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Abstract: We intend to analyze the behavior of generalized ghost dagtgy model (GGDE) in the framework - corrected
Friedmann Equations for three different choices of cosgiold scale factor namely emergent, intermediate and linigite scenarios.
The behavior of some cosmological parameters are stud@uisty some consistency with the observations. For thelgtaanalysis,

we discuss the role of the squared speed of dark energy@ide observe a type of fluctuation between stability and ufigtab
behaviors in our model Scenarios.
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1 Introduction can eliminate the fine tuning problem proposed by
standard cosmology. In1p,18] the GDE model is

Recent cosmological observations show that our univers€onsidered to have the energy density in the form:

is in accelerating mode 1[2,3,4,5]. This cosmic p— qgH, (1)
acceleration can be explained by assuming a fluid with ) .

large negative pressure denoted as dark energy (DE) dg¥here, a is some constant parametéd, = a(t) /a(t)

the energy of vacuum. The simplest candidate for dark'€Presents the Hubble parametit) is the scale factor
energy is the cosmological constart [6,7]. Since andais its first derivative with respect to cosmic time
mid-nineties, the behavior of dark energy is studied using__ "€ vacuum energy of t2he Veneziano ghost field in
models like quintessencé][ tachyon ], phantom L0,  QCD takes the fornH +O(H<). That way Eq.{) can be
dilaton [L1] and quintom field 12], Holographic DE 3] mod|fleq to a more general form which is known as
and cold dark matteACDM [14]. A new model of dark ~ 9eneralized ghost dark energy GGDES[20, 21]:

energy called Veneziano ghost dark energy (GDE) is

proposed to find a solution for th&(1) Quantum _ 2

chromodynamics QCD problen¥][ Within this theory p=aH+oH% @
ghosts field may be considered as a candidate for the danghere, d is a constant parameter. The addition of the
energy where no new degree of freedom or newsecond high order term shows a good agreement with
parameter is added to modify gravity and that what givesobservational data more than the normal GDE model.

this theory its power compared to the others modified  Putting the GGDE together with quantum corrected
gravity models. Also, its vacuum energy can be used toFriedmann equations on the same frame is the aim of this
explain the time-varying cosmological constant in awork to investigate the behavior of the equation of state
space-time, since the ghost field has no contribution to theyarameterw, the deceleration parametgr square speed
vacuum energy in the Minkowskian spacetime. Theof DE fluid V3 and state finder operatassndr.

energy density of the vacuum ghost field is proportionalThis work is arranged as follows. In next section the
to AdepH, whereAqep is the QCD mass scale and is  model is considered. In section 3, we study the evolution
the Hubble parameteflf, 17]. A correct choice ofAqcp of the cosmological parameters. Namely, equation of state
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parameterw, deceleration parameter and geometrical which represents the conservation of energy, which has

state-finder parameters and s for the emergent, the form:

intermediate and logimidate scenarios and finally the.

perspective is presented in section 4. p+3Hp(1+w)=0. (8)
One can write the second Friedman equation witthan
correction as:

2 TheMode (1+ w)

. 4nG

a= Tap(1+ a))—4nprqIf,p (9)
Egs. ) and Q) are considered as the quantum
rected Friedmann equations derived within the context
of Newtonian mechanics. The fractional energy densities

_ Effective field theory plays an important rule 10 (o be DM and curvature parameter are given by the
distinguish between the quantum effects of the lowfollowing quantitiesf:

energy particles from the physics at high energy. The

Effective field theory is considered to study the quantum
structure of general relativity at scales below the PlanckcOr
mass [9,20].

latter effects are represented by the most general series ?5 _ Po _ 8nG(t) po (10)
effective Lagrangians which are consistent with the ° ~ Per  6H2
symmetry of general relativity2[l]. In the effective field om  87G(t) pm
theory of gravity, quantum loop calculations lead to well Qm = — = ~eHZ (112)
defined results in the low energy limit, which for one loop Por
correction is proportional tdh. By using the Fourier o _ k (12)
transform, one can write the quantum mechanical a?H?’
correction to the potential in the forra3,22]: where, p.r indicates the critical energy density and G is
the gravitational constant.

GM1M> G(M1+ My - Gh

¢>(r):— r [1+/\ ( rc2 ) —V@—F], (3)

where,A andy are two parameters that can take different
values depending on the authors and r is the distanc® GGDE in the h Correction Frame for
between two objects, G is the gravity constant Rislthe .

planks constant, we redefimle— r. = r(1+aGM/r) ). Different Scale Factor Models
Many of the different values foy, which vary in sign are
found in the literature 17,23,22]. By considering the
gravity as an effective theory, one can write the correcte
potential as & - corrections to the Newtonian potential

In this section, we are going to analyze our model through
tudying the evolution of some cosmological parameters
or the three different choices of the cosmological scale

[23; factor. One can write EB] for dark energy dominate
' universe as:
o) — _ CMiM; 1 Gh | @ po +3Hpp(1+wp) =0. (13)
(r) = r Yar2cs Fods For interacting case, one finds:

By assuming the quantum correction as mentionedop +3Hpp(1+ wp) = Q, (14)

before, the total energy due to the quantum correction 'Swhere,Q represents the interaction term which can be

given by 3; considered as an arbitrary function of cosmological
1 da, GMm G2AMm parameters, like the Hubble parametdr and energy
E= Qm(a) T T a Y B3 () densities of the model. We assume the fa@ra: bgp [24]

) ) for dark energy dominate universe, whele,is the
By using the energy densityand plank length one can  ¢oupling parameter between dark matter (DM) and dark
write [23]: energy (DE). Due to the unknown nature of DM and DE,
oF 1 da 8 12y, different Lagrangians have been proposed to generate this
— = —2(—)2— ~TGp(1— p—z). (6) interaction term. Actually, a suitable form & can be
mas  a " dt 3 a reconstructed using the theory of quantum gravity or
SinceH = a(t)/a(t), the first Friedmann equation with an through an observation scheme using the SNia dzfa [

R-correction can be written ag3]: 26].
By differentiating Eq.{) with respect to the cosmic

k_8 15y time t and using E i

2, K _© . 'pha ime t and using EqlQ), then after some algebraic steps,
Ho+ 2 =3Pl Yz ): () one finds:

In this work we consider the system of units in whigh -k  8m at 21y 2y(1+ap),
andl, equal to 1. By using the equation of continuity, ~* — g2 — 3[2(1+“b)+ a2H ax (15)
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Adding Eq.(7) to Eq.(L5) and dividing byH? one finds: universe grows without bound over time.
2  2dpape Now, we study Fhe behavior of the decele;ration parameter
871G (PGDE— p¥a ("GDEZ‘ a )) q that gives an idea about the rate at which the expansion
H @ of the universe is slowing down due to what is called self
1+ e =1+ ViE (16)  gravitation. It is given by:
Now, we derive the reconstructed cosmological H
quantities that we need for our model by assuming three qg=-1- . (21)

2
different scenarios for the cosmological scale factor. H
In Fig.(1-e), the deceleration parametgs plotted as
. ) a function of cosmic timet . We notice thatq < O

3.1 Emergent Scenario of the Cosmol ogical indicates accelerated expansion behavior of the universe

Scale Factor which supports recent observations. To Study the stability
of our model, we analyze the squared speed of DE fluid

The emergent scenario assumes that the universe ighich is the ratio of dark energy pressure to the energy

isotropic and homogeneous at large scales. Also thelensity of dark energy2B]. For GGDE assuminch

universe is accelerating as suggested by recentquantum corrected universe, the squared speed of dark

cosmological measurements. The emergent scale factdluid liquid takes the form17,18]:

could be written asq7]: B

2 _
a=ag(A+e")P an Vo= (22)
where,ag, A, u andf3 are four positive parameters of the where
model. In this case one can find an expression of Hubble '
parameter as: Po = tbPp + Potb. (23)
a puet - . . )
== Combining Eq.22) with Eq.(23), yields:
A= ok (18) 0 E0£2 with Eq.03.y
Instead, the general expression mfgpe could be 2 tap(t)
written, using Eq.(2), as: Vb = ap(t) — 4a (wp(t) +1)° (24)
t 2 22Ut
PEGDE = c/r\Bue“t B~ou et22 (29) The sign ofV,§ is very important to determine the
+e (A +et) stability of the evolution of our model2p]. A positive
we assume parameters values value indicates that the model is stable whereas InSMblht

a =012y = *1_‘(1)1,,\ =03,u=0.38=0305and Of agiven perturbation corresponds to the negative value
0.7 for emergent case. In Fig. (1-a), the growth of of V3. In Figs.(1-f and 1-g), the evolution & against
emergent energy density against cosmic time isthe cosmic time is studied for both non-interacting and
considered, showing an increasing behavior over thdnteracting cases, It can be observed that our model for
given time range. both cases, shows a type of stablmg > 0 at low values
Using Eq.(0) and Eq.), it is possible to obtain the ©of 3 while _mstablhty is observed for_hlghzvalue Bf over
derivative of Qp with respect to the cosmic time t. Since the considered time range, sinc¥; < 0. For
Q) = % _ 2 e can write the mathematical Complettgnels;, we n|1ake some anal?l/sgs forf' tge
ogeometrical dimensionless parameters called state finder

dx
expression for the fractional DE density which is used t .
parameters ands. These parameters are given BY. [

study the evolution of dark energy, as:

—3ut t\3 (BuPet _ pue! '
g TG 3+ (5er — o) o0 r=2 g, (25)
where, we have used the fact tht= % = 1. The primes s— r-1 (26)
indicate derivatives with respect o= Ina. By using the 3(q — %) ’
present values for the parameters, Fig.(1-b) shows that
Qp <0. We can easily find a single parametric relation

Combining Eq.L3) and Eq.(4) together with the first betweernr andsin s—r plane as shown in Fig.(1-h). The
derivative ofp in Eq.(2), we can study the evolution of trajectories inr —s plane lead to different cosmological
EoS parameterswp for both non-interacting and models demonstrating different behavior over the
interacting models against cosmic time as shown inconsidered phantom regime. Actually, these types of
Figs.(1-c and 1-d). We observe thadl < —1. This  parameters are used to investigate the universe expansion
indicates phantom regime is started, showing that thescenarios.
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3.2 Intermediate Scenario of the Scale Factor 3.3 the Logamediate Scenario of the Scale

In the intermediate scenario, the scale faei@) is given Factor

by [Zﬂ,'n We now consider the logamediate scenario of the scale
a=e"", (27)  factor, which is defined a2y]:

where,B andm are two positive constants which should ot ()

satisfy the following conditionsBm > 0, B> 0 and &= @€ (32)

0 <m< 1 [27. For the intermediate scenario, the \yhere A and { are two constant parameters which

expansion of universe is faster than Power-Law form,gatisfying the condition& > 0 and > 1. The Hubble
where the scale factor takes the foraft) =t"; n> 1. parameteris given by:

Moreover, the expansion of the univer@5,26] is slower

for standard de-sitter scenario whene= 1. H— AZlogt (1) (33)
The Hubble parameter could be written as: - t ’

H = Bmt™ . (28) and the logamediated energy density is given by:
The energy density for the intermadate casgpe 25 72|20 —2 71

could be written, using Ec2f as: OLGDE = and |(t)29 ) anl Iotg ® (34)

_ 2 s12m—2 m-1

Prope = MPB%3t +amBt (29) We assume the parameters values

The parameters values are

B I Lesiad 8 =012y = 7 A =0.3,u=03,{ =3,5and 7, for
'Bt_ 2, ‘g. ? 100M _F.0.3, O.g and h07 arteh used V\Itohr #ogamediate caslg. In Fig. (1-a), the growth of logamediate
intermediate case. Figure(2-a), shows the growth Ofgnerqy density against cosmic time is considered,

intermediate energy density against cosmic time, showing,o\ing an increasing behavior over the given time range.

a decreasing behavior over the given time range. To study-|jowing the same method as before, one finds the
the evolution of GDE, we derive an expression@ as:  fractional energy density as:

_ 4maG(m—1)tt-2m e

!
3822 (30) of=

Inserting the present values for the parameters, Fig(1
b) shows thatQ, > 0, indicating that DE now is greater
than the past.

Using Eg.(3 and Eq.(4) together with the first
derivative of p in Eq.(2) respectively, the evolution of der
EoS parameterswp for both non-interacting and
interacting model against cosmic time is considered in
Figs.(2-c and 2-d). We observe thatl < w < —%,
indicating quintessence like behavior.

4naGt3log® 3¢ (t) <A<Zfl>izlog<*2(t) _ AZlogé L(t)

Qp = >(35)

3A3Z3
By using the present values for the parameters, Fig. (1-b)
shows tha2j, < 0.

Using Eq.(3) and Eq.04) together with the first
ivative ofp in EQ.@), the evolution of E0S parameters
wp for both non-interacting and interacting model against
cosmic time is considered in Figs.(3-c and, 3-d), we
notice thatw < —1..

The deceleration parameter, using BRd)( for

The intermediate deceleration parameter fornon—interactingcaseisgiven by:

non-interacting case using E&1j, is given by:
-2 -1
g=—1—((=1+mt ™/(Bm). (31) 2log? % (1) (A(Zflﬂt;ogz t) _ AZlog* ()

t2 )
In Fig.(2-e), the deceleration parametgs plotted as ~ d=— A272 —1(36)
a function of cosmic time. We notice thgtstarts with a . ) .
positive value showing a decreasing behavior with time I Fig.(3-e), the deceleration parametgs plotted as
staying at a negative level indicating a type of contraction@ function of cosmic time. We notice thaty stays at a

followed by accelerated expansion of the universe. negative level indicating an accelerated expansion of the
In Figs.(2-f and 2-g), we observe a type of instability universe. In Figs. (3-f and 3-g), the evolution W§
for both scenarios; sindés < 0. against the cosmic time is considered for both

Using Egs. 25) and @6) together with EqsZ8) and ~ Nnon-interacting and interacting cases. We notice that both
(31), the trajectorieg o|f_sp|ane are p|otted in F|g(2-h) cases ShOW a type of Stability over the considered time
showing a decreasing behavior over the considered timénge, sinc&{ > 0.
range. It is well known that ins—r plane, a
quintessence-like behavior of dark energy corresponds to
s > 0 while a phantom-like model of dark energy
corresponds tes < 0. The transition from phantom to 4 Perspective
quintessence or the opposite is represented by crossing
the pointr = 1 and s = 0 which denotes aA\CDM The generalized ghost dark energy GGDE in framework
behavior. of h-quantum corrected universe is considered for
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different choices of the cosmological scale factor namely[9] Sen, A.J.; H. En. Physt, 48, 2002 .
emergent, intermediate and logimedate scenarios. ThEO0] Caldwell, R.R.; Phys. Lett. B545, 23, 2002.
behavior of the reconstructed equation state parametdil] Arkani-Hamed, Net al.; J. Cosmol. Astropart. Phyd, 1,
(EoS) for both interacting and non-interacting dark  2004.
energy models is studied. We observe EoS stays generally}2] Anisimov, A.; Cosmol. Astropart. Phys, 6, 2005.
in the negative level, for intermediate cases< = 13] Li, M.; Phys. Lett. B.603, 1, 2004. _ _
shows a type of quintessence like behavior while for[l4] Kamenshchik,A., Moschella, U.; Pasquier, V.; Physics
emergent and logimediate case a phantom behavior is Letters B.511265, 2001,
noticedw < —1 implies a type of negative kinetic energy 121 Wel, H., Cai, R.G, Physics Letters BGGO, 113, 2008.
representing the necessary condition for universdi8) Sheykhi, A Phys. Lett. B., 680, 113,2009.
. . . L 17] Ebrahimi, E. et al.; Cen. Eur. J. Physl], 1, 2013 .

expansion and forming what is known as big rip. On .

. . . [18] Khurshudyan, M. gt al.; Int.J.Theor.Phys. 54 no.9, 3251-
studying the evolution of the deceleration parameter 3267 2015
with cosmic tllme for the three scenarios, we notice that, 19] Donoghue, J. F. : Phys. Rev. D 50, 3874, 1994.
the deceleration parameter passes from decelerated 0] Weinberg, S.: Physica96, 327 ,1979.
accelerated phases in some cases but generally we fourpsh] zhitnitsky, A.R.; Phys.Rev. D86, 2012.
that g < 0, leading to the fact that the universe is in [22] Burgess, C. P.; Living Rev. Rel.75, 2004.
accelerated expansion mode. Through the study of the>3] Bargueno, P.; EJPC, 76:543, 2016.
behavior of the square of speed of DE fluid, it is noticed [24] Pathak, S.D., Verma, M.M., Khlopov, Yu., Myrzakulov,;R
that v2D < 0 leading to a type of instability for both Eur, Phys. J., 2015.
emergent and intermediate cases while a type of stability25] Praseetha, P., Mathew, K.; Pramana J. of Phys., 86,1% 20
is observed for logimidate case sineg > 0 over the .
considered time range. [26] Zhang, X.; Phys. Rev. D 74, 103505, 2006.
Finally, an investigation for the behavior of state finder [27] Debnath U., Jamil M., Chattopadhyay S. IJTP 51, 51, 2012
parameterss and r is assumed for emergent and
intermediate cases. One notices that a decreasing
behavior with the quintessence evolution of our model,
showing that our model can verify th®CDM phase of
the universe which implies the interaction between dust
and ACDM phase of the universe. By considering the
most recent negativg [23], one finds that the considered
cosmological parameters are assumed to be strongly
dependent on time in a nonlinear manner. The assumed
model shows some good consistency with the recent
observed datal]. Actually, the evidence for accelerating
expansion of the universe which is more significant now,
makes a progressive step to understand the nature of D
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