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In this study, we have investigated the existence and characteristics of solitons in an unmagnetized dusty plasma composed of cold 
ions, negatively charged dust grains, positively charged dust grains, non-thermal electrons, and non-extensive positrons. The properties 
of solitons are usually studied through the Reductive Perturbation method and the Sagdeev Potential method. We have derived the 
energy integral equation using the Sagdeev Potential method. We have also discussed the variation of the Sagdeev potential for different 
values of the parameters involved in our plasma model. The non-extensive parameter (q), the non-thermal parameter (β), charge density 
ratio of positively charged dust (δ+), charge density ratio of negatively charged dust (δ_), positron to ion density ratio (δp), electron to 
ion density ratio (δe), electron to positron temperature ratio (σp) and the Mach number (M) found to influence the amplitude of solitons. 
Our study reveals that non-thermality of electrons and non-extensivity of positrons significantly modify the soliton features. The results 
from our study can be useful for investigating plasma in space environments such as cometary tails and interstellar clouds. 
Keywords: Non-thermal; Solitary waves; Sagdeev potential; Energy integral; Dusty plasma 
PACS: 95.30.Qd, 05.45.Yv, 52.35.Fp, 05.10.−a, 52.35.Mw 

1. INTRODUCTION
Unmagnetized plasma is vital in studying astrophysical phenomena, such as solar winds, cometary tails, interstellar 

clouds and also in industrial applications like plasma processing, etching, and coating. Several studies have been 
conducted on unmagnetized plasma in recent years [1-17]. The presence of dust grains in unmagnetized plasma transforms 
it from a simple ionized gas into a complex plasma. In unmagnetized state, the physics is driven entirely by the local 
electric environment and the inertia of the dust, rather than being forced along magnetic field lines. Dust grains in plasma 
are essential for understanding astrophysical phenomena, including the formation of celestial bodies in protoplanetary 
disks, the structure of planetary rings (e.g., Saturn's rings), and also the behaviour in comet tails. Dust particles in plasma 
transform standard electron-ion plasma into a complex system that acts as a model for atomic structures, creating plasma 
crystals. Presence of dust grains can affect the soliton amplitude and Mach number for both compressive and rarefactive 
solitons [18].In some plasma model presence of positively charged dust grains results in existence of compressive solitons; 
however, the presence of negatively charged dust grains results in compressive solitons only up to a certain concentration 
of dust, and above the critical concentration of negative charge, the dusty plasma supports rarefactive solitons[19]. The 
effect of variable dust charge, dust temperature and trapped electrons on small-amplitude dust acoustic waves is 
investigated in [20].The presence of dust charge of immobile dust plays crucial role to form compressive and rarefactive 
solitons in plasma where the massive dust particles are in the stationary background of the plasma, and the lighter ions 
and relativistic electrons get appreciable initial drifts which makes great change in the growth of solitons[21]. The Dust-
Ion-Acoustic (DIA) solitary waves are highly sensitive to the ion streaming speed and their amplitude decreases with an 
increase of the ion streaming speed [22]. In the presence of low dust charges and lower ion streaming, compressive and 
rarefactive solitons of either concave or convex characters reflect. The higher streaming of mobile dusts causes the 
amplitudes of rarefactive solitons characteristically change from higher to lower, showing convex character [23]. Dust 
grain density enhances the amplitude of solitary waves but weakens their reflection. In which, the amplitudes of both the 
incident and reflected solitons remain higher for fluctuating charge on the dust grains in comparison with the case of fixed 
charge [24]. In plasma physics, researchers often assume particles to follow a Maxwellian distribution; however, real-
world plasmas often contain nonthermal electrons. These nonthermal electrons are high-energy particles that exist in the 
tail of the distribution. In unmagnetized plasmas, there is no external magnetic field to constrain particle motion, which 
indicates that non-thermal electrons are critical in unmagnetized plasma as they dominate the transport of energy and the 
stability of the system. The non-thermal electrons in unmagnetized plasma significantly alters the formation, behaviour, 
and structural characteristics of nonlinear waves and electrostatic structures, often departing from standard Maxwellian 
behaviour to model realistic space and laboratory scenarios. Large amplitude solitary structures significantly depend on 
various plasma parameters such as ion drift velocity, non-thermal parameter, electron to positron temperature ratio, 
positron density, and Mach number [25]. The presence of non-thermal electrons significantly modifies the parametric 
region where electron acoustic solitons can exist [26]. In some plasma model, increase of nonthermal parameter decreases 
the peak amplitude of solitons [27]. The solitary excitations also strongly depend on the mass and density ratios of the 
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positive and negative ions as well as the nonthermal electron parameter [28]. When the non-thermality of hot electrons 
rises, the speed of electron beam decreases, the density ratio of the beam to the cold electron increases, and the existence 
domain for electron acoustics solitons gets bigger [29]. The presence of non-thermal electrons also significantly affects 
the existence of super solitons [30]. Increase in the non-thermal electron effects based on a Cairns (kappa) distribution 
has the effect of reducing (increasing) the width of the stopband [31]. Non-extensive positrons in unmagnetized plasma 
are important as they more accurately model particle distributions in systems characterized by long-range correlations 
and non-equilibrium states, where standard Maxwellian distributions fail. These non-extensive distributions, often 
described by the q-nonextensive or Tsallis statistics, significantly modify the fundamental characteristics of nonlinear 
waves. These non-extensive distributions also provide efficient modelling for observed particle populations in scenarios 
such as solar winds, planetary rings, cometary tails, and galactic clusters. Different values of the non-extensive 
parameter q show significant effect on chaotic motions of ion acoustic waves [32]. Ion-acoustic solitary wave can also 
depend on non-extensive parameter, electron to positron temperature ratio, ion to electron temperature ratio and streaming 
velocity. Fast ion-acoustic modes solely can produce the coexistence of small amplitude rarefactive solitons [33]. Particle 
non-extensivity can affect the properties of nonplanar ion-acoustic rarefactive and compressive solitons [34]. The non-
extensive parameter, positron-to-electron density ratio, ion-to-electron temperature ratio, electron-to-positron temperature 
ratio and relativistic factor can significantly influence the phase shifts of solitary waves [35]. While solitons have been 
studied in various plasma configurations, their characteristics in a system featuring both positively and negatively charged 
dust grains, cold ions alongside non-extensive positrons and nonthermal electrons remain underexplored. 

In this paper, we have represented the introduction in Section 1. The fluid equations (that govern our plasma model) 
and the standard energy integral equation is represented in section 2. Effects of several parameters on the characteristics 
of solitons are discussed in Section 3. Finally, we have concluded our research in Section 4. 

 
2. EQUATIONS GOVERNING DYNAMICS OF PLASMA 

We consider an unmagnetized plasma model composed of cold ions, positively charged dust grains, negatively 
charged dust grains, non-thermal electrons and non-extensive positrons. The equations governing dynamics of plasma are 
as follows:  

For cold ions  
 డ௡೔డ௧ + డడ௫ ሺ𝑛௜𝑢௜ሻ = 0, (1) 

 డ௨೔డ௧ + 𝑢௜ డ௨೔డ௫ = −డɸడ௫. (2) 

For positively charged dust grains,  

 డ௡೏శడ௧ + డడ௫ ሺ𝑛ௗା𝑢ௗାሻ = 0, (3) 

  డ௨೏శడ௧ + 𝑢ௗା డ௨೏శడ௫ = −µௗା డɸడ௫. (4) 

For negatively charged dust grains,  

 డ௡೏షడ௧ + డడ௫ ሺ𝑛ௗି𝑢ௗିሻ = 0, (5) 

 డ௨೏షడ௧ + 𝑢ௗି డ௨೏షడ௫ = µௗି డɸడ௫. (6) 

Here, µௗା = ௓೏శ௠೔௠೏శ  and µௗି = ௓೏ష௠೔௠೏ష , where 𝑍ௗା and 𝑍ௗି are positive and negative dust charge number respectively, and 𝑚௜, 𝑚ௗା and 𝑚ௗି are the mass of ion, mass of positively charged dust grain and mass of negatively charged dust grain 
respectively. 

Following the procedure in [36], the non-thermal electron’s number density is obtained over velocity space with 
dimensionless potential ϕ as,  

 𝑛௘ = (1 − 𝛽ɸ + 𝛽ɸଶ)𝑒ɸ. (7) 

Here, 𝛽 = ସఈଵାଷఈ represents the non-thermality, where α determines the non-thermal electrons in the non- thermal plasma 
model. The parameter α determines the population of dynamic nonthermal electrons in the nonthermal plasma model. 
In many space and laboratory plasmas, the distribution of particles does not follow the usual Boltzmann–Gibbs statistics 
which is an efficient tool for investigating the system when the memories and microscopic interactions are short ranged. 
The generalization of Boltzmann–Gibbs–Shannan (BGS) entropy for statistical equilibrium with long-range interactions, 
long-time memories, and dissipation is noted by Renyi [38] and Tsallis [39]. For two independent systems α and β the 
rule of composition can be written as 𝑆௤(𝛼 + 𝛽) = 𝑆௤(𝛼) + 𝑆௤(𝛽) + (1 − 𝑞)𝑆௤(𝛼)+𝑆௤(𝛽),𝑞 ≠ 1 where the parameters 
show the grade of correlation of the system under consideration. 

The non-extensive distribution function for positrons can be obtained as,  
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𝑓௣(𝑞) = 𝐶௤ ൤1 − (𝑞 − 1) ൬௠೛௨మ௞ಳ ೛் + ொ೛ɸ௞ಳ ೛்൰൨ భ೜షభ
. 

Where: 𝐶௤ = ௡೛బ୻ቀ భభష೜ቁ୻ቀ భభష೜ିభమቁ ට௠೛(ଵି௤)ଶగ ೛்  ,−1 < 𝑞 < 1, and, 𝐶௤ = 𝑛௣బ ቀଵା௤ଶ ቁ ୻ቀ భభష೜ାభమቁ୻ቀ భభష೜ቁ ට௠೛(ଵି௤)ଶగ ೛்  , 𝑞 > 1. 

Where, 𝐶௤ is the normalization constant and Γ represents gamma function. The normalized positron number density can 
be given by [40], 

 𝑛௣ = (1 − (𝑞 − 1)𝜎௣ɸ) ೜శభమ(೜షభ). (8) 

Equation (8) can be written as  

 𝑛௣ = 1 − 𝜎௣ (௤ାଵ)ଶ ɸ. (9) 

Where, 𝜎௣ = ೐்்೛ is the electron to positron temperature ratio and q represents the non-extensive strength. Extensivity, sub 

extensivity and super extensivity are represented by q =1, q >1 and q < 1 respectively. 
The normalized Poisson equation can be written as,  

 డమɸడ௫మ = 𝛿௘𝑛௘ − 𝛿௣𝑛௣ + 𝛿ି𝑛ௗି − 𝛿ା𝑛ௗା − 𝑛௜. (10) 

The Charge neutrality condition is, 𝛿௘ + 𝛿ି = 1 + 𝛿ା + 𝛿௣ 
Here, 𝛿௘ = ௡೐బ௡೔బ , 𝛿௣ = ௡೛బ௡೔బ  are the equilibrium electron-to-ion density ratio and the equilibrium positron-to-ion density ratio 

respectively. Also, 𝛿ା = ௓೏శ௡೏శబ௡೔బ  and 𝛿ି = ௓೏ష௡೏షబ௡೔బ  are the equilibrium charge density ratio of positively charged dust and 

negatively charged dust respectively. The number density of ions, positively charged dust grains, negatively charged dust 
grains, non-thermal electrons and non-extensive positrons are represented by 𝑛௜, 𝑛ௗା, 𝑛ௗି 𝑛௘ and 𝑛௣ respectively. The 
number densities are normalized by the equilibrium density of ion 𝑛௜బ. 

The fluid velocity of ion, positively charged dust grains and negatively charged dust grains are represented by 𝑢௜, 𝑢ௗା and 𝑢ௗି respectively, which are normalized by the ion acoustic speed 𝑐௜ = ට௞ಳ ೐்௠೔  and the electrostatic potential ϕ is 

normalized by ௞ಳ ೐்௘ , where, 𝑇௘, 𝑘஻, 𝑚௜ and 𝑒 represents electron temperature, Boltzmann’s constant, ion mass and 
electronic charge respectively. The time and space variables are normalized by the inverse of the ion plasma frequency 𝜔௣௜ିଵ = ට ௠೔ସగ௘మ௡೔బ and Debye length 𝜆஽ = ට ௞ಳ ೐்ସగ௘మ௡೔బ respectively. 

We consider a variable ξ = x − Mt (where, 𝑀 represents the Mach number), that influences all the dependent 
variables in the nonlinear equations to employ the Sagdeev potential (pseudopotential) method. 

Applying the boundary conditions ξ → ±∞, 𝑛௜ → 1, 𝑛ௗା → 1, 𝑛ௗି → 1, 𝑢௜ → 0, 𝑢ௗା → 0, 𝑢ௗି → 0, ɸ → 0, we 
obtain the overall solution for 𝑛௜, 𝑛ௗା and 𝑛ௗିas,  

 𝑛௜ = ቀ1 − ଶɸெమቁିభమ, (11) 

 𝑛ௗା = ቀ1 − ଶµ೏శɸெమ ቁିభమ, (12) 

 𝑛ௗି = ቀ1 + ଶµ೏షɸெమ ቁିభమ. (13) 

Applying the fundamental densities from the equations (7), (9), (11), (12) and (13) into the equation (10) and then 
multiplying 𝒅ɸ𝒅𝛏 , we get the standard energy integral equation as,  

 ଵଶ ቀௗɸௗஞቁଶ + 𝑉(ɸ) = 0. (14) 
Here, 𝑉(ɸ) represents the Sagdeev Potential in the energy integral equation (14). The 𝑉(ɸ) is given by, 

𝑉(ɸ) = −𝑀ଶ ቈට1 − ଶɸெమ − 1቉ − ఋశெమµ೏శ ቈට1 − ଶµ೏శɸெమ − 1቉ − ఋషெమµ೏ష ቈට1 + ଶµ೏షɸெమ − 1቉ −𝛿௘ ቀ(1 + 3𝛽 − 3𝛽ɸ + 𝛽ɸଶ)𝑒ɸ − (1 + 3𝛽)ቁ + 𝛿௣ ቀɸ − ௤ାଵସ 𝜎௣ɸଶቁ (15) 
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For a localized solution of equation (14) to exist, certain requirements must be satisfied [37]. It is clear that, for ɸ = 0, 
the fixed point at the origin is unstable since 𝑉(ɸ) = 0, ௗ௏(ɸ)ௗɸ = 0 and ௗమ௏(ɸ)ௗɸమ < 0 . All the requirements are found to be 
met. Again, 𝑉(ɸ) < 0 must be satisfied between ɸ = 0 and ɸ = ɸ௠, where ɸ௠ represents the maximum (or minimum) 
value of ɸ for which 𝑉(ɸ௠) = 0 . 
The condition, ௗమ௏(ɸ)ௗɸమ < 0 at ɸ = 0 gives the lower limit of Mach number (𝑀௠௜௡) as, 

𝑀௠௜௡ = ඨ 1 + 𝛿ାµௗା+ 𝛿ିµௗି𝛿௘(1 − 𝛽) + 12 𝛿௣𝜎௣(𝑞 + 1) 

The Mach number must satisfy 𝑀 > 𝑀௠௜௡ for the solitary waves to exist. 
From equation (11) we observe that for 𝑛௜ to be real we must have 𝑀ଶ ൒ 2ɸ . Thus, the extreme value of ɸ is,  

 ɸ௠ = ɸ଴ = ெమଶ  (16) 
Substituting the extreme value of ɸ from equation (16) in (15) we get the M upper limit as 𝑉(ɸ) ൒ 0, which gives, 

𝑀ଶ − 𝛿ା𝑀ଶµௗା ൣඥ1 − µௗା − 1൧ − 𝛿ି 𝑀ଶµௗି ൣඥ1 + µௗି − 1൧ − 𝛿௘ ቈ൬1 + 3𝛽 − 32𝛽𝑀ଶ + 14𝛽𝑀ସ൰ 𝑒ெమଶ − (1 + 3𝛽)቉ + 𝛿௣ ቈ𝑀ଶ2 − 𝑞 + 116 𝜎௣𝑀ସ቉ ൒  0 

It is also crucial to investigate the profiles of solitary waves when their amplitudes are no longer arbitrary but small. 
To study small amplitude solitary waves, the Sagdeev Potential V(φ) can be Taylor expanded about φ=0 up to a reasonable 
order of φ so as to obtain a soliton solution from the energy integral equation. 
Therefore, equation (14) can be reduced to,  

 ଵଶ ቀௗɸௗஞቁଶ + 𝐴ɸଶ + 𝐵ɸଷ = 0, (17) 
where 𝐴 = 𝛿ାµௗశ2𝑀ଶ + 𝛿ିµௗష2𝑀ଶ + 𝛽𝛿௘2 − 𝛿௘2 + 12𝑀ଶ − 𝛿௣𝜎௣(𝑞 + 1)4  

𝐵 = 𝛿ାµௗశଶ2𝑀ସ − 𝛿ିµௗషଶ2𝑀ସ − 𝛿௘6 + 12𝑀ସ 

Integrating equation (17) and using the boundary conditions stated before, we obtain the soliton solution as, ɸ = ɸ௠𝑠𝑒𝑐ℎଶ ൬𝜉𝑤൰ 

where, ɸ௠ = −஺஻ and 𝑤 = ට− ଶ஺ represents the amplitude and width of the soliton, respectively. 

 
3. RESULTS AND DISCUSSION 

The existence, structure, and characteristics of large-amplitude nonlinear waves, particularly solitary waves, can be 
analyzed by using the Sagdeev Potential method. Figure 1 shows the variation of the Sagdeev Potential for different 
values of the Mach number (M) and fixed µd+=0.0000748, µd-=0.0000778, δ+=0.38, δ_=0.7, δe=0.8, β =0.15, δp =0.12, 
σp=0.2, q=0.5. Figure 1 shows that as the Mach number (M) increases, depth of the Sagdeev potential well increases. 
Therefore, as M increases, the nonlinear effects in the plasma become more dominant over dispersive effects. This leads 
to an increase in the maximum amplitude of the electrostatic potential, which directly corresponds to a deeper and wider 
Sagdeev potential well. 

  
Figure 1. Variation of Sagdeev Potential V(ɸ) with respect to ɸ 

for different values of M 
Figure 2. Variation of Sagdeev Potential V(ɸ) with respect to ɸ 

for different values of β 
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Figure 2 shows the variation of the Sagdeev Potential for different values of non-thermal parameter β and fixed 
µd+=0.0000748, µd-=0.0000778, δ+=0.38, δ_=0.7, δe =0.8, δp =0.12, σp=0.2, M=1.45, q=0.5. Figure 2 shows that as the 
nonthermal electron parameter (β) increases, the depth of the Sagdeev potential well decreases. Therefore, as the 
nonthermal parameter β increases, the increased population of high-energy electrons enhances the plasma's dispersion 
and weakens the nonlinear forces. This results in the formation of smaller-amplitude, broader solitary waves, represented 
by a shallower potential well. 

Figure 3 shows the variation of the Sagdeev Potential for different values of the non-extensive parameter q and fixed 
µd+=0.0000748, µd-=0.0000778, δ+=0.38, δ_=0.7, δe =0.8, β =0.15, δp =0.12, σp=0.2, M=1.45. Figure 3 shows that as the 
non-extensive parameter (q) increases, the depth of the Sagdeev potential well increases. Therefore, increasing q typically 
reduces the kinetic energy of the plasma species. This reduction makes energy exchange between the particles and the 
electric field easier, which enhances the amplitude of the electric field and effectively deepens the potential well. Figure 4 
shows the variation of the Sagdeev Potential for different values of σp and fixed µd+=0.0000748, µd-=0.0000778, δ+=0.38, 
δ_=0.7, δe =0.8, β =0.15, δp =0.12, M=1.45, q=0.5. Figure 4 shows that as the electron to positron temperature ratio (σp) 
increases, depth of the Sagdeev potential well increases. Therefore, higher temperatures allow electrons to behave more 
collectively. This collective interaction enhances the dispersion properties of the wave, and for a soliton to exist, the 
potential well must deepen to match the increased dispersion. As the electron temperature rises relative to the positron 
temperature, the thermal pressure of the electrons dominates, which can lead to a more significant separation of charge 
and a deeper potential well to balance the wave's kinetic energy. 

 
Figure 3. Variation of Sagdeev Potential V(ɸ) with respect to ɸ 

for different values of q 
Figure 4. Variation of Sagdeev Potential V(ɸ) with respect to ɸ 

for different values of σp 

Figure 5 shows the variation of the Sagdeev Potential for different values of δe and fixed µd+ = 0.0000748, 
µd- = 0.0000778, δ_= 0.7, β = 0.15, δp = 0.12, σp= 0.2, M = 1.45, q = 0.5. Figure 5 shows that as electron to ion density 
ratio (δe) increases, depth of the Sagdeev potential well increases. An increase in δe signifies a higher concentration of 
electrons relative to ions. In a moving wave frame, this leads to a stronger electric field and greater charge separation, which 
directly translates to a deeper potential well to maintain the wave structure. Figure 6 shows the variation of the Sagdeev 
Potential for different values of δ+ and fixed µd+=0.0000748, µd-=0.0000778, δ_=0.7, β =0.15, δp =0.12, σp=0.2, M = 1.45, 
q = 0.5. Figure 6 shows that as charge density ratio of positively charged dust (δ+) increases, depth of the Sagdeev potential 
well increases. We can say that, when the charge density ratio of positively charged dust (δ+) increases, the depth of the 
Sagdeev potential well increases primarily due to the enhancement of the system's nonlinearity. As δ+ increases, the 
contribution of the dust species to the Poisson equation becomes more significant. This shifts the balance between the 
dispersive and nonlinear effects in the plasma, typically leading to more robust (deeper and wider) potential well. 

  
Figure 5. Variation of Sagdeev Potential V(ɸ) with respect to ɸ 

for different values of δe 
Figure 6. Variation of Sagdeev Potential V(ɸ) with respect to ɸ 

for different values of δ 

Figure 7 shows the variation of the Sagdeev Potential for different values of δ_ and fixed µd+=0.0000748, 
µd- = 0.0000778, δ+=0.38, β =0.15, δp =0.12, σp=0.2, M=1.45, q=0.5. Figure 7 shows that as charge density ratio of 
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negatively charged dust (δ_) increases, depth of the Sagdeev potential well decreases. Therefore, increasing δ_ increases 
the overall inertia of the negative charge carrier in the plasma. This makes the system more sluggish, meaning it cannot 
reach the same high-potential amplitudes before the kinetic energy of the particles is exhausted, which manifests as a 
shallower potential well. Figure 8 shows the variation of the Sagdeev Potential for different values of δp and fixed 
µd+=0.0000748, µd-=0.0000778, δ+=0.38, δ_=0.7, β=0.15, σp=0.2, M=1.45, q=0.5. Figure 8 shows that as positron to ion 
density ratio (δp) increases, depth of the Sagdeev potential well increases. Since, positrons have the same mass as electrons 
but the opposite charge, they effectively neutralize some of the electron effects. This weakens the electrostatic restoring 
force that usually limits the growth of ion-acoustic waves. With a weaker restoring force, the plasma can support larger 
electric field gradients. Thus, the system becomes more nonlinear, allowing the solitary wave to acquire a larger maximum 
amplitude. In the Sagdeev potential framework, a larger amplitude translates directly to a deeper potential well. 

  
Figure 7. Variation of Sagdeev Potential V(ɸ) with respect to ɸ 

for different values of δ_ 
Figure 8. Variation of Sagdeev Potential V(ɸ) with respect to ɸ 

for different values of δp 

Figure 9 shows the variation of Mmin with respect to β for fixed δ+=0.38, µd+=0.0000748, δ_=0.7, µd-=0.0000778, 
δe=0.8, δp=0.12, σp=0.2, q=0.8. We observe that as β increases, Mmin gradually increases. Increase in β makes the plasma 
more rigid against the formation of solitary waves, requiring higher Mach number to initiate the nonlinear processes 
necessary for compressive solitons. Figure 10 shows the Variation of Mmin with respect to q for fixed δ+=0.38, 
µd+=0.0000748, δ_=0.7, µd-=0.0000778, δe=0.8, δp=0.12, σp=0.2, β=0.15. The figure shows that as q increases, Mmin 
gradually decreases. Increasing q reduces the energetic tail of the positron distribution, lowering the plasma's acoustic 
speed and making it mathematically easier to reach the supersonic regime required for soliton existence. 

  

Figure 9. Variation of Mmin with respect to β Figure 10. Variation of Mmin with respect to q 

Figure 11 shows the Phase portrait for different values of M and fixed δ+=0.38, µd+=0.0000748, δ_=0.7, 
µd- = 0.0000778, δe= 0.8, β = 0.15, δp = 0.12, σp = 0.2, q = 0.5, M = 1.35. The closed loops starting and ending at the origin 
(0,0) represents homoclinic orbits. In plasma physics, these orbits correspond to solitary wave solutions where the 
potential and its gradient vanish at infinity. Because the loops exist on the positive side of the ɸ-axis, these are compressive 
solitons. As the Mach number increases, amplitude increases. The point where the loop crosses the horizontal axis (ɸ-axis) 
moves further to the right. This represents the peak amplitude of the soliton. Also, the maximum and minimum values of డɸడஞ  (the height of the loop) increase, indicating that higher Mach numbers lead to solitons with steeper profiles. Figure 12 
shows the Phase portrait for different values of σp and fixed δ+ = 0.38, µd+ = 0.0000748, δ_ = 0.7, µd- = 0.0000778, 
δe = 0.8, β = 0.15, δp = 0.12, σp = 0.5, q = 0.5, M = 1.45. As σp increases, the homoclinic orbits (the loops) expand further 
along the positive ɸ-axis. This confirms that a higher temperature ratio leads to compressive solitons with larger 
amplitudes. The height of the loops increases as σp grows. This indicates that as the positrons become colder relative to 
the electrons (higher σp ), the resulting solitary wave becomes steeper (higher డɸడஞ  ). 
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Figure 11. Phase portrait for different values of M Figure 12. Phase portrait for different values of σp 

Figure 13 shows the variation of soliton profile with respect to ξ for different values of q and fixed δ+=0.6, 
µd+=0.0000748, δ_=0.7, µd-=0.0000778, β=0.25, δe=0.8, δp=0.53, σp=0.5, q=1.5, M=1.15. We observe that as the value of 
q increases, the amplitude of soliton increases and the width decreases. Therefore, as q deviates from superextensive to 
subextensive regime, it enhances the energy of the solitons resulting the soliton structure to become taller and narrower. 
Figure 14 shows the variation of soliton profile with respect to ξ for different values of β and fixed δ+=0.6, µd+=0.0000748, 
δ_=0.7, µd-=0.0000778, β=0.15, δe =0.8, δp=0.53, σp=0.5, q=0.8, M=1.15. We observe that as the value of β increases the 
amplitude of soliton decreases and the width increases. Therefore, the effect of the non-extensive parameter q and the 
nonthermal parameter β are opposite on the soliton profile for small amplitude solitons. This is same as the effect of q 
and β on large amplitude solitons.  

  
Figure 13. Variation of soliton profile with respect to ξ for 

different values of q 
Figure 14. Variation of soliton profile with respect to ξ for 

different values of β 

Figure 15 shows the variation of soliton profile with respect to ξ for different values of σp and fixed δ+ = 0.6, 
µd+ = 0.0000748, δ_ = 0.7, µd- = 0.0000778, β = 0.15, δe = 0.8, δp = 0.53, σp = 0.3, q = 0.8, M = 1.15. We observe that, as 
the value of σp increases, the amplitude of soliton increases and the width decreases. Therefore, as the electrons become 
relatively hotter than the positrons, the solitons become taller and narrower. This indicates increase in energy of soliton 
for increasing values of σp. 

  
Figure 15. Variation of soliton profile with respect to ξ for 

different values of σp 
Figure 16. Variation of soliton profile with respect to ξ for 

different values of M 
Figure 16 shows the variation of Soliton profile with respect to ξ for different values of M and fixed δ+ = 0.6, 

µd+ = 0.0000748, δ_ = 0.7, µd- = 0.0000778, β = 0.25, δe = 0.8, δp = 0.53, σp = 0.5, q = 0.8, M = 1.18. We observe that as 
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the value of M increases, the amplitude of soliton also increases and the width decreases. Therefore, as M increases, the 
nonlinear effects in the plasma become more dominant over dispersive effects. We observe that the effects of the electron 
to positron temperature ratio σp and the Mach number M is same on the soliton profile for small amplitude solitons. This 
is same as the effect of σp and M on large amplitude solitons. 
 

4. CONCLUSIONS 
In the study of solitons in an unmagnetized dusty plasma composed of cold ions, negatively charged dust grains, 

positively charged dust grains, non-thermal electrons and non-extensive positrons, we have found the existence of 
compressive solitons. The solitons are found to exist in our plasma model for a supersonic regime (M > 1). The 
compressive solitons are found to be influenced by the non-extensive parameter (q), the non-thermal parameter (β), charge 
density ratio of positively charged dust (δ+), charge density ratio of negatively charged dust (δ_), positron to ion density 
ratio (δp), electron to ion density ratio (δe), electron to positron temperature ratio (σp) and the Mach number (M). The 
increase in the depth of the Sagdeev potential well represents increase in the amplitude of the solitons. The amplitude of 
the compressive solitons is found to increase for increasing values of M, δp, δ+, δe, q and σp; however, amplitude of the 
compressive solitons found to decrease for increasing values of δ_ and β. The dual nature of the dust population plays a 
critical role in wave dynamics; while positively charged dust (δ+) enhances the nonlinear potential, the negative dust 
component (δ_) provides significant inertia that acts to suppress the growth of compressive structures. Similarly, the 
statistical deviation from Maxwellian behaviour shows that non-extensive positrons favour soliton growth, whereas non-
thermal electrons act as a dampening mechanism, illustrating the high sensitivity of the system to the specific energy 
distribution of its lighter species. The influence of non-thermal electrons and non- extensive positrons on ion-acoustic 
solitary waves in a multi- component plasma was investigated in [36]. Variation of Sagdeev Potential was investigated in 
[36] for 0.4 ≤ 𝑞 ≤ 2.9. However, in our study, Sagdeev Potential shows significant variations for 0.2 ≤ 𝑞 ≤  1.8. This 
change in range in our plasma model is because of involvement of dust components, which makes the effect of the non- 
extensive parameter (q) towards Sagdeev potential more sensitive. These effects of the parameters can have influence on 
understanding the nonlinear solitary structures present in astrophysical environment.  
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ВПЛИВ НЕТЕПЛОВИХ ЕЛЕКТРОНІВ ТА НЕЕКСТЕНСИВНИХ ПОЗИТРОНІВ НА ОДИНОЧНІ ХВИЛІ 
В БАГАТОКОМПОНЕНТНІЙ ПИЛОВІЙ ПЛАЗМІ 

Сатьєндра Натх Барман1, Кінгкар Талукдар2 
1Коледж B. Боруа, Гувахаті 781007, Ассам, Індія 

2Кафедра математики, Університет Гаухаті, Гувахаті 781014, Ассам, Індія 
У цьому дослідженні ми вивчали існування та характеристики солітонів у немагнітній запиленій плазмі, що складається з 
холодних іонів, негативно заряджених пилових частинок, позитивно заряджених пилових частинок, нетеплових електронів та 
неекстенсивних позитронів. Властивості солітонів зазвичай вивчаються за допомогою методу редукційних збурень та методу 
потенціалу Сагдеєва. Ми вивели інтегральне рівняння енергії, використовуючи метод потенціалу Сагдеєва. Ми також 
обговорили зміну потенціалу Сагдеєва для різних значень параметрів, що беруть участь у нашій моделі плазми. 
Неекстенсивний параметр (q), нетепловий параметр (β), коефіцієнт густини заряду позитивно зарядженого пилу (δ+), 
коефіцієнт густини заряду негативно зарядженого пилу (δ_), коефіцієнт густини позитронів до іонів (δp), коефіцієнт густини 
електронів до іонів (δe), коефіцієнт температури електронів до позитронів (σp) та число Маха (M) впливають на амплітуду 
солітонів. Наше дослідження показує, що нетермальність електронів та неекстенсивність позитронів суттєво змінюють 
характеристики солітонів. Результати нашого дослідження можуть бути корисними для вивчення плазми в космічних 
середовищах, таких як кометні хвости та міжзоряні хмари. 
Ключові слова: нетепловий режим; одиночні хвилі; потенціал Сагдеєва; інтеграл енергії; пилова плазма 




