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The influence of negatively charged dust grains on soliton characteristics is investigated in a homogeneous electron-
positron-ion plasma based on the Korteweg-de Vries (KdV) equation obtained using the reductive perturbation technique.
The combined effect of dust charge density, ion drift velocity, temperature ratios, and the electron-to-positron density ratio
is examined on the soliton characteristics. An increase in the number of negatively charged dust grains significantly modify
the medium's nonlinear and dispersive properties, leading to a decrease in soliton amplitude and an increase in its width.
When the electron-to-positron density ratio increases, the soliton profile becomes noticeably broader, and its amplitude
decreases. This dependence highlights the role of dust grains in altering the soliton dynamics within the electron-positron-
ion plasma. Thermal effects and ion drift enhance the soliton propagation and retaining its shape. These findings provide a
more comprehensive understanding of nonlinear wave structures in multi-component dusty pair plasmas relevant to both

laboratory and astrophysical environments.
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1 Introduction

Solitary waves, or solitons, have attracted sustained
interest across many branches of physics because of
their importance and the variety of systems in which
they appear, including fluid dynamics, nonlinear
optics, superconductivity, particle theory, and plasma
physics'?. In such systems, localized structures
emerge when nonlinearity and dispersion balance. In
plasmas, ion-acoustic solitons represent a classic
example of such structures, and their evolution is
governed by the well-known Korteweg-de Vries
(KdV) equation’. In homogeneous plasmas, this
equation provides a reliable description of one-
dimensional electrostatic solitons™’.

Much of the earlier work focused on electron-ion
plasmas, where relatively heavy ions form the inertial
component and much lighter electrons are treated as a
Boltzmann-distributed, = quasi-static ~ background
supporting ion-acoustic waves®’. On the other hand,
pair plasmas represent a qualitatively distinct regime
in which electrons and positrons share equal mass but
carry opposite charges, leading to fundamentally
different wave dynamics compared to conventional
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electron-ion plasmas®’. Here, both species participate
equally and dynamically in the soliton generation
process. Electron-positron plasmas are not only of
theoretical interest but are also expected in pulsar
magnetospheres, near black holes, quasars, and active
galactic nuclei'®"?, and can be produced in extreme
astrophysical ~ conditions.  Several  laboratory
experiments have successfully created e-p plasmas'”
" It is therefore assumed that pair annihilation is
slow compared to the standard plasma time scales in
studying the collective behavior of e-p plasmas.
Collective modes have been analyzed” in
nonrelativistic pair plasmas in both magnetized and
unmagnetized cases, whereas in another study'® a
multi-fluid approach was employed. Other works'”™"’
further examined nonlinear electromagnetic wave
dynamics and parametric instabilities in e-p plasmas.
Additional  investigations included modulated
electrostatic wave packetszo, linear wave modes?',
exact electrostatic  structures”, and localized
electromagnetic  structures in relativistic pair
plasmas™. In most astrophysical and laboratory
environments, including planetary rings, cometary
tails, interplanetary space, and purpose-built
laboratory devices include charged dust grains®*2‘.
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Dust grains are significantly more massive than ions
and electrons and can be treated as stationary during
plasma oscillations. Despite this, dust alters the
charge balance and modifies the forces that act to
restore charge neutrality”’, impacting the behavior of
ion-acoustic and other electrostatic waves. This has
been the primary catalyst for the investigation of
electron-positron-ion plasmas with negatively charged
dust, which are particularly rich in nonlinear wave
phenomena. Previous work has been done on the
incorporation of positively charged dust in e-p
plasmas27'30, however, most of these analyzes are
done with the assumption of zero drift velocities for
the plasma constituents, Similarly, solitary and
envelope soliton structures were examined in dusty e-
p plasmas’? though that treatment did not
incorporate ion drift or combined thermal and
dust charge effects simultaneously In astrophysical
and space environments, drifting electrons and
positrons are commonly observed and play
an important role in wave excitation, propagation
stability, and nonlinear wave-particle interactions™™’.

Unlike the previous studies, the present work
investigates the propagation of solitons in a
homogeneous electron-positron-ion plasma containing
stationary negatively charged dust grains, where
electrons, positrons, and ions are treated as mobile
species having initial drifts. The present analysis
considers their combined influence within a single
framework, enabling us to explore how dust-induced
inertia and drift-driven energy transport interact and
both affect the nonlinear and dispersive behavior of
the system, which have not been explicitly analyzed
together in previous investigations of electron-
positron-ion plasmas. The analysis is carried out using
the reductive perturbation technique (RPT)*, which
expands the normalized fluid and Poisson’s equations to
obtain the corresponding KdV equation. Expressions for
the nonlinear and dispersive coefficients are then derived
in terms of key plasma parameters, including
temperature ratios, drift velocities, and dust charge.
These results are used to examine how these parameters
influence the soliton’s amplitude, width, and
propagation speed. This work aims to better understand
the solitary structures in multi-component dusty pair-ion
plasmas®™*. Furthermore, it extends previous theoretical
studies of nonlinear electrostatic solitary waves in multi-
component plasmas*®® by including the combined
effects of ion drift, finite-temperature ratio, and
stationary negatively charged dust.
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2 Theoretical Model

The plasma considered in the present investigation
comprises electrons, positrons, ions, and stationary
negatively charged dust grains. Electron-positron
plasmas of this type arise naturally in several
astrophysical environments'', active galactic nuclei'?,
and the early Universe'’, as well as in controlled
laboratory settings™'*'*. Following the standard pair-
plasma fluid description'>?', the electrons and positrons
have equal mass (m, = m,) and equal but opposite
charge. The ions, having mass m; > m, are positively
charged and dynamically mobile, unlike the heavier dust
grains, that are assumed to remain stationary due to their
comparatively greater mass, an assumption widely
adopted in the dusty plasma literature”***’. The plasma
species, namely electrons, positrons and ions are
considered to have drift velocities. Since the dust grains
are stationary, they do not directly provide the wave
inertia, instead they modify the equilibrium quasi-
neutrality and local composition; thereby influencing the
effective restoring force and the nonlinear and dispersive
properties of the medium.

2.1 Governing Equations

Using the standard fluid model, the following
normalized fluid equations for the positrons electrons
and ions are obtained.

The continuity equations are;

6n]- 0
ot + a(njvj) =0 (la)
The momentum equations are written as;
61]]' avj) _ q; 6¢) oj 6nj
(at TV T mi ox  min; ox -~ (1b)

where j = p,e,i, denotes the positron, electron,
and ion species, respectively. The charge state is
given by q; = +1,—1,+1, for positrons, electrons,
and ions, respectively, while m; = m;/m; represents
the normalized mass ratio of the jth species, where
m =m,/m; =m,/m; and mi = 1. Furthermore,
0j=T;/T,sr denotes the normalized temperature
ratio of the jth species with the effective temperature
T s (defined later).

Poisson’s equation is written as;
(9)? _

x2

Ne — Ny — Ny + ZgNgg

... (1c)

The number densities of electrons, positrons, and
ions are ng,nyand n; and the drift velocities of
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electrons and positrons are represented by v, v, and
v;, respectively. The electrostatic potential is denoted
by ¢. Z; is the charge number on the dust particles.
Normalization follows the standard approach used
in multi-component fluid plasma models®’. Number
densities are scaled by the equilibrium ion density, n;
. Velocities are normalized by the effective ion-
acoustic speed, v; =,/Tes/m;. The electrostatic
potential ¢ is normalized by T,sf/e, Space and time
are normalized, respectively, by the effective Debye

length /eoTeff/nier and the inverse ion plasma

frequency +/n;pe?/eym;. The effective temperature is
defined as 1/T,rf = ngo/T, + Npo/Ty + 1/T;.

To investigate solitary wave propagation, the KdV
equation is derived by collecting terms at successive
orders of the smallness parameter €, which
characterizes the strength of the perturbation, in the
reductive  perturbation  expansion®®’. For a
homogeneous plasma, the perturbation expansions

can be written as;
f}' =f}'0+€f}'1+62f}'2+ (23)

where, j = p, e, i; f = v,n and the unperturbed ion
density is normalized to unity (n;o = 1).
The electrostatic potential is expanded as;

¢ = ep+elp, + ... ... (2b)
The space and time variables are stretched as;
& =€?(x — Apt),n = €3/7t .3

where 4, is the wave velocity. As the plasma is
homogeneous and nonevolving, the unperturbed
quantities,  dfjo/0E = dfjo/0n =0, where fjo
represents the unperturbed quantities such as
Veg, Vpo and Vjg, Ngp, My and ngg. Using the RPT,
equations are obtained at various orders of €. At the
order of €3/2, the continuity equations lead to the
following relations;

on
%% (npovpl + Np1Vpo) —Ado—¢ pl =0 ... (4a)
0 one
a_s(neovel + nelveo) _AO ;}1 =0 (4b)
F) on;
a_g(vil + niﬂ’io) —Ao ;151 =0 ... (4¢)

Correspondingly, the momentum equations at the
same order give;
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avp1 ¢ Onpy _

m"polo ag = MMy Upo 2 ae 1o 651 T

0 ... (4d)
ove 29 one

mneolo 6{ +mneoveo afl neoa_fl +O-ea_fl B

0 ... (4e)

gy 2y, a9 om . (4f)

T9g T V05 T ge T T5e

Poisson’s equation at order € provides the following
relation between the perturbed densities;

Tlpl + Nijp = Neq (4g)

Collectively, solving the above equations leads to
following relation, from which dispersion relation is
obtained.

Npo Neo 1 —
{(mAZ—ap) (mB2-0,) (Cz—ai)} =0 - (5)

It is convenient to introduce A = A,
/10 — Veo and C = AO — Vjo
The phase velocity relation is obtained from Eq. (5)
as;

- va'B =

(wiono + mvgg) J(m+no)(0p + noai)—mno (Veo— Vi0)?

/102

(m+ng)

. (6)

For the wave propagation, the phase velocity 4,
should be real and positive. Equation (6) shows that
the phase velocity A, is real only if the following
inequality is satisfied.

[Veo — Viol = vo <

\/(m + no)(ap + noai)/mno

.. (6a)

where, ng= 0+ 1)1 —-2Zyng)/(h—1) and
h = neo/npo (6b)

For the positive and real values of phase velocity of
the slow mode (corresponding to negative sign in Eq.
(6)) the required condition is obtained as v;gng +
Mvey =0, and nyvjy + mvg) > o, +nyo;. Since
m = 1/1836, the electron contribution is negligible,
and to satisfy this condition requires a relatively large
ion streaming velocity v;y. However, in the present
plasma model, v;, always remains smaller than the
electron streaming velocity v, in view of their larger
mass. Consequently, the above conditions cannot be
satisfied for the chosen set of plasma parameters.
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Therefore, the soliton corresponding to the slow mode
does not evolve in the present study.

2.2 Korteweg-de Vries (KdV) Equation and Its Solution

To study the soliton propagation, following the
standard RPT procedure, a KdV equation is derived
based on various equations obtained at higher orders
of €. The relevant equations are given below. At the
order of €%/2, the continuity and momentum equations
lead to the following set of relations

0Ny, 0Ny, i) _
aT] — _65 + % (npovpz + nplvpl + npzvpo) -
0 ... (7a)
3nel 67132 0 .
n 0 ¢ + 2% (”eovez + Ne1Ver + nezveo) 0
. (Tb)
6n'1 6n-2 a _
01; - afl +a_§(vi2 +n; v + Tlizvio) =0...(7c)
Vp1 vy, Ovp2
mny,g W — mnpolo a_f + MMy Vpo ? +

ov ov ov
Up1 p1 p1
MNpoVp1 —5¢ ——t MNp1Vpo 5 mny,1o rra

20 20 Onyz
+np0 0;+ p1l 0fl+ p a; =0 (7d)

Ve 2
mnegg o — Mngpdg T + MngoVeg T +
0veq 0veq
mneovel 6€ mnelveo af mnel/lo ag
0¢, 09, OMNey
Neo T Neq T + 0, T 0 (7e)
9viy 9vip 0vip vy 0viy
an ;0 afa;_ le afa: vll afa + nllle af
Vi1 2 1 Ni2
nado Sf + 52+ r oS E=0 . (7D

Similarly, Poisson’s equation at order €2 gives rise
to;
%¢
a_fz_nez +np2 +nl'2 =0 (7g)
Combining the above equations with the linearized
Egs. (4a)—(4g) and systematically eliminating the
second-order perturbed quantities, following equation
is obtained in terms of the first-order ion density
perturbation n;;.

2 Py, ((3¢%-0y) | {3mA’-op} .,
(€ -0) 55 +{ T (mAz_ap)K
{3mB2-0,} ,, gy C mAK
(mB2-a0,) L ¢ni I3 +2 (€2-g)) = (mA%-op)
mBL on;q { Npo Neo
(mBz—ae)} (ma%-op) = (mB2-0,)
1 )92 _
(CZ_(H)} 76 =0 .. (8)
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Parameters K and L are defined as K =
(C? — 0)nye/(mA*> —0,) and L=K+1. The
coefficient of aaL;Z vanishes with the use of the phase
velocity relation (5). This leads to the following KdV
equation, ensuring the evolution of soliton
correspondingly to the wave excited in the plasma.

a3niy

+ B = .. (9)

where o and f describing the nonlinear and
dispersive coefficients™*’ are given as;

{(3C2—ai)i{3mA2—ap}V2 {3mBZ—de},2}
(c2-agy) (mAz—ap)n (mB2-g¢)

6ni1 6n11
— + any;
on 0§

a = { [ mAK mBL } 'B
-0y (mAZ-0p) (mB?-0p)
_ (C2—0'3)
cC |, mAK mBL Y’
2{(CZ—UL-) tmaZ—ap) (mBZ—ae)}

Since the first-order perturbed ion density is related
to the first-order perturbed electrostatic potential
through;

(C? —o)nyy = ¢y .. (9a)
The KdV equation can be readily expressed in

terms of the first-order perturbed -electrostatic
potential, ¢, as follows;
64’1 + a'p 7 a‘“ + Tl - .. (10)

&3
where the modified nonlinear and dispersive
coefficients are given by;
o =a/(C>—0c;)and B =p
To get the solution of the KdV Eq. (9), following
travelling wave transformation is introduced™’;

X=¢&-Un (1)

Here, U represents the soliton velocity. Actually A, is
the phase velocity of the wave in the laboratory frame
of reference. This wave is excited in the plasma and
under the balance of nonlinearity and dispersion, it
takes the form of soliton. The soliton moves with
velocity U wurt. the wave frame of reference.
Substituting transformation (11) into Eq. (9) converts
the partial differential equation into the following
ordinary differential equation

anil anL1 6 nijq

US4+ ang S+ A = . (12)

For a localized solitary wave, applying the
boundary conditions that n;; and its derivatives
vanish as X — t+ o , and integrating twice,
following soliton solution is obtained;
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3U -U
ny (E—Un) = ?sech2 % .. (13)
e
This is also written as;
n;; (X) = ny,, sech?[X/W] . (14)

The standard sech? solution of the KdV equation'”
yields a compressive soliton, with peak amplitude
Nyn = 3U/a and spatial width W = /4B8/U . The
soliton amplitude scales linearly with U and inversely
with the nonlinear coefficient «, while the width
decreases as U increases, consistent with the
fundamental KdV balance between nonlinearity and
dispersion'*’.

Following the same procedure, the solution of Eq.
(10) for the first-order electrostatic potential can be
obtained in an entirely analogous manner. The
solution is given by;

$1 (X) = ¢y sech?[X /W] .. (15)
where, ¢,,, = 3U /0 and, Wy = 4B /U

Energy E of the soliton® is given by

E=["_n% (X)dX .. (16)

Substituting Eq. (14) into the above expression gives
rise to;

E=nZ, [~ sech*[X/W)dX = 4nZ,W/3  ..(17)
3 Results and Discussion

The results presented in this section are based on
analytical expressions derived from the KdV
framework developed in the preceding sections. The
effect of key plasma parameters, namely the dust
charge valency (Z;), dust concentration (ngq), ion
drift velocity (v;g), ion-to-electron temperature ratio
(T) and electron-to-positron density ratio (%) is
investigated systematically on the phase velocity,
nonlinear coefficient, soliton amplitude, and soliton
width. The chosen parameter ranges are representative
of astrophysical and laboratory electron-positron-ion
dusty plasmas, including environments such as pulsar
magnetospheres and active galactic nuclei'®".

Figure 1 shows that the phase velocity decreases
steadily as Z; increases, whereas it increases with
increasing ion drift velocity. The decrease of 4, with
Z; can be understood from the phase-velocity
expression. The dust contributes to the system
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Fig. 1 — Variation of phase velocity with dust charge valency
(Zq) for different ion drift velocities, when v,q = 0.30, voq =
0.30, ngo = 1074, h =12 and T=0.1

through terms governing both the effective inertia and
the electrostatic restoring force. As Z; increases, the
inertial contribution increases more rapidly than the
restoring force, leading to a decrease in A,. Physically,
negatively charged dust grains form a massive
stationary background that restricts the free motion of
electrons and positrons. This behavior is consistent
with the other finding’, i.e. a similar monotonic
decrease in phase velocity with dust concentration in
a moving e-p pair plasma with negatively charged
dust, and with the broader class of dusty plasma
studies”?’*®. The present work extends these
observations by incorporating ion drift alongside dust
charge effects, revealing that the two parameters exert
opposing influences on A,. Moving ions supply
additional energy and momentum to the propagating
wave, enhancing the effective restoring mechanism
and raising Ao 7?7 This is consistent with the
general physics of wave-particle interactions in
drifting plasmas and has been confirmed in recent
studies of multi-component plasma systems> .
The present finding adds a new dimension by
demonstrating that ion drift can partially compensate
for the phase velocity reduction caused by dust, a
feature not explicitly discussed in earlier pair-plasma
studies®®,

Figure 2 shows the phase velocity A, varies with
the ion-to-electron temperature ratio T for different
values of the dust charge density Zgnge. The
temperature dependence of A, enters through the
normalized parameters ay, g, and o; in Eq. (6), which
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Fig. 3 — Variation of phase velocity with electron-to-positron
density ratio (k) for different dust charge density Zgngo, when
Vpo = 0.30, Vg = 0.30, v;o = 0.01,and T=0.5

represent thermal contributions of the plasma species.

Figure 3 shows the variation of phase velocity 4,
with the electron-to-positron density ratio 4 for
different values of the dust charge density Z ngq. As
h increases, the relative electron population becomes
more dominant, modifying the equilibrium charge
balance and leading to stronger electrostatic screening
within the plasma”'’. This enhanced screening
weakens the effective restoring force responsible for
wave propagation, thereby reducing A,. For any fixed
h, increasing Zgng, further shifts the curves
downward, an effect already well established in
Figs. 1 and 2 and attributed to the additional inertia
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Fig. 4 — Variation of non-linearity coefficient with dust charge
valency (Zy) for different ion-to-electron temperature ratio (7),
when v,q = 0.30, v,o = 0.30, v = 0.01, ngo = 1073, U= 1.1,
and h =1.2

of the negatively charged dust grains. The finding that
compositional asymmetry (through #4) and dust
content independently suppress the phase velocity is
in qualitative agreement with recent investigations of
electron-positron-ion plasmas®**, which show that
deviations from symmetric composition substantially
alter the medium's dispersion properties. The present
study reinforces these findings and extends them to a
configuration that also includes ion drift and finite
dust charge valency.

Figure 4 shows that the coefficient o increases
monotonically with Z; for all values of 7, indicating
that the presence of negatively charged dust enhances
the nonlinear response of the plasma. Physically, dust
grains intensify electrostatic interactions among the
plasma species and raise the effective inertia, both of
which promote stronger nonlinear steepening. For a
fixed Z;, a decreases with increasing 7, since higher
ion temperature raises the thermal pressure. These
observations are consistent with the results that «
increases with dust density in a moving e-p pair
plasma®’, as also observed in more recent
investigations of multi-component dusty
plasmas**'**. A notable distinction in the present
work is the simultaneous inclusion of ion temperature
and ion drift, which allows for a more complete
characterization of how thermal effects temper dust-
driven nonlinearity. Specifically, the present results
demonstrate that the influence of T on «a is relatively
stronger at lower dust levels, becoming progressively
subordinate to dust effects as Z; grows. This
hierarchy of competing influences has not been
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Fig. 6 — Variation of amplitude and width of soliton with dust
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(h), when vy = 0.30, v,o = 0.30, v; = 0.01, ngy = 1073, U=
1.1,and T =0.5

explicitly identified in previous studies and represents
a new physical insight from the present analysis®”*.
The soliton's amplitude decreases while its width
increases when the dust charge valency Z; is
increased (Fig. 5). It means soliton becomes less
energetic when the dust particles of larger charge are
present in the plasma. This can be understood based
on the energy® E of the soliton, given by Eq. (17).
The soliton energy being proportional to the square of
its amplitude causes soliton to be less energetic with
Z4. Moreover, the inverse relationship between
amplitude and width is a fundamental characteristic of
KdV solitons, reflecting the interplay between
nonlinearity and dispersion. In physical terms, dust
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grains reduce the efficiency of nonlinear steepening
while simultaneously enhancing dispersive spreading,
so the soliton becomes weaker and more spatially
extended. The influence of T is found to yield a larger
amplitude because elevated ion temperature reduces o
and strengthens the nonlinear character of the wave.
This competing behavior, in which temperature
enhances amplitude at low dust levels, but dust
suppresses it at high dust levels, is a new quantitative
result that complements and extends the other
findings*"**.

Figure 6 illustrates that the soliton amplitude and
width vary with dust charge valency Z; for two
different  electron-to-positron  density  ratios.
Consistent to Fig. 5, the amplitude of the soliton
decreases, while its width increases with higher value
of Z;. The effect of / on the soliton structure operates
indirectly through its influence on phase velocity, as
established in Figure 3. Increasing 4 reduces the phase
velocity, which in turn modifies both a and f through
their functional dependence on A,. A higher %
introduces greater asymmetry between the electron
and positron populations, thereby enhancing
electrostatic screening and weakening the plasma's
nonlinear energy-focusing capacity”'’. The result is a
soliton with lower amplitude and broader spatial
extent. This behavior is consistent with recent
theoretical work on asymmetric e-p-i plasmas***, in
which compositional imbalance has been identified as
a key factor in weakening nonlinear structures. The
present results further clarify that the effects of 4 and
Zy act in the same direction, both suppressing
amplitude and broadening the soliton, suggesting that
compositional and dusty-medium asymmetries are
effectively cooperative mechanisms in degrading
soliton coherence.

Figure 7 shows that the soliton amplitude and
width vary with the ion-to-electron temperature ratio
T =T;/T, for different dust charge densities. A clear
pattern emerges from the plot with the increasing
temperature ratio 7 that the soliton's amplitude
increases while its width decreases. In other words,
higher ion temperature leads to taller, more localized
(narrower) solitons. This behaviour can be explained
as the temperature dependence of the governing
coefficients. As T increases, o decreases (Fig. 4),
raising the amplitude 3U/a, while the reduced f

narrows the width /48 /U. Physically, elevated ion

temperature intensifies the pressure imbalance in the
plasma, strengthens the nonlinear response and
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promotes sharper, more energetic solitary structures.
This is qualitatively consistent with the other
finding®. The contribution of the present work lies in
demonstrating that this temperature-driven sharpening
is modulated by the dust content. For higher Z;ng4q,
the amplitude is suppressed, and the width remains
broader at all values of 7. This indicates that dust
suppresses the nonlinear effect and enhances
dispersion. Another point to note is that the decrease
in width with temperature is more pronounced for
lower dust levels. This suggests that thermal effects
are more effective at sharpening the soliton when the
dust density is relatively low. This interplay between
temperature-driven nonlinearity and dust-induced
dispersion is consistent with other studies on
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Fig. 9 — Sketch of the soliton profile, showing the effect of the
ion-to-electron temperature ratio 7, when vp,q = 0.30, v, = 0.30,
Vo =0.01, Zyngo = 0.5, U= 1.1,and h =1.2

nonlinear in dusty plasma
systerns‘”.

Figure 8 shows the comparison of soliton profiles
(corresponding to Eq. (14)) for different values of
dust change density Z ngo. The figure clearly shows
that the soliton becomes lower in amplitude and
broader in width as the dust concentration increases.
In other words, higher dust levels lead to weaker and
less localized solitary structures. This behaviour can
be understood as an increase in dust concentration
leads to an increase in both the nonlinear coefficient o
and the dispersion coefficient . As a result, the
amplitude decreases while the width increases.
Physically, negatively charged dust grains introduce
additional inertia and enhance electrostatic shielding,
thereby suppressing nonlinear steepening and
spreading wave energy over a larger spatial region.
The combined effect is a broader, lower-amplitude
pulse, as shown in the figure. This behavior is
consistent with the profile-level results of other
investigators®"*,

Figure 9 illustrates the effect of the ion-to-electron
temperature ratio T on the soliton profile
(corresponding to Eq. (14)). As T increases from 0.1
to 0.3, the soliton becomes distinctly taller and
narrower, with the peak amplitude rising substantially
and the width decreasing. In simple terms, higher ion
temperature leads to more localized and energetic
solitary  structures, whereas lower temperatures
produce broader and less pronounced solitons. This
behaviour is consistent with the trends observed in
Fig. 7 and can be understood through the dependence
of amplitude and width on the temperature ratio.

wave propagation
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Fig. 11 — Sketch of the first-order electrostatic potential profile,
showing the effect of dust change density (Z4ng0), when v,q =
0.30, vgo = 0.30, v;p =001, T=0.1,U=1.1,and 2 =1.2

Physically, increased ion temperature increases
thermal pressure, strengthens the restoring force, and
finally yielding sharper, more localized structures.
This behaviour is consistent with earlier thermal-
effect studies**.

Figure 10 shows how the soliton profile (density)
changes with the electron-to-positron density ratio 4.
It is evident that as 4 increases, the soliton structure
becomes weaker and less localized when the electron
population becomes more dominant relative to
positrons. This effect is clearly visible in the figure,
where the curve corresponding to higher 4 appears
flatter and wider compared to the lower 4 case. This
behaviour can be understood from both the analytical
and physical perspectives. Since / directly influences
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the phase velocity Ay, an increase in 4 leads to a
reduction in A,, From a physical point of view,
increasing / introduces a stronger imbalance between
electrons and positrons, effectively breaking the
symmetry of the plasma. This compositional
asymmetry enhances electrostatic screening”'® and
reduces the efficiency of nonlinear energy
localization, making it harder for the system to sustain
sharp solitary structures. Together with the earlier
results (Figs. 7-9), it becomes clear that dust
concentration and compositional imbalance both act
to weaken and broaden the soliton. These
observations are consistent with recent studies on
nonlinear structures in multi-component dusty
plasmas***.

Figure 11 illustrates the wvariation of the
electrostatic potential profile with increasing dust
change density (Z ngo). As the dust concentration
increases, the potential amplitude decreases while its
width increases, following the same trend as the
density soliton shown in Fig. 8. Since the electrostatic
potential is directly associated with the charge
imbalance produced by the density perturbation, any
reduction in the density soliton also weakens the
corresponding potential pulse. Physically, the
presence of negatively charged dust modifies the
equilibrium plasma composition and enhances
electrostatic screening, thereby reducing the plasma's
ability to sustain localized nonlinear structures. This
behavior is consistent with earlier theoretical studies
on dusty electron-positron-ion plasmas®”**.

4 Conclusion

The present study of soliton propagation in a
homogeneous electron-positron-ion plasma with
stationary negatively charged dust reveals that the
presence of dust significantly suppresses soliton
propagation by reducing wave velocity and soliton
amplitude, while increasing soliton width due to
enhanced inertia and dispersion. The KdV equation
was derived from a multi-fluid plasma model that
includes finite-temperature and drift effects, and the
solitary wave solution of the KdV equation was
analysed for different plasma parameters. On the
other hand, ion drift supports wave propagation and
partially overcomes the dust-induced reduction of
phase velocity. Higher ion temperature enhances the
nonlinearity, resulting in taller, narrower solitons. It is
observed that dust concentration and compositional
imbalance tend to weaken the solitary structures due
to stronger electrostatic screening. In summary, the
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study shows that the balance between nonlinearity and

dispersion in

dusty pair-plasmas is strongly

influenced by the dust concentration, ion drift,
thermal effects and plasma composition.
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