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Abstract Pair ion plasma with a fraction of non-thermal elec-
trons is considered. We investigate the effects of the streaming
motion of ions on linear and nonlinear properties of
unmagnetized, collisionless plasma by using the fluid model.
A dispersion relation is derived, and the growth rate of stream-
ing instabilities with effect of streaming motion of ions and
non-thermal electrons is calculated. A qausi-potential ap-
proach is adopted to study the characteristics of ion acoustic
solitons. An energy integral equation involving Sagdeev po-
tential is derived during this process. The presence of the
streaming term in the energy integral equation affects the
structure of the solitary waves significantly along with non-
thermal electrons. Possible application of the work to the
space and laboratory plasmas are highlighted.

Keywords Pair ion plasma . Streaming instability . Solitary
structure

1 Introduction

Pair plasma due to the equal mass of its constituent species
presents a scenario where it is possible to avoid asymmetric

phenomena arising from large mass difference of plasma spe-
cies. Although electron-positron pair plasmas make a good ex-
ample of such plasmas and are of interest to physicists due to
their natural occurrences, dense pair ion plasmas are more sta-
ble [1]. Moreover, recent successes in producing pair ion plas-
ma (PI) in laboratory have also prompted the surge of activity in
the field. The experimental configuration of hydrogen pair plas-
ma (H+, H−) is presented in [2–4]. On the other hand, pair ion
plasma are also relevant in astrophysical settings [5].

To explain the experimental results, it is suggested that pair
ion plasma can contain a significant fraction of electrons. The
experimental results of Oohara et al. alsomotivate the research
on pair-ion-electron (p-i-e) plasma as it is expected that such
plasma could also be produced in the laboratory. Therefore,
linear and nonlinear wave structures are already investigated
in such p-i-e plasma by several authors [6–8].

Streaming motion of plasma particles may become im-
portant in a variety of situations, e.g., in solar atmosphere
[9, 10] and interstellar space [11], laser plasma interaction
[12, 13], and in some space plasma phenomena [14]. The
asymptotic study of the general solution of the dispersion
relation reveals the linear two stream instabilities which are
obtained in terms of three dimensionless parameters that
characterize the steady state of the plasma. Such analysis
determines (i) the analytical expression of the maximum
growth rate and the associated wave number, (ii) the domi-
nant different stability types of the parametric regions, (iii)
the analytical expression for instability threshold, and (iv)
the evolution in the character from one type to another type
[15]. The well-known forms of two stream instabilities for
electron ion (e-i) plasmas are the ion acoustic (IA) instability
[16, 17] (for low drift velocities) and the Buneman or reac-
tive instability [18] (for high drift velocities). A complete
and systematic picture of different characteristics and types
of linear streaming instabilities is presented in [19, 20].
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It is also interesting to study solitary structures in pair ion
electron plasma. Both refractive and compressive solitons are
observed at critical temperature of negative ions in [21].
Nakmura et al. [22] have studied the large amplitude solitary
waves with negative ions in multicomponent plasma with
experimental results of [22]. The linear and nonlinear behav-
iors of electrostatic waves in PI plasma are also investigated
in [8, 17]. Some acoustic solitary waves and double layers
with nonextensive, superthermal, and with non-thermal elec-
trons are studied for both planar and non-planar geometry by
Sahu et al. [23].

In this work, we investigate the effects of the streaming
motion of ions on linear and nonlinear properties of pair ion
plasma by using the plasma fluid model in unmagnetized,
collisionless plasma, and the formation and properties of sol-
itons. We derive the dispersion relation and calculate the
growth rate of the instability. Doped pair ion plasma are sup-
posed, which are not completely filtered, e.g., fullerene pair
ion plasmas (C±60) with some fraction of electrons. The effect
of non-thermal electrons on ion acoustic soliton in plasma
with adiabatic positive and negative ions are considered.
Qausi-potential approach is followed to study the characteris-
tics of the ion acoustic solitons.

This manuscript is organized as follows. In Section 2, the
basic equations and formulation of plasma dynamics are used
to derive the dispersion relation for the growth rate of the
streaming instability. In Section 3, we derive the growth rate
of two stream instability for counter streaming ions and one
stream instability for positive and negative ions. In Section 4,
we derive the energy integral equation with Sagdeev potential
which leads to the characteristics of soliton and solitary
waves. The results and discussions are presented in Section 5
and summary and conclusion in Section 6.

2 Basic Equations and Formulation

We consider a PI plasma composed of positive and negative
ions with non-thermal electrons. For instabilities analysis and
to investigate the nonlinear dynamics of the solitary waves,
we use the following one-dimensional hydrodynamic model
given by the equation of motion and continuity equations for
both positive and negative ions.

∂n j

∂t
þ υ jo

∂nj

∂x
þ ∂ njv j

� �
∂x

¼ 0 ð1Þ

∂v j

∂t
þ υ jo

∂v j

∂x
þ 1

2

∂v2j
∂x

� Z j
∂Φ
∂x

þ 3

2
δ j

∂n2j
∂x

¼ 0 ð2Þ

The system is closed with the Poisson equation as

∂2ϕ
∂x2

þ nþ−μne− 1−μð Þn− ¼ 0 ð3Þ

Where j=positive ion (+), negative ion (−) and nj is
the density of positive (negative) ion normalized by the
background value nj0, and vj is the positive (negative)

ion velocity normalized by ion acoustic speed Cs ¼
Te=mþð Þ12 where Te is the electron temperature and m+

is the mass of positive ion. The electrostatic wave po-
tential ϕ is normalized by kBTe/e. For adiabatic PI pres-

sure, we have pj ¼ pj0 nj=nj0

� �γ
, where γ=Nþ2

N , is the

polytropic index, with N being the number of degrees
of freedom, and pj0=nj0KBTj is the equilibrium PI pres-
sure. The ratio δ j ¼ T j=Te represents the ions to elec-
tron temperature ratio. By using background quasi-neu-
trality, we have μ=neo/n+o and n−o/n+o=(1−μ). The
time and space variables are normalized in terms of

plasma period ω−1
pþ ¼ mj=4πnþoZþe2

� �1
2, and Debye

length λDE ¼ Te=4πnþoZþe2ð Þ12 respectively. To describe
the electron distribution with population of fast particles
[24, 25], we take the following

f e υð Þ ¼ n0
3αþ 1ð Þ þ ffiffiffiffiffiffiffiffiffiffi

2πυ2e
p 1þ αυ4

υ4e

� �
exp −

υ2

υ2e

� �
ð4Þ

and integrating over the velocity space with dimensionless
potential ϕ gives the electron number density

ne ¼ ne0e
ϕ 1−βϕþ βϕ2
� � ð5Þ

Here, β ¼ 4α
1þ3α, with α being the parameter which

determines the number of non-thermal electrons present
in the non-thermal plasma model. Linearizing the num-
ber density with nj=nj0+nj1 and υj=υj0+υj1 representing
nj1 and υj1 with dependence exp (−iωt+ ikx), we obtain
the following linearized equations

− ω−kυ j0

� �
nj1 þ nj0kυ j1 ¼ 0 ð6Þ

nj1

nj0
¼ � k2

ω−kυ j0

� �2−3δ jn j0k
2
ϕ ð7Þ

−k2ϕ ¼ 1−μð Þn−1 þ μne1−nþ1 ð8Þ

and the linearized electron number density as

ne1 ¼ 1þ ϕ 1−βð Þ ð9Þ

Using the Eqs. (6–9), the following dispersion relation is
obtained

1−μð Þ
ω−kυ−0ð Þ2−3δ−k2

h i − 1−βð Þμ
k2

þ 1

ω−kυþ0ð Þ2−3δþk2
� ¼ 1 ð10Þ
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3 Instability Analysis

We now investigate the growth rate for one stream instability
by using the parameter of cold ion, i.e., υ+0=δ+=0

1 ¼ 1−μð Þ
ω−κυ−0ð Þ2−3δ−k2

−
1−βð Þμ
k2

þ 1

ω2

f ωð Þ ¼ 1−μð Þ
ω−kυ−0ð Þ−3δ−k2

−
1−βð Þμ
k2

þ 1

ω2

ð11Þ

f ωð Þ ¼ a

ω−λð Þ2−3c −bþ
1

ω2
ð12Þ

where a=(1−μ), λ=kυ−0, b ¼ 1−βð Þμ
k2

, and c=δ−k
2. Instability

occurs when Eq. (12) has complex roots. It occurs when the
local minimum of f(ω) for 0<ω<(±3c+λ) is greater than 1.
The function f(ω) is plotted against ω in Fig. 1, for arbitrary
values of a, b, c, and λ. The function f(ω) has singularity at ω=
−1, and 2. For real and positive values of ω, there are two
propagating or stable regions separated by one non-
propagating or unstable region.

3.1 Instability Analysis by Carden’s Method

Puttingω=ωR+iγ in Eq. (11) and for plane waves analysis, the
amplitude of the waves is either growing or damping. For
growing instability γ>0 and for decaying waves γ<0. Com-
paring the real and imaginary terms of ω, we have

γ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A1ω2

R þ B1ωR−
C1

ωR
−D1

r
ð13Þ

A2ω
3
R þ B2ω

2
R−C2ωR þ D2 ¼ 0; ð14Þ

with A1 ¼ 2kυ−0−1
4kυ−0

, B1 ¼ k 1þ 1þβð Þ υ2 0−3δ−ð Þ½ �
4υ−0 1−βð Þ , C1 ¼ k3 υ2−0−3δ−ð Þ

4μυ−0 1−βð Þ ,

D1 ¼ k2

2μ 1−βð Þ and A2=μ(1−β), B2= kμυ− 0+ (1−β), C2=

k2[μ(υ− 0
2 −3δ−)(1−β)−1], D2=k

3υ−0. The coefficients A2, B2,
C2, D2 are all real, so the Eq. (14) has three real roots; we can
then use these roots to reduce the cubic into quadratic equa-
tion. The Eq. (14) can be reduced to cubic without second

degree term by the substitution ωR ¼ Z− B2
3A2

, and it reduces to

Z3 þ 3PZ þ 2Q ¼ 0; ð15Þ

where P ¼ −C2
3A2

− B2
2

9A2
2
and Q ¼ D2

2A2
þ C2B2

6A2
2
þ B3

2

27A3
2
. By using the

Carden’s rule, the root of Eq. 15 can be written as

Z ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P2 þ Q2

q
−Q

� �1
3

−
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P3 þ Q2

q
þ Q

� �1
3

ð16Þ

If we assume υ−0=1,μ=0.3,β=2,δ−=0.2, then P3+Q2<0.
The solution for Z is then

Z ¼ −2
ffiffiffiffiffiffi
−P

p
cos

1

3
arctan

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−P3−Q2

p
Q

 !" #
ð17Þ

Using P, Q and Z ¼ ωR þ B2
3A2

in (17), we then determine

the root of ωR as

ωR ¼ −
B2

3A2
−2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C2

3A2
þ B2

2

9A2
2

s

cos
1

3
arctan

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
C2
3A2

þ B3
2

9A2
2

	 
3
− D2

2A2
þ C2B2

6A2
2
þ B3

2

27A3
2

	 
2r
D2

2A2
þ C2B2

6A2
2

þ B3
2

27A3
2

0
BBB@

1
CCCA

2
6664

3
7775
ð18Þ

Fig. 1 Sketch of f(ω) as a
function of ω using Eq. (12). The
arbitrary parameters used are λ=
1, a=0.5, b=0.2, and c=0.3
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Now the growth rate for streaming instability in pair-ion
plasma in this special case can be written as

γ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2k−1
4k

ω2
R þ 0:15kωR−

0:333k3

ωR
−1:666k2

s
ð19Þ

Similarly, if we consider the negative ions as cold and at
rest (i.e., υ−0=δ−=0) species, we will have the similar results
as of (18) and (19) for real and growth rate of the instability,
but when positive ions are streaming. These results show how
an increase in free energy of the plasma which is given by the
stream of the beams of ions leads to instabilities. This increase
in the free energy is responsible for plasma to be unstable. The
instabilities do not arise without free energy. The free energy
may come from anisotropic plasma pressure or streaming of
plasma particles with respect to each other. Here, in these
cases, the free energy is due to streaming of ions.

4 Formulation of Energy Integral Equation

We adopt the pseudo-potential approach for examining the
existence and properties of solitary structures. It is useful to
use the moving frame of reference ξ=x−Mt where M=u/cs is
the Mach number and u is the speed of the localized nonlinear
structure moving with the frame. Solving together (1) and (2)
with boundary conditions n±→1, υ±→0,ϕ→0 at ξ→±∞, we
obtain a general solution for PI in terms of n±

2 as

n2� ¼ 1

2δ�
χ� þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
χ2
�−12δ�M

2
D�

q� �
ð20Þ

where χ±=MD±
2 +3δ±∓2Z±ϕ with MD±=M−υ±0 is the Dopp-

ler Mach number. Following the idea of [24–26], we look for
solution n± in the form

Fig. 2 Sketches of a ωR and b
growth rate γ as a function of
wave vector k for different values
of υ_o Using Eqs. (18) and (19),
such that υ−o=1 (solid line), = 1.2
(dotted line), and = 1.4 (bold line).
Other parameters are μ=0.012,
δ+=0.2, δ−=0.1, and β=0.5
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n� ¼ 1ffiffiffi
2

p ffiffiffiffi
X

p
�

ffiffiffiffi
Y

ph i
ð21Þ

Using (20) in (21) will allow us to determine X and Y as

X ¼ 1

6δ�
MD� þ

ffiffiffiffiffiffiffiffi
3δ�

p	 
2
∓2Z ϕ�

� �
ð22Þ

Y ¼ 1

6δ�
MD�−

ffiffiffiffiffiffiffiffi
3δ�

p	 
2
∓2Z ϕ�

� �
ð23Þ

Using (22) and (23) and after some standard algebraic ma-
nipulation leads to the following expressions for n+ and n−

nþ ¼ 1

2
ffiffiffiffiffiffiffiffi
3δþ

p MDþ þ
ffiffiffiffiffiffiffiffi
3δþ

p	 
2
−2 ϕzþ

� �1
2

� MDþ−
ffiffiffiffiffiffiffiffi
3δþ

p	 
2
− ϕ2zþ

� �1
2

ð24Þ

n− ¼ 1

2
ffiffiffiffiffiffiffi
3δ−

p MD− þ
ffiffiffiffiffiffiffi
3δ−

p	 
2
þ 2 ϕz

� �1
2

� MD−−
ffiffiffiffiffiffiffi
3δ−

p	 
2
þ 2 ϕz−

� �1
2

ð25Þ

Employing all the constituent densities from (9), (24), and

(25) into (3), after multiplication by dϕ
dξ and integration, leads to

the energy integral equation as

1

2

dϕ
dξ

� �2

þ V ϕð Þ ¼ 0; ð26Þ

where V(ϕ) is the pseudo-potential (or Sagdeev potential),
which can be expressed as

Fig. 3 Variation of growth rate γ
as a function of k for different
values of nonthermality of
electrons β, using Eq. (19), such
that β=0.55 for solid curve,
β=0.6 for dashed curve, and
β=0.65 for bold solid curve.
Other parameters are μ=0.012,
δ+=0.2, δ−=0.1, and υ−o=1

Braz J Phys (2015) 45:633–642 637



V ϕð Þ ¼ μ 1þ 3β−eϕ þ 3βeϕ ϕ−1ð Þ−βϕ2eϕ
� �

þ 1

6
ffiffiffiffiffiffiffiffi
3δþ

p MDþ þ
ffiffiffiffiffiffiffiffi
3δþ

p	 
3
� MDþ−

ffiffiffiffiffiffiffiffi
3δþ

p	 
3� �

−
1

6
ffiffiffiffiffiffiffiffi
3δþ

p MDþ þ
ffiffiffiffiffiffiffiffi
3δþ

p	 
2
−2zþϕ

� �3
2

� MDþ−
ffiffiffiffiffiffiffiffi
3δþ

p	 
2
−2 ϕzþ

� �3
2

( )

þ 1−μð Þ
6
ffiffiffiffiffiffiffi
3δ−

p MD− þ
ffiffiffiffiffiffiffi
3δ−

p	 
3
� MD−−

ffiffiffiffiffiffiffi
3δ−

p	 
3� �

−
1−μð Þ

6
ffiffiffiffiffiffiffi
3δ−

p MD− þ
ffiffiffiffiffiffiffi
3δ−

p	 
2
þ 2z ϕ

� �3
2

� MD−−
ffiffiffiffiffiffiffi
3δ−

p	 
2
þ2 ϕz

� �3
2

( )

ð27Þ
Now for isothermal electrons (β→0), the Sagdeev poten-

tial (27) can be modified as
V ϕð Þ ¼ μ 1−eϕ

� �
þ 1

6
ffiffiffiffiffiffiffiffi
3δþ

p MDþ þ
ffiffiffiffiffiffiffiffi
3δþ

p	 
3
� MDþ−

ffiffiffiffiffiffiffiffi
3δþ

p	 
3� �

−
1

6
ffiffiffiffiffiffiffiffi
3δþ

p MDþ þ
ffiffiffiffiffiffiffiffi
3δþ

p	 
2
−2zþϕ

� �3
2

� MDþ−
ffiffiffiffiffiffiffiffi
3δþ

p	 
2
−2 ϕzþ

� �3
2

( )

þ 1−μð Þ
6
ffiffiffiffiffiffiffi
3δ−

p MD− þ
ffiffiffiffiffiffiffi
3δ−

p	 
3
� MD−−

ffiffiffiffiffiffiffi
3δ−

p	 
3� �

−
1−μð Þ

6
ffiffiffiffiffiffiffi
3δ−

p MD− þ
ffiffiffiffiffiffiffi
3δ−

p	 
2
þ 2z−ϕ

� �3
2

� MD−−
ffiffiffiffiffiffiffi
3δ−

p	 
2
þ2 ϕz−

� �3
2

( )

ð28Þ

Equation (27) can be regarded as an Benergy integral
equation^ of an oscillating particle of unit mass, with pseudo-

speed dϕ
dξ, pseudo-position ϕ, pseudo-time ξ, and pseudo-potential

V(ϕ). The form of pseudo-potential could determine whether the
solitary wave or soliton of (27) exists or not. It is clear that V(ϕ)=

0 and dV ϕð Þ
dϕ ¼ 0 at ϕ ¼ 0. In this case, solitary wave structure

exists if d2V ϕð Þ
dϕ2 ≤0 at ϕ ¼ 0 so that zero as a fixed point is

unstable. All the specified conditions are satisfied. Besides that,
V(ϕ) should be negative between ϕ=0 and ϕm, where ϕm is the
maximum (or minimum) value of ϕ. The second condition is
known as soliton condition. It is seen that for lower sign from
(27), we have

∂2V Mð Þ
∂ϕ2 ¼ β−μð Þ þ Zþ

M 2
Dþ−3δþ

−
1−μð ÞZ−

M 2
D−−3δ−

< 0 ð29Þ

For υ+0=υ−0=υ0, which implies that MD+=MD−=MD,
then Eq. (29) can be treated as a quadratic in MD

2 . By

Fig. 4 Behavior of the Sagdeev
potential V(ϕ) against ϕ (upper
panel) and the corresponding
soliton profile (lower panel) for
different values of positive ion
streaming υ+o such that υ+o=0.02
(solid line), = 0.022 (dotted line),
and = 0.025 (bold line). Other
physical parameters used are
μ=0.012, δ+=0.2, δ−=0.1, β=0.5,
υ−o=0.01, and M=0.1
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considering M=Ms at
∂2V Mð Þ
∂ϕ2 ¼ 0, we then get the following

relation

M 2 > M2
s ¼ υ0 þ b

2a
1þ 1−

4ac

b2

� �1
2

" #
ð30Þ

where a=μ(β−1), b=3μ(β−1)(δ++δ−)−μ and c=9μ(β−
1)δ+δ−−3δ−−3(1−μ)δ+. Equation (30) gives the lower limit
for M in the presence of non-thermal electrons, which corre-
sponds to the true IA velocity in the given plasma model.

5 Results and Discussions

For numerical evaluation of the growth rates and real frequen-
cies ωR, we choose some typical parameters that are represen-
tative of some laboratory plasmas [2, 3]. ne≃107cm‐3, n±
≃(107−1010)cm‐3, Te∼2eV and T±∼(0.13−0.16)eV, μ=0.6,
β=1.18, δ+=0.3, δ−=0.2, and for some arbitrary values of

υ±o. Using these parameters, we solved Eqs. (13–19) numer-
ically and examined the effects of ions streaming and
nonthermality of electrons on ion acoustic waves.

Real frequency ωR and growth rate variations with k were
computationally analyzed from Eqs. (18–19) for various
values of plasma parameters. Figure 2a shows the dispersion
relation (18) for negative ions streaming. The plot is drawn
for the root of ωR as a function of wave vector k for different
values of υ−o. It shows that for increasing values of υ−o, the
real frequency ωR decreases with decreasing trend against k.
While on the other hand, growth rate increases for increas-
ing values of υ−o as shown in Fig. 2b. Which means that
due to streams of ions, the ion acoustic waves grow expo-
nentially and causes instability. Figure 3 indicates variation
of growth rate as a function of k, for different values of
nonthermality of electrons β. It shows the growth rate γ
decreases with increased values of β. It predicts that
nonthermality is stabilizing the given mode in the system.

Fig. 5 Behavior of the Sagdeev
potential V(ϕ) against ϕ (upper
panel) and the corresponding
soliton profile against ξ (lower
panel) for different values of
negative ion streaming υ_o such
that υ_o=0.01 (solid line), = 0.005
(dotted line), and = 0.018 (bold
line). All the other parameters are
the same as in Fig. 4 with υ_o=
0.02
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Now to examine the existence regions and nature of IA soli-
tarywaves excitationwith streamingmotion of ions in PI plasma,
the numerical solutions of Eqs. (26–27) have been analyzed
using the above-mentioned typical plasma parameters. The ef-
fects of ions streaming (υ±o), ions temperature (δ±),
nonthermality (β), and concentration of electrons on the behavior
of IA solitary waves are displayed in Figs. 4, 5, and 6. These
results shows that our present plasma model gives the compres-
sive soliton.

The Sagdeev potential curves and the corresponding solitary
wave profiles for different values of positive ion streaming υ+o
are plotted in Fig. 4. It is observed from the upper panel of
Fig. 4 that increased values of υ+o increases the depth of the
Sagdeev potential on the positive ϕ−axis. The corresponding
solitary waves with higher amplitude with respect to υ+o is
shown in the lower panel of Fig. 4. It means that the positive
ion streaming is playing the role of energizing the soliton pro-
file. While on the other hand, the negative ion streaming is de-

energizing the soliton profile, with decreased Sagdeev potential
well andwith lower soliton amplitude as shown in Fig. 5 (upper
and lower panel respectively). Streaming of ions are the sources
of free energy but the negative ion streaming is like the sink for
soliton formation in order to make the system conservative.

The Sagdeev potential curves and the corresponding solitary
wave profiles for various values of nonthermality of electrons β
are drawn in Fig. 6. It is found from the upper panel of Fig. 6
that the profile depth of the Sagdeev potential decreases with β
on the positive ϕ−axis. The corresponding solitary waves with
lower amplitude with increased values of β are shown in the
lower panel of Fig. 6. This entails that the nonthermality of
electrons is de-energizing the soliton, in the presence of stream-
ing ions. But the effect of deactivation is not that much signif-
icant for given β values, as obvious from the figure.

The increased value of electron concentration (μ) decreases
the depth of Sagdeev potential and correspondingly enhances
the amplitude of solitary waves. This is respectively shown in

Fig. 6 Sagdeev potential V(ϕ)
(upper panel) as a function of
electrostatic potential ϕ (lower
panel) and the corresponding
soliton profile as a function of ξ
(lower panel) for various values
of nonthermality of electrons β,
such that β=0.5 (solid line), = 1.5
(dotted line), and = 3 (bold line).
All the other parameters are the
same as in Figs. 4 and 5

640 Braz J Phys (2015) 45:633–642



the upper and lower panel of Fig. 7. The increased value of μ
raises electron thermal energy. Since ion acoustic waves are
pressure-driven waves, so the higher values of electron ther-
mal energy will definitely increase the height and will de-
crease the width of solitons.

6 Conclusion

To summarize, the results show how an increase in free energy
of the plasma which is given by the stream of the beams of
ions leads to perturbations. Due to these beams, perturbations
waves are growing and instabilities called streaming instabil-
ities occur. We have studied the positive and negative ions
streamings in PI plasmas in the presence of non-thermal elec-
trons. From these streaming instabilities, the knowledge of
growth rates has been presented here. The motion of the pos-
itive ion beam is the source of free energy, if it is not supported
continuously, the instability quenches itself after the beam has

slowed down to certain threshold which is determined by the
background particles. We have studied the growth rates as a
function of wave vector, and as the growth rates increase the
instabilities enhance otherwise damping of wave occurs. It has
been shown that growth rate decreases with β.

We have also studied the effects of ions streaming (υ±o),
ions temperature (δ±), nonthermality (β), and concentration of
electrons on the behavior of IA solitary waves in PI-electron
plasma. The electrons are assumed to follow a distribution
with a population of fast particles [27, 28]. The solitary waves
exist because of the counterbalance between nonlinearity in-
duced due to the streaming motion and the dispersion due to
the temperature effects. Using pseudo-potential approach, we
have derived an energy integral equation involving Sagdeev
potential. The presence of the streaming term in the energy
integral equation affects the structure of the solitary waves
significantly. It has been shown that positive and negative ions
streamings are acting opposite to each other on soliton profile.
Also, it has been observed that nonthermality of electrons is

Fig. 7 Effect of electron
concentration (μ) on Sagdeev
potential (upper panel) and
soliton (lower panel) such that
μ=0.01 (solid line), = 0.015
(dotted line), and = 0.02 (bold
line). All the other parameters are
the same as in Figs. 4 and 5
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de-energizing the soliton. In the present case, our analysis has
shown compressive soliton, where positive ions play a domi-
nating role in its formation. Our present results should be
useful in understanding the wave phenomena and associated
nonlinear electrostatic structures in the laboratory pair ion
electron plasmas.

References

1. E.P. Liang, S.C. Wilks, M. Tabak, Phys. Rev. Lett. 81, 4887 (1998)
2. W. Oohara, R. Hatakeyama, Phys. Rev. Lett. 91, 205005 (2003)
3. W. Oohara, Y. Kawabara, R. Hatakeyama, Phys.Rev. E 75, 056403

(2007)
4. W. Oohara, R. Hatakeyama, Phys. Rev. Lett. 95, 175003 (2005)
5. J. Hedin, M. Rapp, J. Gumbel, I. Strelnikova, M. Friedrich, F.J.

Lubken, Geophys. Res. Lett. 32, 123821 (2005)
6. R. Saeed, A. Mushtaq, Phys. Plasmas 16, 032307 (2009)
7. B. Zhao, J. Zheng, Phys. Plasmas 15, 082314 (2008)
8. A. Mushtaq, M. Nasir Khattak, Z. Ahmad, A. Qamar, Phys.

Plasmas 19, 042304 (2012)
9. G.R. Magelssen, D.F. Smith, Sol. Phys. 55, 211 (1977)

10. J.B. Zirker, O. Engvold, S.F. Martin, Nature 396, 440 (1998)

11. E. Fermi, Phys. Rev. 75, 1169 (1949)
12. D.N. Gupta, K.P. Singh, A.K. Sharma, N.K. Jaiman, Phys. Plasmas

11, 5250 (2004)
13. S. Kumar, H.K. Malik, Phys. Scr. 74, 304 (2006)
14. T. Obayashi, Space Sci. Rev. 3, 79 (1963)
15. E.A. Jackson, Phys. Fluids 3, 786 (1960)
16. N.A. Krall, A.W. Trivelpiece, Principles of Plasma Physics

(McGraw-Hill, New York, 1973)
17. O. Buneman, Phys. Rev. 115, 503 (1959)
18. D.B. Melrose, Instabilities in Space and Laboratory Plasmas

(Cambridge University Press, New York, 1986)
19. V. Lapureta, E. Ahedo, Phys. Plasmas 9, 5 (2002)
20. Y. Nakamura, I. Tsukabayashi, Phys. Rev. Lett. 52, 2356 (1984)
21. Y. Nakamura, I. Tsukabayashi, J. Plasma Phys. 34, 401 (1985)
22. H. Saleem, P.K. Shukla, B. Eliasson, Phys. Scr. 77, 015503 (2008)
23. B. Sahu, R. Roychoudhury, Phys. Plasmas 12, 052106 (2005)
24. F. Verheest, M.A. Hellberg, I. Kourakis, Phys. Plasmas 15, 112309

(2008)
25. S.S. Ghosh, K.K. Ghosh, A.N.S. Lyengar, Phys. Plasmas 3, 3939

(1998)
26. T.K. Baluku,M.A. Hellberg, I. Kourakis, N.S. Saini, Phys. Plasmas

17, 053702 (2010)
27. R.A. Cairns, A.A. Mamun, R. Bingham, R. Bostrom, R.O. Dendy,

C.M.C. Nairn, P.K. Shukla, Geophys. Res. Lett. 22, 2709 (1995)
28. R.A. Cairns, R. Bingham, R.O. Dendy, C.M.C. Nairn, P.K. Shukla,

A.A. Mamun, J. Phys. IV 5, C6–43 (1995)

642 Braz J Phys (2015) 45:633–642


