
42
East European Journal of Physics. 4. 42–52 (2025)

DOI: 10.26565/2312-4334-2025-4-04 ISSN 2312-4334

MODIFIED QCD GHOST SCALAR FIELD DARK ENERGY IN ANISOTROPIC AND
INTERACTING UNIVERSE MODELS

P. Jnana Prasuna1, T. Chinnappalanaidu2, G. Satyanarayana3, N. Krishna Mohan Raju4, K. Navya5,
Y. Sobhanbabu4*

1Department of Basic Sciences, Sri Vasavi Engineering College (A), Tadepalligudem-534101, India
2Department of Mathematics, Vignan’s Institute of Information Technology(Autonomous), Visakhapatnam, India

3Department of Applied Sciences & Humanities, Sasi Institute of Technology & Engineering (A), Tadepalligudem-534101, India
4Department of Engineering Mathematics and Humanities, SRKR Engineering College (A), Bhimavaram-534204, India

5Department of Basic Science and Humanities, Centurion University of Technology and Management, Vizianagaram-535003, India
∗Corresponding Author e-mail: sobhan.maths@gmail.com

Received July 22, 2025; revised September 23, 2024; in final form October 21, 2025; accepted October 23, 2025

In this work, we study the Bianchi type-III interacting framework of modified QCD ghost dark energy with cold dark matter is being
considered for illustrating the accelerated expansion of the Universe. The equation of state parameter shows evolution of the Universe
completely varies in quintessence region only. The dynamics of scalar field and corresponding potential of various scalar field models
shows consistence behavior with the accelerated expansion phenomenon. Also, the kinetic energy term of k-essence models lies within
the range where equation of state parameter represents the accelerated expansion of the Universe.
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1. INTRODUCTION
Dark Energy (DE) is a captivating and enigmatic component of the Universe, widely believed to be responsible for

its accelerated expansion. This phenomenon has been strongly supported by numerous observational datasets, including
those from Ref [1, 2]. DE exhibits a repulsive gravitational effect, yet its fundamental nature remains largely unknown.
The cosmological constant is the earliest and simplest candidate for DE. However, it suffers from two major theoretical
challenges: the ‘cosmic coincidence’ problem and the ‘fine-tuning’ issue [3], which limit its acceptance in current
discussions of DE. To overcome these limitations, a wide range of dynamical DE models have been proposed, including
quintessence, k-essence, and various perfect fluid models [4]. Among these, perfect fluid models are particularly notable
for their specific forms of the equation of state, encompassing frameworks such as the chaplygin gas family [5, 6],
holographic DE [7, 8], new agegraphic DE [9], and the power-law entropy-corrected models like pilgrim dark energy
(PDE) [10, 11, 12, 13]. Another intriguing approach is the quantum chromodynamics (QCD) ghost DE model, presented
in various versions [14, 15, 16, 17]. Comprehensive reviews of these dynamical models can be found in Copeland et al.
[18] and Bamba et al. [19]. In the framework of QCD, a dynamical DE model known as ‘Veneziano ghost dark energy’
has been proposed, inspired by the concept of the Veneziano ghost. This model originates from attempts to resolve the
long-standing 𝑈 (1) axial anomaly problem in QCD. It has been suggested that the Veneziano ghost can induce non-trivial
physical effects in a Friedmann-Robertson-Walker (FRW) Universe [20, 21]. Specifically, the QCD ghost contributes to the
vacuum energy density through a term proportional to Λ3

QCD𝐻, where ΛQCD ∼ 100 MeV represents the QCD energy scale
and 𝐻 is the Hubble parameter. Although this contribution is relatively small, it plays a significant role in the dynamics
of the Universes evolution.

Importantly, this model has been proposed as a potential solution to two major theoretical challenges of the cosmolog-
ical constant: the fine-tuning problem and the cosmic coincidence problem [22, 23, 24]. The theoretical investigations of
this model via various cosmological parameters have been conducted in several works [25, 26, 27, 28, 29, 30]. Additionally,
its compatibility with observational data has been explored [31], further supporting its relevance in modern cosmology.
Moreover, the Veneziano ghost field in QCD, expressed in the form 𝐻 + O(𝐻2), can provide sufficient vacuum energy
to account for the accelerated expansion of the Universe [32, 33]. However, the conventional ghost dark energy model
incorporates only the leading-order term.

A modified version of this model was later proposed, in which the energy density of generalized ghost dark energy
(QCD) ghost dark energy is associated with the radius of the trapping horizon [34]. The energy density in this formulation
is defined as:

𝜌𝐷 = 𝛼 (1 − 𝜖) 1
𝑟2
𝑇

= 𝛼 (1 − 𝜖)
(
𝐻2 + 𝑘

𝑎2

)
, (1)
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where the parameter 𝜖 is given by

𝜖 ≡
¤̃𝑟𝑇

2𝐻𝑟𝑇
, (2)

and 𝑟𝑇 denotes the trapping horizon radius, 𝐻 is the Hubble parameter, 𝑘 is the spatial curvature, and 𝑎 is the scale factor.
Scalar field models have also been extensively explored as alternatives to DE, including quintessence, tachyon,

k-essence, and dilaton fields. These models have played a significant role in explaining the late-time accelerated expansion
of the Universe. The dynamics of these scalar field models, along with their corresponding potentials, have been
thoroughly investigated in the context of various DE frameworks, such as the holographic dark energy (HDE) model
with Hubble, future event horizon, and Granda-Oliveros infrared (IR) cutoffs, in both flat and non-flat Universe scenarios
[35, 36, 37, 38, 39, 40, 41, 42, 43, 44]. These studies have yielded interesting and insightful results regarding the
behavior of scalar fields and their potentials, offering a valuable theoretical understanding of the Universe’s accelerated
expansion. In our investigation, we have also reconstructed scalar field models in the context of interacting HDE with the
Granda-Oliveros IR cutoff in a non-flat Universe.

There is significant observational support for the possibility of an interaction between DM and DE, with the interaction
typically described through modified conservation equations for their respective energy densities [46]. Observations of the
cosmic microwave Background radiation (CMB), particularly from the Wilkinson Microwave Anisotropy Probe (WMAP),
indicate that the present Universe is largely homogeneous and isotropic on large scales. However, residual anisotropies,
such as those seen in CMB temperature fluctuations, still persist. The study of anisotropic cosmological models is therefore
important for gaining deeper insights into the formation and evolution of the Universe. Among these, Bianchi-type models
are particularly useful, as they represent spatially homogeneous but anisotropic solutions to Einstein’s field equations,
allowing for directional dependencies in cosmic expansion.

Abdul et al. [47] examined the scalar field models such as quintessence, dilaton, tachyon and k-essence in the
background of flat FRW Universe. In the presence of interaction, they studied the dynamics of scalar field models with
their corresponding potentials. Sheykhi [48] focused on interacting HDE models and their correspondence with scalar
field models in a flat Universe. In a non-flat Universe, Sharif and Jawad [49] examined the interaction between HDE and
different scalar field models, including quintessence, tachyon, k-essence, and dilaton, considering various values of the
power-law DE parameter. Sharif and Shamir [50] have studied exact solutions of Bianchi-type I and V space times in
the context of modified theory of gravity. Additionally, Sharif and Zubair [51] investigated anisotropic Universe models
involving a perfect fluid and scalar fields in the modified theories of gravity, concluding that 𝑓 (𝑅) gravity exhibits similar
behavior under varying constraints. Thorsrud et al. [52] have studied cosmology of a scalar field coupled to matter and
an isotropy-violating Maxwell field. Garcı́a-Salcedo et al. [53] have analyzed interacting DE with a trapping horizon in
Bianchi models.

Zubair and Abbas [54] have analyzed reconstructing QCD ghost models in the background of modified theory of
gravotation. Das et al. [55] have investigated aagnetized anisotropic ghost dark energy cosmological model. Azimi
and Barati [56] have analyzed instability of interacting GDE model in an anisotropic Universe. Reddy et al. [57] have
investigated dynamics of Bianchi type-II anisotropic DE cosmological model in the presence of scalar-meson fields.
Hossienkhani et al. [58] have investigated anisotropy effects on QCD ghost dark energy using the cosmological data.
Javed et al. [59] have studied reconstruction of interacting generalized anisotropic scalar field models. Gómez et al. [60]
have discussed anisotropic scalar field DE with a disformally coupled Yang-Mills field. Javed et al. [61] have analyzed
interacting generalized anisotropic scalar field models. Talole et al. [62] have studied QCD-modified scalar field models
of DE, in the presence of both interaction and viscosity, with varying gravitational constant. Bhardwaj and Yadav [63]
have investigated observational constraints on scalar field cosmological model in anisotropic Universe. Sharif and Ajmal
[64] have studied generalized GDE in the framework of modified theory Gravity. Very recently, Archana and Srivastava
[65] have examined the kinematical and geometrical properties of the model as well as interacting ghost scalar field models
of DE in Bianchi type-II Universe.

In this work, we investigate the cosmological evolution of an anisotropic Universe within the framework of general
theory of relativity, using the redshift parameter 𝑧 as a reference. The structure of the paper is as follows: in Section 2, we
present the foundational concepts and define key cosmological parameters, including the energy density of dark energy
and the equation of state parameter. Section 3 provides a graphical analysis of the Bianchi type III model in conjunction
with various scalar field dark energy models, namely quintessence, tachyon, and k-essence. The final section summarizes
and concludes the key findings of this study.

2. METRIC AND FIELD EQUATIONS
The gravitational field in our model is given by a Bianchi type-III metric as

𝑑𝑠2 = 𝑑𝑡2 − 𝐴2 (𝑡)𝑑𝑥2 − 𝐵2 (𝑡)𝑒−2𝑛𝑥𝑑𝑦2 − 𝐶2 (𝑡)𝑑𝑧2, (3)

with 𝐴, 𝐵 and C being functions of the cosmic ’𝑡’ only.
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The Einstein’s field equations (with gravitational units, 8𝜋𝐺 = 1 = 𝐶)

𝑅𝑖 𝑗 −
1
2
𝑅𝑔𝑖 𝑗 = (𝑇𝑖 𝑗 + 𝑇𝑖 𝑗 ), (4)

where 𝑔𝑖 𝑗 is the metric tensor, 𝑅 is the Ricci scalar and 𝑅𝑖 𝑗 is the Ricci tensor, 𝑇𝑖 𝑗 and 𝑇𝑖 𝑗 are the energy-momentum
tensors of matter and dark energy respectively, and they are defined as

𝑇𝑖 𝑗 = 𝜌𝑚𝑥𝑖𝑥 𝑗 (5)

and
𝑇𝑖 𝑗 = (𝜌𝐷𝐸 + 𝑝𝐷𝐸)𝑥𝑖𝑥 𝑗 − 𝑝𝐷𝐸𝑔𝑖 𝑗 , (6)

where 𝜌𝑚 and 𝜌𝐷𝐸 are the energy densities of matter and dark energy respectively and 𝑝𝐷𝐸 is the pressure of the DE.
From equations (5) and (6), we have

𝑇1
1 = 𝑇2

2 = 𝑇3
3 = 0, 𝑇4

4 = 𝜌𝑚 (7)

𝑇1
1 = 𝑇2

2 = 𝑇3
3 = −𝑝𝐷𝐸 , 𝑇4

4 = 𝜌𝐷𝐸 . (8)

The field (4), for the metric (3) with the help of (5) and (6), can be written as

¥𝐴
𝐴
+

¥𝐶
𝐶

+
¤𝐴 ¤𝐶
𝐴𝐶

= −𝑝𝐷𝐸 (9)

¥𝐵
𝐵
+

¥𝐶
𝐶

+
¤𝐵 ¤𝐶
𝐵𝐶

= −𝑝𝐷𝐸 (10)

¥𝐴
𝐴
+

¥𝐵
𝐵
+

¤𝐴 ¤𝐵
𝐴𝐵

− 𝑛2

𝐴2 = −𝑝𝐷𝐸 (11)

¤𝐴 ¤𝐵
𝐴𝐵

+
¤𝐴 ¤𝐶
𝐴𝐶

+
¤𝐵 ¤𝐶
𝐵𝐶

− 𝑛2

𝐴2 = 𝜌𝑚 + 𝜌𝐷𝐸 (12)

¤𝐴
𝐴
−

¤𝐵
𝐵

= 0 (13)

where overhead dot denote differentiation with respect to cosmic time t.
Now solving (13), we get

𝐴 = 𝑐1𝐵 (14)

where 𝑐1 is an integration constant and without loss of generality, we take 𝑐1 = 1, we have

𝐴 = 𝐵 (15)

In order to determine the average anisotropy parameter 𝐴ℎ for a generalized anisotropic cosmological model, it is defined
as follows:

𝐴ℎ =
1
3

3∑︁
𝑖=1

(
𝐻𝑖 − 𝐻

𝐻

)2
, (16)

where 𝐻 is the mean Hubble parameter, and 𝐻𝑖 are the directional Hubble parameters along each spatial direction.
For the specific case under consideration, we take:

𝐻𝑥 = 𝐻𝑦 =
¤𝐴
𝐴
, 𝐻𝑧 =

¤𝐵
𝐵
,

where 𝐴(𝑡) and 𝐵(𝑡) are the directional scale factors in the 𝑥,𝑦 and 𝑧 directions, respectively.
Further, we discuss some solution regarding anisotropic Universe model with scalar field models.
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3. SOLUTION OF THE FIELD EQUATIONS
The field equations (9) to (12) are a system of four highly non-linear differential equations in five unknowns

𝐴,𝐶, 𝑝𝐷𝐸 , 𝜌𝑚, 𝜌𝐷𝐸 . The system is thus initially undetermined. We need one extra physical condition to solve the field
equations completely.

We assume that the expansion scalar (𝜃) is proportional to the shear scalar (𝜎2) [66, 67]. The condition leads to

𝐴 = 𝐶𝑘 , (17)

where (𝑘 > 1).
Now solving equations (9), (11), (15) and (17), we get

𝐴 = 𝐵 = (𝑏𝑡 + 𝑐), 𝐶 = (𝑏𝑡 + 𝑐) 1
𝑘 , (18)

where 𝑏 = 𝑛𝑘√
𝑘2−1

, and 𝑐 = 𝑘𝑐2.
From equations (18) in metric (3), we have

𝑑𝑠2 = 𝑑𝑡2 − (𝑏𝑡 + 𝑐)2𝑑𝑥2 − (𝑏𝑡 + 𝑐)2𝑒−2𝑛𝑥𝑑𝑦2 − (𝑏𝑡 + 𝑐) 2
𝑘 𝑑𝑧2 (19)

Equation (19) represents Bianchi type-III interacting modified QCD ghost scalar field model of DE.
The interacting between CDM and QCD dark energy [68, 69, 70, 71], the continuity equations turn out to be

¤𝜌𝑚 + 3𝐻𝜌𝑚 = 𝑄, ¤𝜌𝐷𝐸 + 3𝐻 (1 + 𝜔𝐷𝐸)𝜌𝐷𝐸 = −𝑄, (20)

where 𝜔𝐷𝐸 =
𝑝𝐷𝐸

𝜌𝐷𝐸
and 𝑄 stands for the equation of state (EoS) parameter and the interaction term respectively, we choose

the interaction as 𝑄 = 3𝑑2𝐻𝜌𝑚 and 𝑑2 is a coupling constant. From (20), we get

𝜌𝑚 = 𝜌𝑚0 (𝑏𝑡 + 𝑐)
(2𝑘+1) (𝑑2−1)

𝑘 (21)

From equation (12), we get

𝜌𝐷𝐸 =
𝑏2 (𝑘 + 2)
𝑘 (𝑏𝑡 + 𝑐)2 − 𝑛2

(𝑏𝑡 + 𝑐)2 − 𝜌𝑚0 (𝑏𝑡 + 𝑐)
(2𝑘+1) (𝑑2−1)

𝑘 (22)

From equation (20), we get

𝜔𝐷𝐸 = −1 + 𝑘

2𝑘 + 1

[2
(
𝑏2 (𝑘+2)

𝑘
− 𝑛2

)
− 𝜌𝑚0 (2𝑘 + 1) (𝑑2 − 2) (𝑏𝑡 + 𝑐)

(2𝑘+1) (𝑑2−2)
𝑘

−4

𝑏2 (𝑘+2)
𝑘

− 𝑛2 − 𝜌𝑚0 (𝑏𝑡 + 𝑐)
(2𝑘+1) (𝑑2−1)

𝑘
−2

]
(23)

Redshift dependence: In cosmological models, the redshift 𝑧 is a measure of the expansion of the universe and is related
to the average scale factor 𝑎(𝑡) by

1 + 𝑧 =
1

𝑎(𝑡) (24)

where the mean scale factor is given by
𝑎(𝑡) = (𝐴𝐵𝐶)1/3. (25)

Using equations (18) and (25), we obtain

𝑎(𝑡) = (𝑏𝑡 + 𝑐)
2+1/𝑘

3 . (26)

Hence, the relation between cosmic time and redshift is

𝑏𝑡 + 𝑐 = (1 + 𝑧)−
3

2+1/𝑘 . (27)

It is observed from Figures 1 and 2 that the energy densities of DM and QCD ghost dark energy remain positive
throughout cosmic evolution. They are decreasing functions in redshift 𝑧. They start with a positive value and they tend
to very close to zero when 𝑧 approaches to negative value. The graphical behavior of the Eos parameter versus redshift (𝑧)
for the different values of 𝑑2 is shown in Figure 3. It can be observed that the Eos parameter (𝜔𝑑𝑒) completely varies in
the quintessence region for various values of 𝑑2 = 0.2, 0.4, 0.6.
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Figure 1. Plot of 𝜌𝑚 versus 𝑧 for b=0.5, k=9.7, c=100,
n=2.521
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Figure 2. Plot of 𝜌𝑑𝑒 versus 𝑧 for b=0.5, k=9.7, c=100,
n=2.521
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Figure 3. Plot of 𝜔𝑑𝑒 versus 𝑧 for the different values of coupling constants (𝑑2), b=0.5, k=9.7, c=100, n=2.521

4. CORRESPONDENCE WITH SCALAR FIELD MODELS IN ANISOTROPIC UNIVERSE
Our objective here is to examine whether a minimally coupled scalar field with a specific action or Lagrangian can

replicate the dynamics of the GDE model. This approach aims to establish a possible connection between the GDE
framework and a more fundamental theory, such as string theory or M-theory, which often involves scalar fields. To this
end, it is meaningful to reconstruct the scalar field dynamics 𝜙 and the corresponding potential𝑉 (𝜙) such that they exhibit
key features of the GDE model. Following the method proposed in [72], we establish a correspondence between the GDE
model and various scalar field models by equating their respective energy densities and equations of state. Through this
correspondence, we reconstruct both the field dynamics and the scalar potential, thereby gaining deeper insight into the
theoretical underpinnings of the GDE framework.

4.1. Reconstructing ghost quintessence model
We adopt the viewpoint that the quintessence scalar field model of DE are effective theories of an underlying theory

of DE [73, 74, 75]. The energy density and pressure for the quintessence scalar field can be written as

𝜌𝑞 =
1
2
¤𝜙2 +𝑉 (𝜙), (28)

𝑝𝑞 =
1
2
¤𝜙2 −𝑉 (𝜙). (29)

Then, we can obtain the scalar potential and the kinetic energy term as

𝑉 (𝜙) =
[
2(2𝑘 + 1)

(
𝑏2 (𝑘+2)

𝑘
− 𝑛2 − 𝑘𝜌𝑚0 (𝑏𝑡 + 𝑐)

(2𝑘+1) (𝑑2−1)
𝑘

−2

)
− 𝑘

(
2 𝑏2 (𝑘+2)

𝑘
− 2𝑛2

)
−𝜌𝑚0 (2𝑘 + 1) (𝑑2 − 1)

] [
2𝑘 (2𝑘 + 1) (𝑏𝑡 + 𝑐)2

]−1
(30)
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¤𝜙 =

√√√√√
2
(
𝑏2 (𝑘+2)

𝑘
− 𝑛2

)
− 𝜌𝑚0 (2𝑘 + 1) (𝑑2 − 2) (𝑏𝑡 + 𝑐)

(2𝑘+1) (𝑑2−1)
𝑘

−4

(2𝑘 + 1) (𝑏𝑡 + 𝑐)2 (31)

Where 𝜔𝑞 =
𝑝𝑞
𝜌𝑞

. For establishing the correspondence between present DE with quintessence scalar field, we identify
𝜌𝐷𝐸 = 𝜌𝑞 and 𝜔𝐷𝐸 = 𝜔𝑞 . The evolution trajectories of potential function and scalar field versus redshit (𝑧) in ghost
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Figure 4. Plot of 𝑉 (𝜙) versus 𝑧 in ghost quintessence
model for the different values of coupling constants (𝑑2),
b=0.5, k=9.7, c=100, n=2.521
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Figure 6. Plot of 𝑉 (𝜙) versus 𝑧 in ghost quintessence model for the different values of coupling constant (𝑑2), b=0.5,
k=9.7, c=100, n=2.521

quintessence model for different values of 𝑑2 are shown in Figures 4 and 5. For 𝑑2 = 0.2, 0.4, 0.6, the quintessence ghost
dark energy both potential function and scalar field decreases during of the Universe. The plot of quintessence potential in
terms of scalar field is shown in Figure 6 representing increasing behavior. The gradually decreasing kinetic energy while
potential remains positive for quintessence model represents accelerate expansion of the Universe for different values of
𝑑2.

4.2. Reconstructing ghost tachyon model
The tachyon field is another approach for explaining DE [76, 77, 78, 79, 80, 81]. The tachyon energy density and

pressure are

𝜌𝑇 = −𝑇1
1 =

𝑉 (𝜙)√︁
1 − ¤𝜙2

, (32)

𝑝𝑇 = 𝑇 𝑖
𝑖 = −𝑉 (𝜙)

√︃
1 − ¤𝜙2. (33)

𝑝𝑇 = −𝑉 (𝜙)

√√√√√
1 −

2
(
𝑏2 (𝑘+2)

𝑘
− 𝑛2

)
− 𝜌𝑚0 (2𝑘 + 1) (𝑑2 − 2) (𝑏𝑡 + 𝑐)

(2𝑘+1) (𝑑2−1)
𝑘

−4

(2𝑘 + 1) (𝑏𝑡 + 𝑐)2 , (34)
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The EoS parameter of tachyon field takes the form

𝜔𝑇 =

2
(
𝑏2 (𝑘+2)

𝑘
− 𝑛2

)
− 𝜌𝑚0 (2𝑘 + 1) (𝑑2 − 2) (𝑏𝑡 + 𝑐)

(2𝑘+1) (𝑑2−1)
𝑘

−4

(2𝑘 + 1) (𝑏𝑡 + 𝑐)2 − 1. (35)

We plot potential function V (𝜙) and scalar field 𝜙 of ghost dark energy tachyon model as shown in Figures 9 and 7.
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Figure 7. Plot of 𝑉 (𝜙) versus 𝑧 in ghost tachyon model for
the different values of coupling constant (𝑑2), b=0.5, k=9.7,
c=100, n=2.521
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Figure 8. Plot of 𝜙(𝑧) versus 𝑧 in ghost tachyon model for
the different values of coupling constant (𝑑2), b=0.5, k=9.7,
c=100, n=2.521

0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

(z)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

V
(

)

d
2
 = 0.2

d
2
 = 0.4

d
2
 = 0.6

Figure 9. Plot of 𝑉 (𝜙) versus 𝜙(𝑧) in ghost tachyon model for the different values of coupling constant (𝑑2), b=0.5,
k=9.7, c=100, n=2.521

The evolution of this model is much similar to quintessence model. The scalar field represents increasing behavior versus
redshift and indicates more steeper behavior for 𝑑2 = 0.2, 0.4. This leads to the decreasing kinetic energy.

We plot potential function 𝑉 (𝜙) and redshift 𝜙(𝑧) of ghost tachyon model as shown in Figure 8. The corresponding
potential function expresses decreasing but positive behavior with respect to redshift. Its decreasing behavior from maxima
gives inverse proportionality to scalar field for the later times. This type of behavior corresponds to scaling solutions in
the brane-world cosmology.

4.3. Reconstructing ghost k-essence model
The k-essence scalar field model of DE is characterized by a scalar field with a non-canonical kinetic energy

[82, 83, 84, 85, 86]. The density and corresponding pressure of k-essence model are of the form R

𝜌𝑘 = 𝑉 (𝜒) (−𝜒 + 3𝜒2), 𝑝𝑘 = 𝑉 (𝜙) (−𝜒 + 𝜒2). (36)

where 𝜒 =
¤𝜙2

2 . The EoS parameter has the form

𝜔𝑘 =
𝑝𝑘

𝜌𝑘
=

𝜒 − 1
3𝜒 − 1

(37)
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in which 𝜒 experienced the accelerated expansion of the Universe in the interal ( 1
3 ,

2
3 ). Taking 𝜔𝑘 = 𝜔𝐷𝐸 , we obtain

𝜒 =
1

2(2𝑘 + 1) (𝑏𝑡 + 𝑐)2

[
2
(
𝑏2 (𝑘+2)

𝑘
− 𝑛2

)
− 𝜌𝑚0 (2𝑘 + 1) (𝑑2 − 2) (𝑏𝑡 + 𝑐)

(2𝑘+1) (𝑑2−1)
𝑘

−4
]
, (38)

The EoS parameter has the form

𝜔𝑘 =

1
2(2𝑘 + 1) (𝑏𝑡 + 𝑐)2

[
2
(
𝑏2 (𝑘+2)

𝑘
− 𝑛2

)
− 𝜌𝑚0 (2𝑘 + 1) (𝑑2 − 2) (𝑏𝑡 + 𝑐)

(2𝑘+1) (𝑑2−1)
𝑘

−4
]
− 1

3 · 1
2(2𝑘 + 1) (𝑏𝑡 + 𝑐)2

[
2
(
𝑏2 (𝑘+2)

𝑘
− 𝑛2

)
− 𝜌𝑚0 (2𝑘 + 1) (𝑑2 − 2) (𝑏𝑡 + 𝑐)

(2𝑘+1) (𝑑2−1)
𝑘

−4
]
− 1

. (39)
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Figure 10. Plot of 𝜒 versus 𝑧 in ghost k-essence model for
the different values of coupling constant (𝑑2), b=0.5, k=9.7,
c=100, n=2.521
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Figure 11. Plot of 𝜙(𝑧) versus 𝑧 in ghost k-essence model
for the different values of coupling constant (𝑑2), b=0.5,
k=9.7, c=100, n=2.521

The plot of 𝜒 versus redshift is shown in Figure 10 for various values of 𝑑2. It can be observed that the region within
the range where the EoS parameter of k-essence ghost dark energy model shows consistency with the accelerated Universe.
We plot scalar field 𝜙 of ghost dark energy k-essence model as shown in Figure 11, representing decreasing behavior in
the present epoch for the various values of 𝑑2. The potential function versus scalar field is shown in Figure 12, indicates
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Figure 12. Plot of 𝑉 (𝜙) versus 𝜙(𝑧) in ghost k-essence model for the different values of coupling constant (𝑑2), b=0.5,
k=9.7, c=100, n=2.521

the increase in potential with increase in scalar field but k-essence scalar field decreases with expansion of the Universe.

5. CONCLUSIONS
In this work, we study the Bianchi type-III interacting framework of modified QCD ghost dark energy with cold

dark matter is being considered for the accelerated expansion of the Universe. We have studied various cosmological
parameters to analyze the viability of the models and our conclusions are the following:
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• The energy densities of DM and QCD ghost dark energy remain positive throughout cosmic evolution. They are
decreasing and start with a positive value and they tend to very close to zero when 𝑧 approaches to negative value.
The graphical behavior of the Eos parameter (𝜔𝑑𝑒) completely varies in the quintessence region for various values
of 𝑑2 = 0.2, 0.4, 0.6.

• For ghost quintessence model, the evolution trajectories of potential function and scalar field for different values of 𝑑2

are shown in Figures 4 and 5. For 𝑑2 = 0.2, 0.4, 0.6, the quintessence ghost dark energy both potential function and
scalar field decreases during of the Universe. The plot of quintessence potential representing increasing behavior.
The gradually decreasing kinetic energy while potential remains positive for quintessence model represents accelerate
expansion of the Universe for different values of 𝑑2.

• For ghost tachyon model, the evoution of this model is much similar to quintessence model. The scalar field
represents increasing behavoir versus redshift and indicates more steeper behavior for 𝑑2 = 0.2, 0.4. This leads to
the decreasing kinetic energy. The corresponding potential function expresses decreasing but positive behavior with
respect to redshift. Its decreasing behavior from maxima gives inverse proportionality to scalar field for the later
times. This type of behavior corresponds to scaling solutions in the brane-world cosmology.

• For ghost k-essence model, The plot of 𝜒 can be observed that the region within the range where the EoS parameter
of k-essence ghost dark energy model shows consistency with the accelerated Universe. We plot scalar field 𝜙 of
ghost dark energy k-essence model representing decreasing behavior in the present epoch for the various values of
𝑑2. The potential function versus scalar field is indicates the increase in potential with increase in scalar field but
k-essence scalar field decreases with expansion of the Universe.
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[60] L.G. Gómez, Y. Rodrı́guez, and J.P.B. Almeida, Int. J. Mod. Phys. D, 31, 2250060 (2022). https://doi.org/10.1142/

S0218271822500602
[61] W. Javed, I. Nawazish, and N Irshad, Eur. Phys. J. C, 81, 149 (2021). https://doi.org/10.1140/epjc/s10052-020-08555-x
[62] R. Talole, et al. Romanian Astron. J. 33, 81 (2023). https://doi.org/10.59277/RoAJ.2023.1-2.06
[63] V.K. Bhardwaj, and A.K. Yadav, arXiv:2308.02864, (2023). https://doi.org/10.48550/arXiv.2308.02864
[64] M. Sharif, and M. Ajmal, Chinese J. Phys. 88, 706 (2024). https://doi.org/10.1016/j.cjph.2024.02.031
[65] A.G. Ingie, and K. Srivastava, AIP Con. Proc. 3139, 090007 (2024). https://doi.org/10.1063/5.0224769
[66] C.B. Collins, et al. Gen. Relativ. Gravit. 12, 805 (1980). https://doi.org/10.1007/BF00763057
[67] A. De, M. Sanjay, et al. Eur. Phys. J. C, 82, 72 (2022). https://doi.org/10.1140/epjc/s10052-022-10021-9
[68] O. Bertolami, F. Gil Pedro, et al. Phys. Lett. B, 654, 165 (2007). https://doi.org/10.1016/j.physletb.2007.08.046
[69] L.L. Honorez, et al. JCAP, 09, 029 (2010). https://doi.org/10.1088/1475-7516/2010/09/029
[70] H. Kim, H.W. Lee, and Y.S. Myung, Phys. Lett. B, 632, 605 (2006). https://doi.org/10.1016/j.physletb.2005.11.043

https://doi.org/10.1016/j.physletb.2010.03.080
https://doi.org/10.1103/PhysRevD.78.083505
https://doi.org/10.1142/S021827181102041X
https://doi.org/10.1007/s10509-012-0977-x
https://doi.org/10.1209/0295-5075/95/39001
https://doi.org/10.1016/j.physletb.2012.02.030
https://doi.org/10.1088/0264-9381/30/6/065018
https://doi.org/10.1140/epjc/s10052-013-2565-9
https://doi.org/10.1140/epjc/s10052-013-2565-9
https://doi.org/10.1103/PhysRevD.86.023511
https://doi.org/10.1103/PhysRevD.86.045026
https://doi.org/10.1103/PhysRevD.86.023511
https://doi.org/10.1103/PhysRevD.88.043008
https://doi.org/10.1103/PhysRevD.74.103505
https://doi.org/10.1016/j.physletb.2006.09.027
https://doi.org/10.1016/j.physletb.2008.12.025
https://doi.org/10.1016/j.physletb.2009.12.060
https://doi.org/10.1140/epjc/s10052-007-0408-2
https://doi.org/10.1016/j.physletb.2012.02.030
https://doi.org/10.1088/1742-6596/354/1/012012
https://doi.org/10.1088/1475-7516/2010/03/001
https://doi.org/10.1103/PhysRevD.84.107302
https://doi.org/10.1088/0253-6102/64/5/590
https://doi.org/10.1007/s10509-015-2299-2
https://doi.org/10.1088/1475-7516/2009/09/018
https://doi.org/10.1088/0253-6102/64/5/590
https://doi.org/10.1103/PhysRevD.84.107302
https://doi.org/10.1140/epjc/s10052-012-2097-8
https://doi.org/10.1088/0264-9381/26/23/235020
https://doi.org/10.1088/1475-7516/2012/03/028
https://doi.org/10.1007/JHEP10(2012)066
https://doi.org/10.1088/0143-0807/36/2/025008
https://doi.org/10.1007/s10509-015-2387-3
https://doi.org/10.1007/s10509-015-2346-z
https://doi.org/10.1007/s10773-016-2961-7
https://doi.org/10.1139/cjp-2018-0403
https://doi.org/10.1007/s10509-020-03771-z
https://doi.org/10.1140/epjc/s10052-020-08555-x
https://doi.org/10.1142/S0218271822500602
https://doi.org/10.1142/S0218271822500602
https://doi.org/10.1140/epjc/s10052-020-08555-x
https://doi.org/10.59277/RoAJ.2023.1-2.06
https://doi.org/10.48550/arXiv.2308.02864
https://doi.org/10.1016/j.cjph.2024.02.031
https://doi.org/10.1063/5.0224769
https://doi.org/10.1007/BF00763057
https://doi.org/10.1140/epjc/s10052-022-10021-9
https://doi.org/10.1016/j.physletb.2007.08.046
https://doi.org/10.1088/1475-7516/2010/09/029
https://doi.org/10.1016/j.physletb.2005.11.043


52
EEJP. 4 (2025) P. Jnana Prasuna, et al.

[71] L. Amendola, Phys. Rev. D, 62, 043511 (2000). https://doi.org/10.1103/PhysRevD.62.043511
[72] V. Sahni, and A.A. Starobinsky, Int. J. Mod. Phys. D, 15, 2105 (2006). https://doi.org/10.1142/S0218271806009704
[73] E.J. Copeland, M. Sami, et al. Int. J. Mod. Phys. D, 15, 1753 (2006). http://dx.doi.org/10.1142/S021827180600942X
[74] B. Ratra, and J. Peebles, Phys. Rev. D, 37, 3406 (1988). https://doi.org/10.1103/PhysRevD.37.3406
[75] R.R. Caldwell, R. Dave, and P.J. Steinhardt, et al. Phys. Rev. Lett. 80, 1582 (1998). https://doi.org/10.1103/PhysRevLett.80.1582
[76] A. Sen, JHEP, 10, 008 (1999). https://doi.org/10.1088/1126-6708/1999/10/008
[77] A. Sen, JHEP, 04, 048 (2002). https://doi.org/10.1088/1126-6708/2002/04/048
[78] A. Sen, JHEP, 07, 065 (2002). https://doi.org/10.1088/1126-6708/2002/07/065
[79] E.A. Bergshoeff, et al. JHEP, 05, 009 (2000). https://doi.org/10.1088/1126-6708/2000/05/009
[80] T. Padmanabhan, Phys. Rev. D, 66, 021301(R) (2002). https://doi.org/10.1103/PhysRevD.66.021301
[81] T. Padmanabhan, and T.R. Choudhury, Phys. Rev. D, 66, 081301(R) (2002). https://doi.org/10.1103/PhysRevD.66.081301
[82] T. Chiba, and T. Okabe, et al. Phys. Rev. D, 62, 023511 (2000). https://doi.org/10.1103/PhysRevD.62.023511
[83] C. Armendariz-Picon, V. Mukhanov, et al. Phys. Rev. Lett. 85, 4438 (2000). https://doi.org/10.1103/PhysRevLett.85.4438
[84] C. Armendariz-Picon, V. Mukhanov, and P.J. Steinhard, Phys. Rev. D, 63, 103510 (2001). https://doi.org/10.1103/PhysRevD.63.

103510
[85] C. Armendariz-Picon, T. Damour, et al. Phys. Lett. B, 458, 209 (1999). https://doi.org/10.1016/S0370-2693(99)00603-6
[86] J. Garriga, and V. Mukhanov, Phys. Lett. B, 458, 219 (1999). https://doi.org/10.1016/S0370-2693(99)00602-4

МОДИФIКОВАНА ТЕМНА ЕНЕРГIЯ КХД-ПРИМАРНОГО СКАЛЯРНОГО ПОЛЯ В АНIЗОТРОПНИХ
ТА ВЗАЄМОДIЮЧИХМОДЕЛЯХ ВСЕСВIТУ

П. Джнана Прасуна1, Т. Чiннаппаланайду2, Г. Сатьянараяна3, Н. Крiшна Мохан Раджу4, К. Навья5,
Й. Собханбабу4

1Кафедра фундаментальних наук, Iнженерний коледжШрi Васавi (A), Тадепаллiгудем-534101, Iндiя
2Кафедра математики, Iнститут iнформацiйних технологiй Вiньяна (автономний), Вiшакхапатнам, Iндiя

3Кафедра прикладних наук та гуманiтарних наук, Технологiчний iнститут Сасi та iнженерiя (A),
Тадепаллiгудем-534101, Iндiя

4Кафедра iнженерної математики, Iнженерний коледж SRKR (A), Бхiмаварам-534204, Iндiя
5Кафедра фундаментальних наук та гуманiтарних наук, Унiверситет технологiй та менеджменту Центурiон,
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Уцiй роботi ми вивчаємо взаємодiючу структуру Бiанкi типу III модифiкованої КХД-темної енергiї-привида з холодною темною
матерiєю для iлюстрацiї прискореного розширення Всесвiту. Параметр рiвняння стану показує, що еволюцiя Всесвiту повнiстю
змiнюється лише в областi квiнтесенцiї. Динамiка скалярного поля та вiдповiдний потенцiал рiзних моделей скалярного поля
демонструють узгоджену поведiнку з явищем прискореного розширення. Також член кiнетичної енергiї k-есенцiйних моделей
знаходиться в дiапазонi, де параметр рiвняння стану вiдображає прискорене розширення Всесвiту.
Ключовi слова: Бiанкi типу III; темна енергiя-привид КХД; холодна темна матерiя; моделi скалярного поля
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