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Abstract. Nonlinear propagation of an ion-acoustic dressed soliton is studied in unmagnetised plasma consisting
of ion, positron and non-thermal electron. The exact soliton solution is derived using the reductive perturbation
method (RPM) with the help of renormalisation procedure. This exact solution reduces to the dressed soliton solution
when Mach number is expanded in terms of soliton velocity. The effects of non-thermal electrons, soliton velocity
and Mach number on the characteristics (amplitude, width and product of amplitude and square of width) of the
KdV soliton, core structure, dressed soliton and exact soliton are discussed in detail.
Keywords. Soliton; reductive perturbation method; KdV equation; positron; non-thermal electron.
PACS Nos 52.35.Mw; 52.35.Sb

1. Introduction
The solitary waves can be expected to play important
roles in the nonlinear transport processes in plasma
[1–36]. Small but finite-amplitude ion-acoustic solitons
have been studied in a magnetised low-β plasma [4].
Effects of magnetic field and negative ion concentration on soliton have been studied in inhomogeneous
plasmas [8–13]. Malik and Kawata [9] have studied the
oblique propagation of the compressive and rarefactive
soliton in magnetised plasmas. They studied the effects
of gyratory and thermal motions of ions on the amplitude and width of the solitons. An electron–positron pair
plasma having dust impurity [20,22] and magnetic field
[21] is studied under the effect of negatively charged
dust grains. Singhadiya and Chawla [27] studied the
effect of superthermal electrons and positrons on ionacoustic compressive and rarefactive solitary waves in
unmagnetised plasmas. They found that on increasing
the value of positron concentration and spectral indexes
of superthermal electrons, the amplitude of rarefactive
(compressive) solitary wave decreases (increases) and
width of the solitary wave increases as spectral indexes
of superthermal electrons increases.
Many studied the magnetised [1,2,6,14,15,18,23,26]
and unmagnetised [7,25] plasma having non-thermal
electron. Gill et al [7] have studied theion-acoustic
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solitary wave in plasma consisting of positive and
negative ions with non-thermal electrons. Mishra and
Jain [18] studied the effect of non-thermal electron
on ion-acoustic solitary waves in magnetised plasma.
They studied the effect of non-thermal parameters on
amplitude and width. Rufai [23] studied the solitary
wave in magnetised non-thermal plasma. He found the
effect of non-thermal electron on the characteristics of
the solitary wave. Chawla et al [26] studied the characteristics of the ion-acoustic solitary waves in magnetised
plasmas with non-thermal electron using the reductive
perturbation method (RPM). They found that amplitude
(width) of the solitary wave decreases (increases) with
increase in non-thermal parameters.
Ichikawa et al [28] and Sugimoto and Kakutani [29]
have studied the dressed soliton in plasmas. Ion-acoustic
dressed solitons in EPI [32,33], ion beam [30] and dusty
plasmas [31] have been studied using Sagdeev potential
technique and RPM. They discussed the characteristics
of solitons such as amplitude, width and velocity. Chatterjee et al [34] and Roy and Chatterjee [36] have studied
dressed solitons in quantum plasmas and dusty pair-ion
plasma. They studied the effect of quantum parameters
and characteristics of solitons such as amplitude and
width.
Tiwari [33] studied only the effect of fractional concentration on amplitude and width of the solitons. The
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aim of this research paper is to study the propagation of
ion-acoustic dressed solitons in non-thermal electrons
and positrons in plasmas by considering the RBM, to
derive the KdV equation. Through the elimination of the
secular terms, the KdV soliton, core structure, dressed
soliton and exact soliton are determined.
The paper is organised in the following fashion. In
§2 and 3, we use the RPM to derive the KdV equation.
Section 4 investigates the dependence of non-thermal
electron on ion-acoustic dressed soliton in plasma and
we summarise our results in the same section. Conclusions are present in §5.

2. Basic equations
We consider a collisionless unmagnetised plasma consisting of ions, positrons and non-thermal electrons. The
dynamics of the plasma is given by the following set of
normalised fluid equation:
∂t n + ∂x (nv) = 0
(1)
1
(2)
∂t v + v∂x v = − ∂x φ
δ


∂x2 φ = 1 − βφ + βφ 2 eφ − αe−σ φ − (1 − α) n.
(3)
Here n and v are the normalised density and fluid
velocity of the plasma ions respectively. φ is the
electric potential. β = 4ρ/ (1 + ρ) where ρ is the
electron non-thermal parameter which determines the
ratio of fast energetic and thermal electrons and δ =
(1 − p) / (1 + pσ ). α and σ = Ti /Te are positron
concentration and ionic temperature ratio respectively.
These quantities have been rendered dimensionless in
terms of equilibrium plasma density (n 0 ), ion sound
speed (Te /m i )1/2 and characteristic potential (Te /e),
respectively. The space coordinate speed (x) has been
normalised in terms of the Debye length speed λD =
(ε0 Te /n 0 e2 )1/2 and time coordinates by the inverse of
ion plasma frequency.



2φ
n = 1−
δ

−1/2
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(5)

Integrating the value of n in (5), multiplying both
sides by dφ/dη, integrating once and using the necessary
boundary conditions (n → 1 and v → 0 as η → ±∞)
we get the following relation:
1
(dη φ)2 + V (φ) = 0,
2
where the Sagdeev potential V (φ) is given by


V (φ) = (1 + 3β) − 1 + 3β (1 − φ) + βφ 2 eφ

α
+ 1 − e−σ φ + δ M 2 (1 − α)
σ


2φ
2
−δ M (1 − α)
,
M −
δ

(6)

(7)

where
φ2 φ3
+
+ ···
2
6
and using this Taylor series expansion in (7) and including also the effect of fourth-order nonlinearities of
electric potential (φ), eq. (7) reduces to

2
dη φ = γ1 φ 2 − γ2 φ 3 + γ3 φ 4 ,
(8)
eφ = 1 + φ +

where
(1 − α)
δM2
ασ 2 (1 − α) 1
γ2 =
+ 2 4 −
3
δ M
3
3
(1 − α)
(1 + 3β) ασ
γ3 =
+
− 3 6 .
12
12
δ M
γ1 = (1 − β) + ασ −

(9)
(10)
(11)

Integrating eq. (8) with respect to η and using the boundary conditions (dφ/dη → 0, φ → 0 as η → ±∞) gives
stationary exact soliton solution as
φ=

2 (γ1 /γ2 )
,
1/2


4γ1 γ3
2
1 − γ2
2 cosh (Aη) − 1 + 1

(12)

2

where
3. Stationary solution
We introduce the usual transformation in eqs (1)–(3) and
obtain the stationary soliton solution
η = x − Mt,

γ1 1/2
.
(13)
4
The exact soliton solution (12) is the same as eq. (9a)
in [33]. We denote (12) as small amplitude as compared
with the KdV soliton, because its expansion in small
amplitude limit can give rise to the KdV soliton and
dressed soliton solution when the RPM is used for the
analysis.
We expand the Mach number (M) of soliton velocity
(λ) as M = 1 + λ in (9)–(11), and retaining terms up
A=

(4)

where M is the Mach number of soliton. Integrating
eqs (1)–(3) and using the necessary boundary conditions
(n → 1 and v → 0 as η → ±∞) for a soliton structure,
gives
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to λ2 in γ1 , and terms up to λ in γ2 , and keeping γ3 ,
independent of λ such that each term on the right-hand
side of (8) is of fourth order in combined nonlinearities
of λ and φ, we find that




3
1
γ1 = [(1 − β) + ασ ] 2λ − 3λ2 =
λ − λ2
γ5
2
(14)
(1 − α) 2γ4 δ
γ2 =
− 4λ
(15)
δ2
3
(1 + 3β) − α
γ3 = γ6
,
(16)
12δ 3

soliton solution as

where

Including the contribution of λ2 term in (13), we can
express Ã as

1 (1 + ασ ) (ασ 2 − 1)
+
2 (1 − α)
(1 + ασ )
1
γ5 =
2 [(1 − β) + ασ ]

γ4 =

and



γ6 =

(1 + 3β) + ασ 3
(1 + ασ )

3

(18)

(19)

Here γ4 and γ5 are respectively the coefficients of nonlinear and dispersive terms of the KdV equation [32], as
non-thermal parameter (β) in plasma tends to zero.
Using (14)–(16) and retaining terms up to the order
of λ2 in (12)

γ1 
= k + k1 λ + k2 λ2 = γ7
(20)
γ2


6λ
γ3
γ6
(21)
1+
=
γ2
18γ4 δ 2
γ4 δ




γ1 γ3 1/2
6kλ
γ6
1−4
k+
+k1 λ +· · · ,
= 1−
γ2
4γ4 δ
γ4 δ
(22)
3δ
[(1 − β) + ασ − (1 + ασ )]
2γ4 (1 − α)
6
3δ
{(1 − β) − ασ
k1 =
2γ4 (1 − α) γ4 δ
− (1 + ασ )} + 2 (1 + ασ )]
k=

(23)

(24)

and
3δ
2γ4 (1 − α)
+

γ6 γ8
sec h2 Ãη tanh2 Ãη,
2
8γ4 δ

(26)

where

k2λ
kk1 λ2
γ8 = k 2 + 6
+ 2kk1 λ + 6
γ4 δ
γ4 δ

+k12 λ2 + kk2 λ2 .

γ1
Ã =
4

1/2


=

(1 − α)
(1 − β) + ασ −
δM2

(27)



1/2

. (28)

Keeping terms of order λ only soliton solution (26)
reduces to the KdV soliton
3λ
φ=
sech2 Aη,
(29)
γ4
where


λ 1/2
A=
.
4γ5

(30)

Equation (26) is following the first (core structure) and
second terms (cloud structure)
φcore = γ7 +
φcloud =

γ6 γ8
sech2 Ãη
8γ4 δ 2

γ6 γ8
sech2 Ãη tanh2 Ãη.
8γ4 δ 2

(31)
(32)

4. Discussion and results

where

k2 =

+

γ6 γ8
sech2 Ãη
8γ4 δ 2

(17)


(1 − α)2 − 15.

φ = γ7 +

36
{(1 − β) − ασ − (1 + ασ )}
γ42 δ 2

12 (1 + ασ )
− 3 (1 + ασ ) .
γ4 δ

(25)

Substituting (20)–(22) in (12) and retaining terms up to
the order of λ2 in the expansion, we can write the dressed

We present the variations of amplitude, width and product of amplitude and square of width (P = amplitude ×
width2 ) of the KdV soliton {φKdV }, core structure
{φc }, cloud structure {φcl }, dressed soliton {φd }, and
the small amplitude exact soliton solution {φs }, in eqs
(29), (31), (32), (26) and (12) respectively, with nonthermal parameter (β), positron concentration (α), ionic
temperature ratio (σ ) and Mach number (M), in figures 1–4.
Figure 1 shows the plot of φs (solid blue line), φKdV
(dashed red line), φc (dotted black line), φd (dotted green
line) and φcl (solid yellow line) against η for different values of non-thermal parameters (β) = 0, 0.07
and 0.1. Other parameters are α = 0.1, σ = 1
and M = 1.2. Here we find that as β increases, the
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Figure 1. Variation of φs (solid blue line), φKdV (dashed red line), φcore (dotted black line), φdS (dotted green line) and φcloud
(solid yellow line) with η for different values of β (= 0, 0.07 and 0.1) when α = 0.1, σ = 1 and M = 1.2.

Figure 2. Variation of amplitude for exact soliton (solid blue line), KdV soliton (dashed red line), core structure (dotted black
line), cloud structure (solid yellow line) and dressed soliton (dotted green line) with λ for different values of β (= 0 and 0.07)
when α = 0.1 and σ = 1.

small amplitude of φs , φKdV , φcore , φd and φcloud corresponding to η also increases but the potential of the
KdV soliton (φKdV ) is constant. Figure 2 shows the
variation of amplitude for exact soliton (solid blue
colour line), KdV soliton (dashed red colour line),
core structure (dotted black colour line), cloud structure (solid yellow colour line) and dressed soliton
(dotted green colour line) with the soliton velocity (λ) when β = 0 and 0.07. Other parameters
are α = 0.1 and σ = 1. Here we find that as

β increases, the amplitude of the exact soliton and
core structure corresponding to soliton velocity (λ)
also decreases but the amplitudes of KdV soliton and
dressed soliton are constant. Similar effects of nonthermal parameters on the amplitude of the soliton in
a magnetised plasma have been reported by Chawla et
al [26].
Figure 3 shows the variation of the width of exact
soliton (solid blue line), KdV soliton (dashed red line),
core structure (dotted black line) and dressed soliton
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Figure 3. Variation of width for the exact soliton (solid blue line), KdV soliton (dashed red line), core structure (dotted black
line) and dressed soliton (dotted green line) with λ for different values of β (= 0 and 0.07) when α = 0.1 and σ = 1.

Figure 4. P = amplitude × width2 for the exact soliton (solid blue line), KdV soliton (dashed red line), core structure (dotted
black line), cloud structure (solid yellow line) and dressed soliton (dotted green line) vs. M for different values of β (= 0 and
0.1) when α = 0.1 and σ = 1.

(dotted green line) with soliton velocity (λ) when β = 0
and 0.07 at α = 0.1 and σ = 1. Here we find that
as β increases, W of the exact soliton and core and
cloud structure and dressed soliton decreases, but the
width of KdV soliton and the corresponding soliton
velocity increases. Similar results were obtained by
Chawla et al [26] in magnetised plasma. Figure 4 shows
the plot of the product (P) = amplitude × width2
for the exact soliton (solid blue line), KdV soliton
(dashed red line), core structure (dotted black line),

cloud structure (solid yellow line) and dressed soliton (dotted green line) vs. Mach number for β = 0
and 0.1 when α = 0.1 and σ = 1. Here we find
that as β increases, the product (P) of the exact soliton, KdV soliton, core structure, cloud structure and
dressed soliton increases and the corresponding Mach
number (M) also increases. The result of ion-acoustic
dressed soliton solution is exactly similar to the positron
[32,33], ion beam plasma [30] and quantum dusty
plasma [34,36].
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5. Conclusions
The small-amplitude exact soliton solution, KdV soliton, core and cloud structure and dressed soliton solution which describe the ion-acoustic dressed soliton
in unmagnetised plasma with non-thermal electron is
derived. The main conclusions of this paper are the following:
(1) For a given value of soliton velocity, the amplitudes of the exact soliton and core structure (KdV
soliton and dressed soliton) decrease (constant)
as non-thermal electron increases but for a given
value of non-thermal parameter, the amplitudes
of the exact soliton, core structure, KdV soliton
and dressed soliton increase as soliton velocity
increases.
(2) For a given value of soliton velocity, the widths
of the exact soliton, core structure and dressed
soliton (KdV soliton) decrease (increase) as nonthermal parameter increases but for a given value
of non-thermal parameter, the widths of the exact
soliton, core structure, KdV soliton and dressed
soliton increase as soliton velocity increases.
(3) It is found that for a given value of Mach number,
the product AW2 of the exact soliton, KdV soliton,
core structure, cloud structure and dressed soliton
decreases as non-thermal parameter increases,
but for a given value of non-thermal parameter,
the product AW2 of the exact soliton, KdV soliton, core structure, cloud structure and dressed
soliton decreases as Mach number increases.
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