 1√
|k|
cosn(

√
|k|Rh/a).

By using the definition of holographic energy density and eqs. (17) and (18) we get,

(19) ρ̇Λ = −2H

(
1−
√

ΩΛ

c

1√
|k|
cosn(

√
|k|Rh/a)

)
ρΛ.

Substituting this relation into Eq. (10) we obtain the EoS parameter as

(20) ωΛ = −

[
1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

We have plotted the evolution of EoS parameter ωΛ for holographic dark energy

with respect to scale factor a in fig. 1. We see that the EoS parameter ωΛ is

−0.91 ≤ ωΛ ≤ −0.90 as a→ 1 for the value of ΩΛ = 0.75. Similarly for ΩΛ = 0.73,
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ωΛ ranges from −0.90 ≤ ωΛ ≤ −0.89 and ΩΛ = 0.69, ωΛ ranges from −0.88 ≤ ωΛ ≤
−0.87.

Figure 1. EoS parameter versus scale factor for ΩΛ = 0.69 (blue),

ΩΛ = 0.73 (red), ΩΛ = 0.75 (black).

3. Extended Chaplygin gas model

In this section, we find out the energy density ρΛ from conservation eq. (8) by

using the ECG EoS (1). We assume that the origin of dark energy is a scalar field φ

[3], i.e., ρΛ = ρφ and then we compare the energy density of ECG with holographic

dark energy. We find the EoS parameter (ωΛ) by using ECG EoS and then com-

pare it with the EoS parameter obtained from holographic dark energy Eq. (20) for

calculating the value of arbitrary constants. Finally, we find the terms representing

scalar potential and kinetic energy.

In the following part, we consider some special cases and find special solutions.

Case I: n = 1 and α = arbitrary
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In this case EoS (1) becomes

(21) p = AρΛ −
B

ραΛ
.

Inserting the EoS (21) into the relativistic energy conservation equation (8), leads

to a density evolving as

(22) ρΛ =

[
B

1 +A
+

C

a3(1+α)(1+A)

] 1
1+α

.

where C is the constant of integration.

The energy density and pressure of the scalar field model can be expressed as

(23) ρφ =
1

2
φ̇2 + V (φ),

(24) pφ =
1

2
φ̇2 − V (φ).

By using ρΛ = ρφ, we get

(25) ρφ =
1

2
φ̇2 + V (φ) = ρΛ =

[
B

1 +A
+

C

a3(1+α)(1+A)

] 1
1+α

,

(26) pφ =
1

2
φ̇2 − V (φ) = AρΛ −

B

ραΛ
=
A
[

B
1+A + C

a3(1+α)(1+A)

]
−B[

B
1+A + C

a3(1+α)(1+A)

] α
1+α

.

Then, one can easily derive the scalar potential and kinetic energy terms as

(27) V (φ) =
(1−A)

[
B

1+A + C
a3(1+α)(1+A)

]
+B

2
[

B
1+A + C

a3(1+α)(1+A)

] α
1+α

,

(28) φ̇2 =

(1+A)C
a3(1+α)(1+A)[

B
1+A + C

a3(1+α)(1+A)

] α
1+α

.

If we establish the correspondance between the holographic dark energy and ECG

energy density, then by equating Eqs. (2) and (22)

3c2M2
PL
−2 =

[
B

1 +A
+

C

a3(1+α)(1+A)

] 1
1+α

,

we get

(29) C = a3(1+α)(1+A)

[
(3c2M2

pL
−2)(1+α) − B

1 +A

]
.
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By using Eq. (9) with the help of Eqs. (21) and (22) we get the EoS parameter as

(30) ωΛ =
pΛ

ρΛ
= A− B

ρ
(1+α)
Λ

= A− B
B

1+A + C
a3(1+α)(1+A)

.

Now, using the EoS parameter of holographic dark energy, i.e., by using Eq. (20)

we get

A− B
B

1+A + C
a3(1+α)(1+A)

= −

[
1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Substituting the value of C in the above equation we get the following value of

B

(31) B = (3c2M2
pL
−2)(1+α)

[
A+

1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Substituting the value of B in Eq. (28) we get the value of C as

(32) C =
(3c2M2

pL
−2a3(1+A))(1+α)

1 +A

[
2

3
− 2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Figure 2. Hubble parameter versus red shift for A = 1/3, B = 1,

n = 1, α = 0.1 (black), α = 0.5 (red), α = 0.9 (blue).
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Figure 3. Scale factor versus time for A = 1/3, B = 1, n = 1, α

= 0.1 (black), α = 0.5 (red), α = 0.9 (blue).

Figure 4. EoS parameter versus scale factor for A = 1/3, B = 1,

n = 1, α = 0.5, C = 0.4 (black), C = 1 (red), C = 1.6 (blue).
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In Figs. 2 and 3 we fix A and B and observe the behaviour of Hubble parameter

H in terms of red shift z which is quite close to the observations [33]. Also we ob-

serve that as α increases value of scale factor increases. Fig. 4 shows the variation

of EoS parameter ωΛ and it is observed that EoS parameter approaches −1.

Case II: n = −α

In this case EoS (1) becomes

(33) p = − (B −A)

ραΛ
,

where (B −A) > 0.

Inserting the EoS (33) into the relativistic energy conservation equation (8), leads

to a density evolving as

(34) ρΛ =

[
B −A+

C

a3(1+α)

] 1
1+α

.

Proceeding in the similar way as discussed in case I energy density and pressure

of the scalar field model are given in Eqs. (23) and (24) and assuming that the

origin of dark energy is a scalar field φ, we get

(35) ρφ =
1

2
φ̇2 + V (φ) = ρΛ =

[
B −A+ Ca−3(1+α)

] 1
1+α

,

(36) pφ =
1

2
φ̇2 − V (φ) = − (B −A)

ραΛ
= − (B −A)[

B −A+ Ca−3(1+α)
] α

1+α
.

Then, one can easily derive the scalar potential and kinetic energy term as

(37) V (φ) =
2(B −A) + Ca−3(1+α)

2
[
(B −A) + Ca−3(1+α)

] α
1+α

,

(38) φ̇2 =
Ca−3(1+α)[

(B −A) + Ca−3(1+α)
] α

1+α
.

If we establish the correspondance between the holographic dark energy and ECG

energy density, then using Eqs. (2) and (34)

3c2M2
PL
−2 =

[
B −A+ Ca−3(1+α)

] 1
1+α

,
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we get

(39) C = a3(1+α)
[
(3c2M2

pL
−2)(1+α) − (B −A)

]
.

By using Eq. (9) with the help of Eqs. (33) and (34) we get the EoS parameter as

(40) ωΛ =
pΛ

ρΛ
= −B −A

ρ
(1+α)
Λ

= − B −A
B −A+ Ca−3(1+α)

.

Now, using the EoS parameter of holographic dark energy, i.e., by using Eq. (20)

we get

− B −A
B −A+ Ca−3(1+α)

= −

[
1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Substituting the value of C in the above equation we get the following value of

B

(41) B = A+ (3c2M2
pL
−2)1+α

[
1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Substituting the value of B in eq. (39) we get the value of C as

(42) C = (3c2M2
pL
−2a3)1+α

[
2

3
− 2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Hubble parameter H in terms of red shift is plotted in Fig. 5 and it is observed that

it is atmost according to the observations. In Fig. 6 by fixing A and B it is noted

that as C increases value of scale factor a increases. Fig. 7 shows the variation of

EoS parameter ωΛ and it is observed that EoS parameter approaches −1.

Case III: α = −1

In this case EoS (1) becomes

(43) p = AρnΛ −
B

ρ−1
Λ

= AρnΛ −BρΛ = ρΛ(Aρn−1
Λ −B).

Inserting the EoS (43) into the relativistic energy conservation equation (8), leads

to a density evolving as

(44) ρΛ =

[
A

B − 1
− C

a3(B−1)(n−1)

] 1
1−n

.
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Figure 5. Hubble parameter versus red shift for A = 1/3, B = 1,

n = −α, α = 0.9, C = 0.4 (black), C = 1 (red), C = 1.6 (blue).
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Figure 6. Scale factor versus time for A = 1/3, B = 1, n = −α,

α = 0.5, C = 0.4 (black), C = 1 (red), C = 1.6 (blue).
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Figure 7. EoS parameter versus scale factor for A = 1/3, B = 1,

n = −α, α = 0.5, C = 0.4 (black), C = 1 (red), C = 1.6 (blue).

Here, again by using ρΛ = ρφ we get

(45) ρφ =
1

2
φ̇2 + V (φ) = ρΛ =

[
A

B − 1
− C

a3(B−1)(n−1)

] 1
1−n

,

pφ =
1

2
φ̇2 − V (φ) = ρΛ(Aρn−1

Λ −B)

(46) =

[
A

B − 1
− C

a3(B−1)(n−1)

] 1
1−n

 A(
A

B−1 −
C

a3(B−1)(n−1)

) −B
 .

Then, one can easily derive the scalar potential and kinetic energy terms as

(47) V (φ) =
1

2

[
A

B − 1
− C

a3(B−1)(n−1)

] 1
1−n

B − A(
A

B−1 −
C

a3(B−1)(n−1)

) + 1

 ,

(48) φ̇2 =

[
A

B − 1
− C

a3(B−1)(n−1)

] 1
1−n

1 +
A(

A
B−1 −

C
a3(B−1)(n−1)

) −B
 .
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If we establish the correspondance between the holographic dark energy and ECG

energy density, then using Eqs. (2) and (44) we have

3c2M2
PL
−2 =

[
A

B − 1
− C

a3(B−1)(n−1)

] 1
1−n

,

we get

(49) C = a3(B−1)(n−1)

[
−(3c2M2

pL
−2)(1−n) +

A

B − 1

]
.

By using Eq. (9) with the help of Eqs. (43) and (44) we get the EoS parameter as

(50) ωΛ =
pΛ

ρΛ
= Aρn−1

Λ −B =
A(

A
B−1 −

C
a3(B−1)(n−1)

) −B.
Now, using the EoS parameter of holographic dark energy, i.e., by using Eq. (20)

we get

A(
A

B−1 −
C

a3(B−1)(n−1)

) −B = −

[
1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Substituting the value of C in the above equation we get the following value of A

(51) A = (3c2M2
pL
−2)(1−n)

[
B − 1

3
− 2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Substituting the value of A in Eq. (49) we get the value of C as

(52) C =
(3c2M2

pL
−2a−3(B−1))(1−n)

B − 1

[
2

3
− 2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

In Figs. 8 and 9 we fix A and B and observe that variation of Hubble parameter

H in terms of red shift z and scale factor a versus t. We observe that a decreases

as n increases. Fig. 10 shows the variation of EoS parameter ωΛ.

Case IV: n = 2, α = 1/2

In this case EoS (1) becomes

p = A1ρΛ +A2ρ
2
Λ −

B

ρ
1/2
Λ

.

Taking A1 = A2 = A we get

(53) p = AρΛ +Aρ2
Λ −

B
√
ρΛ

= (1 + ρΛ)AρΛ −
B
√
ρΛ
.
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Figure 8. Hubble parameter versus red shift for A = 1/3, B = 3,

α = -1, n = 2 (red), n = 3 (blue).
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Figure 9. Scale factor versus time for A = 1/3, B = 3, α = -1, n

= 2 (red), n = 3 (blue).
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Figure 10. EoS parameter versus scale factor for A = 1/3, B =

3, α = -1, n = 2 (red), n = 3 (blue).

Inserting the EoS (53) into the relativistic energy conservation equation (8), leads

to a density evolving as

(54) ρΛ = U1,

where U1 = a−9
(
Xa9/2 + a

−A
2 (15X2+9)

)2

,

where X is the root of AX5 + (1 +A)X3 −B = 0.

Again, by using ρΛ = ρφ we get

(55) ρφ =
1

2
φ̇2 + V (φ) = ρΛ = U1,

(56) pφ =
1

2
φ̇2 − V (φ) = (1 + ρΛ)AρΛ −

B
√
ρΛ

= AU1(1 + U1)− B√
U1

.

Then, one can easily derive the scalar potential and kinetic energy term as

(57) V (φ) =
U1

2
[1−A(1 + U1)] +

1

2

B√
U1

,

(58) φ̇2 = U1[1 +A(1 + U1)]− B√
U1

.
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If we establish the correspondance between the holographic dark energy and ECG

energy density, then using Eqs. (2) and (54)

3c2M2
PL
−2 = U1,

we get

(59) A =
−2

15X2 + 9

log((3c2M2
pL
−2a9)1/2 −Xa9/2)

loga
.

By using Eq. (9) with the help of Eqs. (53) and (54) we get the EoS parameter as

(60) ωΛ =
pΛ

ρΛ
= (1 + ρΛ)A− B

ρ
3/2
Λ

= A(1 + U1)− B

U
3/2
1

.

Now, using the EoS parameter of holographic dark energy, i.e., by using Eq. (20)

we get

A(1 + U1)− B

U
3/2
1

= −

[
1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Substituting the value of A in the above equation we get the following value of

B

(61)

B = (3c2M2
pL
−2)3/2

[
A(1 + 3c2M2

pL
−2) +

1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Fig. 11 shows the variation of EoS parameter ωΛ and it is observed that EoS pa-

rameter approaches −1.

Case V: n = 3, α = 1/2

In this case EoS (1) becomes

p = A1ρΛ +A2ρ
2
Λ +A3ρ

3
Λ −

B

ρ
1/2
Λ

.

Taking A1 = A2 = A3 = A we get

(62) p = AρΛ +Aρ2
Λ +Aρ3

Λ −
B
√
ρΛ

= (1 + ρΛ + ρ2
Λ)AρΛ −

B
√
ρΛ
.
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Figure 11. EoS parameter versus scale factor for A = 1/3, B =

3, α = 0.5, n = 2.

Inserting the EoS (62) into the relativistic energy conservation equation (8), leads

to a density evolving as

(63) ρΛ = U2,

where U2 = a−9
(
Y a9/2 + a

−A
2 (21Y 4+15Y 2+9)

)2

,

where Y is the root of AY 7 +AY 5 + (1 +A)Y 3 −B = 0.

Again, by using ρΛ = ρφ we get

(64) ρφ =
1

2
φ̇2 + V (φ) = ρΛ = U2,

(65) pφ =
1

2
φ̇2 − V (φ) = (1 + ρΛ + ρ2

Λ)AρΛ −
B
√
ρΛ

= [1 + U2 + U2
2 ]AU2 −

B√
U2

.

Then, one can easily derive the scalar potential and kinetic energy terms as

(66) V (φ) =
U2

2
[1−A(1 + U2 + U2

2 )] +
1

2

B√
U2

,

(67) φ̇2 = U2[1 +A(1 + U2 + U2
2 )]− B√

U2

.
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If we establish the correspondance between the holographic dark energy and ECG

energy density, then using Eqs. (2) and (63)

3c2M2
PL
−2 = U2,

we get

(68) A =
−2

21Y 4 + 15Y 2 + 9

log((3c2M2
pL
−2a9)1/2 − Y a9/2)

loga
.

By using Eq. (9) with the help of Eqs. (62) and (63) we get the EoS parameter as

ωΛ =
pΛ

ρΛ
= (1 + ρΛ + ρ2

Λ)A− B

ρ
3/2
Λ

(69) = A(1 + U2 + U2
2 )− B

U
3/2
2

.

Now, using the EoS parameter of holographic dark energy, i.e., by using Eq. (20)

we get

A(1 + U2 + U2
2 )− B

U
3/2
2

= −

[
1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Substituting the value of A in the above equation we get the following value of

B

(70) B = (3c2M2
pL
−2)3/2X1,

where X1 = A(1 + 3c2M2
pL
−2 + (3c2M2

pL
−2)2) + 1

3 + 2
√

ΩΛ

3c
1√
|k|
cosn(

√
|k|Rh/a).

Hubble parameter H in terms of red shift is plotted in Fig. 12 for n = 2 and 3, i.e.,

for quadratic and cubic EoS and it is noted that these cases are very different from

the observations. Scale factor in terms of time for n = 2 and 3 is shown in Fig. 13.

Case VI: n = arbitrary, α = 1/2

In this case, EoS (1) becomes

p = A1ρΛ +A2ρ
2
Λ + ...+Anρ

n
Λ −

B

ρ
1/2
Λ

.

Taking A1 = A2 = ... = An = A we get

(71) p = AρΛ +Aρ2
Λ + ...+AρnΛ −

B
√
ρΛ

= (1 + ρΛ + ...+ ρn−1
Λ )AρΛ −

B
√
ρΛ
.
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Figure 12. Hubble parameter versus red shift for A = 1/3, B =

1, α = 0.5, n = 2 (red), n = 3 (blue).
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Figure 13. Scale factor versus time for A = 1/3, B = 1, α = 0.5,

n = 2 (red), n = 3 (blue).
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Inserting the EoS (71) into the relativistic energy conservation equation (8), leads

to a density evolving as

(72) ρΛ = U3,

where U3 = a−9
(
Za9/2 + a

−A
2 (9+

∑
6(n−1)Z2(n−1))

)2

,

where Z is the root of A
∑
Z2n+1 + (1 +A)Z3 −B = 0.

By using the expression

Ω =
ρ

3H2
0

,

where H0 is the Hubble parameter today.

H(z) for this case can be obtained in the form of below equation.

(73) Ω(z) = Ω0[1− c+ c(1 + z)l]2,

where c and l are constants related to Z, A and B [25].

Again, by using ρΛ = ρφ we get

(74) ρφ =
1

2
φ̇2 + V (φ) = ρΛ = U3,

pφ =
1

2
φ̇2 − V (φ) = (1 + ρΛ + ...+ ρn−1

Λ )AρΛ −
B
√
ρΛ

(75) = (1 + U3 + U2
3 ...+ Un−1

3 )AU3 −
B√
U3

.

Then, one can easily derive the scalar potential and kinetic energy term as

(76) V (φ) =
U3

2
[1−A(1 + U3 + U2

3 ...+ Un−1
3 )] +

1

2

B√
U3

,

(77) φ̇2 = U3[1 +A(1 + U3 + U2
3 ...+ Un−1

3 )]− B√
U3

.

If we establish the correspondance between the holographic dark energy and ECG

energy density, then using Eqs. (2) and (72)

3c2M2
PL
−2 = U3,

we get

(78) A =
−2

9 +
∑

6(n− 1)Z2(n−1)

log((3c2M2
pL
−2a9)1/2 − Za9/2)

loga
.
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By using Eq. (9) with the help of Eqs. (71) and (72) we get the EoS parameter as

(79) ωΛ =
pΛ

ρΛ
= (1 + ρΛ + ...+ ρn−1

Λ )A− B

ρ
3/2
Λ

= A(1 +U3 + ...+Un−1
3 )A− B

U
3/2
3

.

Now, using the EoS parameter of holographic dark energy, i.e., by using Eq. (20)

we get

A(1 + U3 + ...+ Un−1
3 )A− B

U
3/2
3

= −

[
1

3
+

2
√

ΩΛ

3c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Substituting the value of A in the above equation we get the following value of

B

(80) B = (3c2M2
pL
−2)3/2X2,

whereX2 = A(1+3c2M2
pL
−2+...+(3c2M2

pL
−2)n−1)+ 1

3+ 2
√

ΩΛ

3c
1√
|k|
cosn(

√
|k|Rh/a).

Hubble parameter H is plotted in Fig. 14 by fixing c and taking different values of l.

Now, putting the value of constants in the respective equations of scalar potential

and kinetic energy for all the cases we get their values as

(81) V (φ) = 2c2M2
pL
−2

[
1 +

√
ΩΛ

2c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

Using Eq. (17) we get

(82) V (φ) = 2H2M2
pΩΛ

[
1 +

√
ΩΛ

2c

1√
|k|
cosn(

√
|k|Rh/a)

]
.

(83) φ̇ =
cMp

L

√√√√2

(
1−
√

ΩΛ

c

1√
|k|
cosn(

√
|k|Rh/a)

)
.

Consider x ≡ lna, we get

(84) φ̇ = φ′H.

Using Eqs. (17) and (83) we get

(85) φ′ = Mp

√√√√2ΩΛ

(
1−
√

ΩΛ

c

1√
|k|
cosn(

√
|k|Rh/a)

)
.
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Figure 14. Hubble parameter versus red shift in the case of arbi-

trary n and α, c = 0.5, l = 1 (green), l = 1.3 (red), l = 1.5 (black),

l = 1.7 (blue), l = 1.9 (gold).

The Evolutionary form of the field is obtained as

φ(a)− φ(a0) =

(86)

∫ lna

0

Mp

√√√√2ΩΛ

(
1−
√

ΩΛ

c

1√
|k|
cosn(

√
|k|Rh/a)

)
dx.

where a0 is the present time value of scale factor.

Behaviour of V (φ) and φ(a) is shown in Figs. 15 and 16 respectively where both

V (φ) and φ(a) goes up as scale factor increases.

4. Conclusion

In this work, we consider an extended model of CG proposed by Pourhassan

and Kahya [25], as dark energy which recovers barotropic fluid with quadratic

EoS. Amongst the different candidates to play the role of dark energy, the CG has
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Figure 15. V (φ) versus a for ΩΛ = 0.69 (blue), ΩΛ = 0.73 (red),

ΩΛ = 0.75 (black).

Figure 16. φ versus a for ΩΛ = 0.69 (blue), ΩΛ = 0.73 (red),

ΩΛ = 0.75 (black).
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emerged as a possible unification of dark matter and dark energy, since it’s cosmo-

logical evolution is similar to an initial dust like matter and cosmological constant

for late times [30]. Inspired by the fact that the CG possesses negative pressure,

Gorini et al. [14] have undertaken the simple task of studying FRW cosmological

model filled with this type of fluid.

In the first part of the paper we consider the holographic dark energy density of

the form (2) and by using the field equations we have obtained the EoS parameter

ωΛ. The evolution of ωΛ for holographic dark energy versus scale factor is discussed

in Fig. 1. It is seen that the EoS parameter ωΛ is −0.91 ≤ ωΛ ≤ −0.90 as

a → 1 for the value of ΩΛ = 0.75. Similarly for ΩΛ = 0.73, ωΛ ranges from

−0.90 ≤ ωΛ ≤ −0.89 and ΩΛ = 0.69, ωΛ ranges from −0.88 ≤ ωΛ ≤ −0.87.

In the second part of the manuscript we have associated the holographic dark

energy in FRW universe with scalar field which describe the ECG cosmology. The

ECG is actually a scalar field which acts like dust or cosmological constant depend-

ing upon the period of the universe and the kind of parameters. We obtained the

evolution of the scale factor, Hubble expansion parameter H and time dependent

dark energy density ρΛ and also found the effect of n in cosmological parameter.

For the case n = 1 (linear barotropic fluid), EoS of ECG reduces to EoS of MCG

and found that the evolution of scale factor is faster than the case n = 2 (quadratic

barotropic fluid). We also found that the Hubble parameter is decreasing with n.

In the Figs. 2 and 3 it is observed that for A = 1/3 and B = 1 the behaviour of

Hubble parameter in terms of red shift is quite close to observations [33].

For the case n = −α, we have obtained the time dependent scale factor by using

the numerical methods. In Figs. 5 and 6 if we fix A and B it is seen that scale

factor a increases with time. Also, Hubble parameter H in terms of red shift is

quite close to the observations for various values of C. From the Figs. 4, 7 and 11,

it is clear that EoS parameter ωΛ approaches −1 as scale factor increases.

Fig. 8 shows the evolution of Hubble parameter versus red shift for the case

α = −1. It is observed that initially H is increasing and then it is constant as red

shift increases. The evolution of scale factor a versus time t is plotted in Fig. 9 and

evolution of EoS parameter ωΛ versus scale factor is plotted in Fig. 10. This case

is dual to first case if we take A→ −B and n→ −α.
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The evolution of Hubble parameter H versus red shift for the case n = 2, 3 and

α = 1/2 are plotted in Fig. 12. We noted that it is far from observations in any

time. For the case n = arbitrary, from Fig. 14 we get a good fit that is in agreement

with the observational data [22, 36]. From Figs. 15 and 16, it is observed that both

V (φ) and φ(a) increases as scale factor increases.

We established a correspondence between holographic dark energy and ECG

model and also reconstructed the potential and dynamics of holographic scalar field.

We surely come to know that the potential V (φ) and dynamics of the scalar field

φ are same in all the cases of ECG. The analogous results for standard Chaplygin

gas EoS is earlier discussed by Setare [30].
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