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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 =po+wip +wap?,

where pg,w; and ws are constants.
If, we set pg = wo = 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=S"(Anp") - pﬁ

n

where A, B and « are positive constants.

It reduces to MCG EoS for n = 1 with (Ag = 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 A 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
pr < MEL™2,

where Mg = 1/87G is the Plank mass and L is an IR cutoff.
Saturating the inequality, we obtain the holographic dark energy density,

(2) pr = 3EMBL?,

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

concluding remarks are given in section IV.

2. FRW Cc0osSMOLOGY AND HOLOGRAPHIC DARK ENERGY MODEL

We consider the FRW universe of the form
2

1 — kr?

(3) ds* = —dt* + d*(t) ( + r2d92> ,

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

respectively.
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Einstein’s field equations are
1
(4) GH’/ = RHV — §QW/R = KTMV’

where G, is the Einstein tensor, R, is the Ricci tensor, R is the Ricci scalar,

x = 8nG and T}, is the energy momentum tensor given by

(5) T;w = (P + p)uuu,, + P9uv,

where p is energy density and p is the pressure.
The Field equations (4) with the help of line element (3) are given by

a’+k
3< p >877Gp,

and

2.. .2 k
(6) S L e
a a

The first Friedmann equation is given by

k P
7 H?>+ = = )
(7) * a? BMg

In future, we use p = p,, + pa and consider p,, = 0.
Therefore, p = pp and p = p, + pa,
where p,,, and p, is energy density of matter and dark energy respectively and p,,
and pp is pressure of matter and dark energy respectively.

The conservation equation is given by

(8) pa +3H(pa +pa) =0,

by using the equation of state for perfect fluid of the form
9) DA = WAPA,

above conservation equation (8) becomes

(10) pa+3H(1+wa)pa =0.
Define
P P
Qp=—= AT LT’
per  3MZH?
k
(11) Q=LA PA g

per  BMZH? T @2H?
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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

) [0 em
0o V1—kr2 . a a’

where Ry, is event horizon given by

oo dt * da
(14) Rh—a/t E—a/a W
We get the value of r(¢) as

1
15 r(t) = —=sin[VEkRy, /a).
(15) (t) 7k [VER)/a

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

I a(t)sinn[\/[k|Ry(t)/a(t)] .
VIl

(16)

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

c
17 HL = .

" ¥n
Egs. (16) and (17) yield

. c 1

18 L=—————cosn k|Ry/a).

(18) S e (VIR )
By using the definition of holographic energy density and eqgs. (17) and (18) we get,

. VQy 1
(19) pr=—-2H(1- cosn(\/|k|Rn/a) | pa.
¢ Ikl

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

1 2/00 1
WA= — |5+
3 3¢ VIk|

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

(20) cosn(v/|k|Rp/a)

with respect to scale factor a in fig. 1. We see that the EoS parameter wy is
—0.91 < wp < —0.90 as a — 1 for the value of Q24 = 0.75. Similarly for Q5 = 0.73,
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wp ranges from —0.90 < wy < —0.89 and Q) = 0.69, wp ranges from —0.88 < wy <
—0.87.

-0.881 \.

-0.891

-0.90+ \

~0.9H
01 02 03 04 05 06 07 08 09 10

FIGURE 1. EoS parameter versus scale factor for 25 = 0.69 (blue),
Qp = 0.73 (red), Q2 = 0.75 (black).

3. EXTENDED CHAPLYGIN GAS MODEL

In this section, we find out the energy density pa from conservation eq. (8) by
using the ECG EoS (1). We assume that the origin of dark energy is a scalar field ¢
[3], i.e., po = py and then we compare the energy density of ECG with holographic
dark energy. We find the EoS parameter (wy) 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 a = arbitrary
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In this case EoS (1) becomes

B
(21) p=Apr— 2.
PA
Inserting the EoS (21) into the relativistic energy conservation equation (8), leads

to a density evolving as

B C B

(22) PA= T A + BT 1T A)

where C' is the constant of integration.

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

(23 po =58 +V(9)

(24) Ps = %452 - V(9).

By using pa = pg, we get

1

1., B C THa
(25) p‘b - §¢ =+ V(¢) = PA = |:1 + A + a3(1+a)(1+A):| )
1. B A {HLA + Wc)uw] - B
(26) o =30° - V(0) = Apa— o=
A

B C 14+«
TrA T saroara

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

(1-4) [HLAJFW}JFB

(27) V(g) = . - IR
2 {14—714 + W]
(1+4)C
(28) #? = BT TA)

B C I+a
[m + W]
If we establish the correspondance between the holographic dark energy and ECG
energy density, then by equating Eqs. (2) and (22)

1
B c e
2a02 7172 __
3C MPL —|:1+A+a3(1+a)(1+A):| Y

we get

B
_ 3(14+a)(14+A 27271 —2\(14+«
» 0=t [aga ) - 2 .
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By using Eq. (9) with the help of Egs. (21) and (22) we get the EoS parameter as

B B
(30) =Ty = A
PA P 144 T @araass

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

we get

A— B =— [1 2\/micosn(\/mRh/a)

+
3 3c /| k|
Substituting the value of C in the above equation we get the following value of

B

B (&)
1+A + a3(+a)(1+4)

1 2/0
A+ A

1
3 30\/@

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

(3c*M2L 230N IFe) o o /Oy 1
- - VIk
1+ A 3 3c \/mcosn( IFIEn/a)

(31) B = (3AM7L™%)0+e) cosn(+\/|k|Rp/a)

(32) C=

600

500+

4001

3004

2004

100+

FIGURE 2. Hubble parameter versus red shift for A =1/3, B =1,
n=1, a =0.1 (black), « = 0.5 (red), a = 0.9 (blue).
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FIGURE 3. Scale factor versus time for A = 1/3, B = 1,
= 0.1 (black), &« = 0.5 (red), & = 0.9 (blue).
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FIGURE 4. EoS parameter versus scale factor for A =1/3, B = 1,
n=1 a=0.>5C=04 (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 « increases value of scale factor increases. Fig. 4 shows the variation

of EoS parameter wy and it is observed that EoS parameter approaches —1.
Case II: n=—«

In this case EoS (1) becomes

(B—4)

P

)

(33) p=-

where (B — A) > 0.
Inserting the EoS (33) into the relativistic energy conservation equation (8), leads

to a density evolving as

Cc 1=
a3(1+a) :|

(34) PA = [B - A+
Proceeding in the similar way as discussed in case I energy density and pressure
of the scalar field model are given in Eqgs. (23) and (24) and assuming that the

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

(35) P¢=%&+WW@=pA={B—A+CmﬂHmrﬁ

1. (B - A) (B - A)
36 =202 - V(p) = — - _ .
(36) Ps =59 () PR [B — A+ Ca=30+e)] The

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

2(B — A) + Ca—30+)
2[(B — A) 4 Ca-30+a)] T’

(37) V(¢) =

(38) $ = Ca2
[(B— A) + Ca—30+a)] s

If we establish the correspondance between the holographic dark energy and ECG
energy density, then using Egs. (2) and (34)

1
14+

&%M%L—QZ[B-—A+-Cw*“+®}
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we get
(39) C =a* |32 M2L 7)) — (B - A)|.
By using Eq. (9) with the help of Egs. (33) and (34) we get the EoS parameter as
PA B—-A B—A

(40) WA = pT\ = _,OE\HQ) T B—_ A+ (Cg-30+a)"

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

we get

b-A [1 2V 1 cosn(~/|k|Rp/a)

TB_A+Ca30+a) |3

3+ SCm

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

1+2\/QA 1
3 3c VIE|

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

(42) C = (302M§L72a3)1+a [2 _ 2\/WL

3 30\/@

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

(41) B=A+(3AMIL?)1*e l cosn(v/|k|Rp/a)

cosn(~/|k|Ry/a)

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 wp and it is observed that EoS parameter approaches —1.
Case III: o= -1

In this case EoS (1) becomes

B .
(43) p=Apk = = = Ak — Boa = pa(Anf ‘- B).
A

Inserting the EoS (43) into the relativistic energy conservation equation (8), leads
to a density evolving as

A c =

(44) PA= B 1 BB-Dr-1
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FIGURE 5. Hubble parameter versus red shift for A =1/3, B = 1,
n=—a,a=009 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 = —a,
a = 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=—a,a =05 C=0.4 (black), C =1 (red), C = 1.6 (blue).

Here, again by using pax = ps we get

1., | A C =n
(45) po =59+ V(¢) =pa= {B 1 a3(Bl)(n1):| '

po = 56~ V(6) = pa(Ap} " ~ B)

(46) _{A c } ( A s

B—1 a3B-Dn-1 A c
B-1  @#E-LG-D

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

1
1 A C ey A
(47) v<¢>:2[B1_a3(BU(M)} B—<A A >+1 |
B—1  a@3@B-D(n-1)
48 o [ A C = ' A ,
(48) o= B—1 @3B-Dn-1) +<i_#)—
B—1 @3(B—1)(n—1)
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If we establish the correspondance between the holographic dark energy and ECG
energy density, then using Egs. (2) and (44) we have

=
3EMEL™2 = [3{1 B a3<3_?)(n_1)} |
we get
(49) C = ¢3(B-D(n-1) [—(302M5L_2)(1_”) n BAJ .
By using Eq. (9) with the help of Eqgs. (43) and (44) we get the EoS parameter as
(50) wpn=PA—apt = A s

A c
A (ﬁ - W)
Now, using the EoS parameter of holographic dark energy, i.e., by using Eq. (20)

we get

A l1 20, 1
—-B=—|-+ —cosn(+/|k|Rn/a)
(Bél - a3(B*(17)("*1)> s 5 1

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

_1_2\/91\ 1
3 3c V]|

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

32 M2L-2q-3(B=1))(1-n)
(3¢ M Ba_ : ) %_ 2/ 1k|cosn( TR /a)

3c\/|7

(51) A=(3ML7%) " | B cosn(~\/|k|Ry,/a)

(52) C=

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 wy.
Case IV: n=2,aa=1/2

In this case EoS (1) becomes

B
p = Aipa + Asp} — NV
PA

Taking A; = As = A we get

B B
53 = App + Ap2 — —— = (1 + pp)App — —.
(53) p = Apa + Apx N (14 pa)Apa N
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1.8

1.67

0.8 ~

FIGURE 8. Hubble parameter versus red shift for A = 1/3, B = 3,
a=-1,n =2 (red), n = 3 (blue).
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FIGURE 9. Scale factor versus time for A =1/3, B=3,a=-1,n
= 2 (red), n = 3 (blue).
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FIGURE 10. EoS parameter versus scale factor for A = 1/3, B =
3, a =-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) PA = (jl7

2
where U; = a™* (Xa9/2 + a%A(15X2+9)) ,
where X is the root of AX® + (14 A)X?® — B =0.
Again, by using pa = pg we get

(5) po= 58 +V(8) = pr = U1,

(56)  py = %452 —V(¢) = (14 pa)Apa — \% = AU (14 Uy) — \/%.

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

67) V(9) = S - AL+ U]+

1 B
20,

(58) ¢2=U1[1+A(1+U1)]—ﬁ.
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If we establish the correspondance between the holographic dark energy and ECG
energy density, then using Egs. (2) and (54)

3c2MAL™2 = Uy,

we get

A 2 log((3¢*M2L~2a”)Y/? — Xa®/?)
15X2+9 loga ’

(59)

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

Pa B B
60 wp=—=1+ A— ——=A14+U1) — —.
( ) A PR ( ,OA) pi/2 ( 1) Uf/Q

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

we get

A1 +Th) —

B [1 QMLCOST‘L(\/WRh/Q)

—==-|z+
T ERETIV

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

(61)

A(1L+3EM2L7) + L CLT

3 36\/@

B = (3AML™%)%? cosn(+/|k|Rp/a)

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

rameter approaches —1.
Case V: n=3,a=1/2

In this case EoS (1) becomes

B
p = A1pa + Azp} + Asp} — 7z
Pa

Taking A1 = Ay = A3 = A we get

B B
62 p=Appr+ ApA + Apd — ——= = (1 + pa + p3)Apsr — —.
(62) P Pt AP = o (L+pa +pi)Ap N
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FIGURE 11. EoS parameter versus scale factor for A = 1/3, B =
3,a=0.5n=2.

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

to a density evolving as
(63) pPA = U27

—A 4 2 2
where Uy = a™* (Ya9/2 4 g3 (1Y +15Y +9)) ,
where Y is the root of AY" + AY® + (1+ A)Y3 — B =0.
Again, by using pa = pg we get

1.
(64) po =30 +V(6) = pr = Us,

1. B B
65 = -3? —V(¢p) = (1 +pa+pa)Apr — —— = [1 + Uy + U] AU — ——.
( )p¢ 2¢ (¢) ( PA pA) PA \/fTA [ 2 2] 2 \/Uig

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

(66) V() = %[1 — A+ U, + U3)] + %\/%
B

(67) ¢ =Us[l + A(1 + Uy + U2)] — T
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If we establish the correspondance between the holographic dark energy and ECG
energy density, then using Egs. (2) and (63)

3c2MAL™2 = U,

we get
-2 log((i%czMgL*Qag)1/2 —Ya®?)
21Y4 +15Y2 + 9 loga '
By using Eq. (9) with the help of Egs. (62) and (63) we get the EoS parameter as

(68) A=

WAZP*AZ(1+PA+P?\)A_T/2
PA PA
9 B
(69) = A+ U2+ 02) ~ .
2

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

we get

B 1 2yQ 1
Al + Uy +U3) — =— |+ 22— osn(y/[k|Rh/a)

v 37 3 W

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

(70) B = (3"M2L™%)*?X;,

where X3 = A(1+3c2M2L™2 + (32 M2L™2)?) + 5 + QQﬁcosn(meh/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, a = 1/2

In this case, EoS (1) becomes

B

Px
Taking A; = Ay = ... = A, = A we get
B

B
71 = App+ApZ 4+ o+ AP — —— = (14 pp 4.+ PV N Apy — —.
(71)  p=Apa+ Ap} PR o (1+pa P )Apa N
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FIGURE 12. Hubble parameter versus red shift for A = 1/3, B =
1, =0.5,n =2 (red), n = 3 (blue).
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FIGURE 13. Scale factor versus time for A =1/3, B=1, « = 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) pa = Us,

where Us = a9 (Zag/z +a PO+ 6(n—1)zz<nq>))27
where Z is the root of A Z?" ! + (14 A)Z3 — B=0.

By using the expression

= —
3HY

where Hj is the Hubble parameter today.
H(z) for this case can be obtained in the form of below equation.

(73) Q(2) = [l —c+c(1+2)")?,

where ¢ and [ are constants related to Z, A and B [25].
Again, by using pa = pg we get

1.
(74) Py = §¢2 +V(¢) = pr=Us,
= V) = (1t pnt ot ) APy — =
Py = 5 = PA T oo P PA o
(75) =(1+Us+Ui.. + UM HAUs — B
3 3 \/7
Then, one can easily derive the scalar potential and kinetic energy term as
U 9 1 1 B
(76) V(p) = 5 1-A(14+Us+U;s... 4+ U; )HQ\/U?.’
(77) & = Ugll+ A(L+ Us + U2+ U1 — -2,
VU3

If we establish the correspondance between the holographic dark energy and ECG
energy density, then using Eqgs. (2) and (72)

3c2MAL ™2 = Us,

-2 log((3¢*M2L=2a”)Y? — Za"/?)

78 A=
(78) 9+ > 6(n—1)z2n-1 loga
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By using Eq. (9) with the help of Egs. (71) and (72) we get the EoS parameter as

B
(79) wa = 22 = (L pp + ot P A= g = AQ 4 Us+ 4 Up HA— — .
PA 3

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

we get

B 2/ 1
AL+ Us+ ..+ U A - S E ALY n(\/k| Ry /a)

Us/? 3 3c \/7

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

(80) B = (3¢ M2L7%)%/2X,,

where Xy = A(14+3c¢* M2 L™ +..4+(3¢* M2 L™2)"~ 1)—|—%+2m\/1»cosn V|E|Rp/a).

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

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

_ o9 207272 vy 1
(81) V(p) =2c"My; L™= |1+ 50 \/mcosn(\/WRh/a)

Using Eq. (17) we get

o212 \/QA
(82) V() = 2H"M,Qp _ \/l?cosn VAL Rh/a
j— My ERAUNE cosn a
(53) b= 2(1 R LY )>.

Consider x = Ina, we get
(84) é=¢'H.

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

(85) ¢ = M,, |20 (1 - \/iTA \/1|?|cosn(\/m}2h/a)>.
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FIGURE 14. Hubble parameter versus red shift in the case of arbi-
trary n and a, ¢ = 0.5,1 =1 (green), 1 = 1.3 (red), 1 = 1.5 (black),
1 = 1.7 (blue), 1 = 1.9 (gold).

The Evolutionary form of the field is obtained as

¢(a) — ¢lao) =

Ina
(86) /0 My, |29, (1 - \/iTA \/1|?cosn(\/|?Rh/a)> dx.

where ag is the present time value of scale factor.
Behaviour of V(¢) and ¢(a) is shown in Figs. 15 and 16 respectively where both

V(¢) and ¢(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(¢) versus a for Qp = 0.69 (blue), Q) = 0.73 (red),
Qp = 0.75 (black).
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FIGURE 16. ¢ versus a for Q) = 0.69 (blue), Qp = 0.73 (red),
Qp = 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
wp. The evolution of wy for holographic dark energy versus scale factor is discussed
in Fig. 1. It is seen that the EoS parameter wy is —0.91 < wpy < —0.90 as
a — 1 for the value of 2, = 0.75. Similarly for Q) = 0.73, wy ranges from
—0.90 < wp < —0.89 and 2 = 0.69, wp ranges from —0.88 < wp < —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 pp 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 = —a, 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 wy approaches —1 as scale factor increases.

Fig. 8 shows the evolution of Hubble parameter versus red shift for the case
a = —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 ¢ is plotted in Fig. 9 and
evolution of EoS parameter wy versus scale factor is plotted in Fig. 10. This case

is dual to first case if we take A — —B and n — —a.
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The evolution of Hubble parameter H versus red shift for the case n = 2,3 and
«a = 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(¢) and ¢(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(¢) and dynamics of the scalar field
¢ 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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