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The Characteristics of Ion-Acoustic Solitons in
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Abstract — M dhis puper. the propagation of lon-aeoustic waves in electron-positron-ion
magmetized plasmas is uvnaghzed. numerically. The effect of positron density on e amplitede of
fon-guonstic waves Is alic Studied Corresponding fu o fived rasiiran deasing, i 5 showse that the
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Nomenclature

@ The electrostatic potential.

el The ien gyrofrequency.

@, =—

Y ome

v, The ion fluid veloeity.

¢ The magnitude of the ¢lectron charge.

m, The mass of the jon.

n, The perturbed density.

LR The unperurbed density of o species,
where @ = e psiands for electrons and
positrons respectively.

I, [ ?'PJ The eleciron (pesitron) lemperature.,

M The constant speed of the |ocalized

nenlinear struc-turc in the moving frame.
The direction cosines along the x and z-
axis, respeclively.

L

The basie natural modes of magnetized plasmas such
as those that occur in melecular clouds, cometary's
plasmas and stellar atom-spheres are of great interest.
The lincar approximation to these waves breaks down at
large  ampliludes where nonlinear effects become
important in their propagation, One such large amplitude
Wwave 1s a magnelo-acoustic wave, which modifies the
background magretic field in an oscillatory fashion, and
so can he considered as a pump wave that drives olher
waves nonlinearly. Such large amplitude pump waves
may oceur in conditions such as seen in solar and space
plasmas. For example, solar shock waves can sct up large
amplitude standing magneto-acoustic waves in coronal
loops or magnetic flus tubes [L]. lon acoustic waves
propagating in plasma are nearly similar to ordinary
sound waves in newral gas they are longimdingl waves
consisting of compressions and rarefactions progressing

Introduction
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in the medium. The rele of jons is the same of neutral
atorms i ordinary spund waves, A difference is that,
unlike sound waves, ton AcOUStic waves can alsg
propagate in cellision less medium, because the charged
ions nderact a1 long Hstances viz their electrumagnetic
field. The nunlinear siruciures in magnetized eleciron-
posilron-ion plasmas have also been investigated [1)-
[11]. The aim of this paper is to study the characicristics
of dom-acoustic  selitons  in electronspositron-ion
magnetized plasma. This paper is organized as follows
details of the governing equations for nonlinear ion-
AOUStic waves in electron-positron-ion  magnetized
plasma are staied in section 2hn section 3, the conditions
for existence of localived sotutions are presented and
finally the resuils are discussed in scctions 4.,

We consider three component electron-positron-ion
{e-p-i} plasma in the presence of a static and uniform

Formulation

magnetic ficld B=RE. The phase velucity of the ion

acoustic wave is assumed to be much larger than the jon
lhermal veloeity and much less than the electron and
ie

positron  thermal  velocities,

r
{where v, = L
;

m
A
species while j = ¢, p i), Thercfore the set of equations
for cold fluid ions are the ion continuity equation:

W
¥, <<? == 'I-'M,V‘J,J

=1

is the thermal speed of the jih

v (nE)=0

=4 Sy

and the jon momentum equation:

H . —eo =
Er+(va)v' = ;vg’ +a,Vox

)

{2}
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the two terms in the Ths of the above equation are
eloctric force, F ek . and magnetic foree, Foevs B,
respectively. If we consider the electrostatic potential as
a periurbation, the hot electrons and positrons densities
follow the Roltznann distibutiens:

(20
n, — R, EXp —
L LT

L]

{3
ol )
T,
Equilibrium requires:
" oAn, =, 19

and for the perturbed densitics. the gquasi-nentrality is
defined as:
normL = (5

11]. The Condition for Existence of
Solitonic Solutions
Let us consider the two-dimensional perturbation in

the xz-plane. To obiain the solitonic solutions for the
abave equations, we introduce a moving ceordinale as:

;:K_(I+K:2—Mr {6)

Sowehave K2 + K7 =1

We assume that all the variables depend on & snd M.
¥rom the quasi-nggrality condition, we ohtam the ion
number density (21

ny=——{n, ~ "} )

f, Ao
where @ ==&, p=——, and n =n’n, {where

7 H T

I .
j=e,pi } Note that the above eguation holds for
{o< pel)ing-p-i plasmas. By changing the variable £
in the equations (1). (2} and using equations (7} and (8)
and then inlegrating. we obtain:

e {L’iu- Py
1

4’ Z{n‘ - prr;”)

1-p

M 1-p Ml

+Lan, =-—1—-£H"—;§%:~“—)-

®

Here, ¢ =nd M notmalized by g, ané e,

12
respectively, where ¢, =[-}} is the ion-sound speed

(]
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: . S
in two-component cleciron-ion plasma and g, == is

il

the ion Larmor radius at electron lemperature. We have

M . ;
also defined Af , = — . [n order to find localized salution
¢

we have uscd the boundary conditions; a, 1 as wel!

a1
[ENN

el

on,
i

inroducing w as:

as —» and

l re gt £ xm. By
=1

g =1

r

M- pY
BT »
2(n, - pr®)

and multiplying both sides of equation (3} by % . wE

obtain 'the energy law':

- 1
1(2’21 vU(n. KM, p)=0 {10)

2\ 8¢
where the effective Sagdeey potential U reads as {ed.
(11

271
) v M= p) (14 par®”!
[J'(ﬂesK;»MwP}: ;____ﬂl__]_(__———}—

. {w - pnc” )3

r

v KE[H—E) 1+£

it ———a—T+-—a+(l—K:]fnn‘_+
2 aMIl-py 1-P

2
Kf(rr,-ﬁvgr‘r;’] 2 2
a b Mi(1-pY &

M- - o)

"+

112
! +._K‘(]+a) ( P —a]_ Ml

A-p MIg-p¥ a (n. - )
Kf(nﬂ] [n,+£n:")
s T 4(l-p) + K7 Lo

Mo  {n- )

Equation (10} is a well known equation in the form of

an oscillating particle of umit mass, with velocity
o, o . ;
—a—'and posiion  m, 0 A potential ~ well

Ul‘_n,.i\'_v.M".p] []2]-
The conditions comesponding to the &x istence of a
localized solution of equation (10} are:
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ae/
& =1l)=U{n =N)=— =0
(n=)=vln=1)=3|
i ‘ (2)
EH:' 4]
611;»_1

namely the polential must have a maximum at the paint
of n—N is a solution of cquation

i |_\'.K_,._'l:'¢.p)=0 which determines the maximum

n =1

amplitude #, of the soliten {as a functivn of M, pand
A_). The mext seclion is devoted to the results of
osumerical analysis of equation (10).

IV. Results

B e Solitonic Solutions

The profiles of the Sagdeev potentials for two cases,
namely (b p=045. K, =03 and Af_ =~00% and (i)
p=07, K, =07 and A, =+/0.05 are plotted in Figs.
1 and 2, respectively. Te obtain the electron density
hump n, (£) for the above two cases, we have solved
numerically equation (10} by founh-order Rung-Kutta
method [13]. In conclusion, a lucalized solution can be
found only in case (i} which 15 shown in Fig- 3. For case
(i1} the condition of equartion (12) is invalid. We have
found that our rcsults completely agree with those
cblained in reference [2].

[1H
nx
nE h
.
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wned |
e

e

By T
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Fig. 1. The profile of Sagdeev poaential 1 versus eleciyon dengity a1,
for p=05, K, =03 and M, ~ +f0.08

A3
The profile of the vanation of —
)

< I -1

for differem values of p. & and T =T, have been

against M

shown i Fige 4. 1t can bhe seen that by using the
condition (12) the speed of the soliton M, is restricted

w3, < |. Therefore, the only subsonic ion-acoustic
50} wons, propagale in magnetized e- p-i plasma,
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(1)

Fig. 2. The profile of Sagdecy polentsl U verius clecton density m,
for pe 7, L =07 and M, =+/005
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Fig 1 The peofile of ion-acoustic solitry wave a, versus & for
=05, K, =00 and M_ » 00R
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Fig 4. The yanation of

7 agpinst M, for p= 0.2,

K,=07andf =1,

Sirr FL
By plotling i {; and
2 I o

for different values

E]
e

m, =1
of p and K, we get the bounds on M. Note that the
range of M, is a consequence of the inequalities
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ijg ={ and il =0,
an‘ w, =] a”‘] =l
The results of these simrulation

forp=02.K,=07andT, =T, is presented in Figs. 4

and 5. Furthermore the bounds on Af, for various values

of p and X, are shown in Table I.
We have also verified these resulis by simulation of
the equation (10).

a3 I

s

-
1

v
Fig 5. The varsion of ~——- againsl M, for pa 01,
m’

K, s07aMT =T,

1 TABLE]
| BoiMDS Cri Al For Varous Warums OF K, . p
T n
sl e X, M,
T s
, 1 ¥ 07z 0571 M, <GS
' 1 G4 0z 0 456 Af Al 552
i 1 46 07 0349 M, <0394
1 e [ 0333 M, < 247

V.2, Effeci of the Variation of Differcnt
Paramerers on the Solitors

Fig. 6 displays the dependence of the Mach number
on the fractional number p for a fixed values of
K,=06 .n,=112and7, =7,.

We see that the existence of the jon-acoustic solitons
of such amplitude is possible for 3 <1. Furthermore.
for the cased, - 7. the solilons with the amplitude

n, =11 canexistanly if’ ps0.5, We see, the amplitude
n. =11 is the maximum possible one in a plasma with
pEUs and I, =7,

This figure shows that the speed of the soiitons of a
given amplitude decreases as the fractional number g2
increases,

Copyright © 2008 Preiie Worthy Prece Srl - Al nghior reserved
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on 4l

B
F
Fig 6. The dependencr of spead of the fon-acougtac salton & on the
frecticnal number g for & gven valucs of
K o-be.n Lland T =T

We have also scen from the numerical analysis that
the amplitude of on-acoushe wave due to the prosence
of positrons in the magnetized plasma, resulting from
small X, is decreasing and the amplitude of clectron
density  hump  increases  with the  concentration  of
pasitrons associated with the larger &, is increasing,
Besides, we note that the width of (on-acoustic selitons
decrease with an increase in the positrons concentration,
Figs. 7(a) and 7{b) depict change of a, for two cases
(3K, =02 M, =+005and (i)K_=06. M, = e
i different values of @ .

Fig. 8 displays the dependence of the electron density
on the fractional number 7 for a fixed values of X,

M, and T, =T, Obviously this profile shows that for
small &, Lhe ampliludes of solivons are drastically

reduced in the presence of significant fraction of the
positrons.

We have also plotted the electron density hump versus
K foragiven values p, M, and T, =7, The result is

shown in Fig. 9, We have fbund that the amplitude of the
solitons are rapidly reduced by increasing K, .

et LT ]
[t R LILE]
—— 41 w38

Fig. Tia} The clectron density hump a, versus. £ for K =102,
M= W15 and the different values of p
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Fig T(b) The electron density bump a, versus £ for K, =m0,
M, =04 and the diffecent values of p

al . ;

LA E R R A
P

Fig. §. The vaniation of electron density w, aganst £ for
K, =02 M, =V0ludT, =7,

Fig. 3. The vaniation of cloctron density moagains K, farg G,
M, = JRIadT =7,

uskl Bl 143

10 ol ai

L L "R S Y
B

Fig. 10. The electron density hurnp n_versus & far g = 0.1,

£, =001, M, =~00] and the differem values of e
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The variation of amplitude and width of solitons for
different values of 2 is shown in Fig. 10 for p=0.1,
K. =0Jand M, —0.01. It bs seen that the
amplitude and the width of the solitons increase with
increasing the value of & |

can

V. Conclusion

We have solved numericatly the nonlinear equations
of e-p-i plasma in the presence of a constant and uniform
magnctic field and obtained the localized solutions. Then
we have studicd some praperties of these solutions. It has
been found hat depending on the direction of
propagation. the increasing positron demsity in sume
cases decreases the amplitude of jon- acoustic wave
solitons, while increase in the mher cases, althaugh in the
unmagnetized e-p-i plasma the increasing positron
density reduces the wmpliude of ion-acoustic wave
solitans [ 4], Comparing 10 the rocent work, which has
been done in reference |2]. the present some difference
with our resulls. We have also showed that for fixed
ciectron donsity and propagation direction, the presence
of positron ¢an result reduce the speed of soliton.

Our main resull is that the speed of (he solitons of a
given propagation direction and positron density, is
limited 10 maximum and minimum values, Since the
propagatien of ien acoustic wave in plasmas plays
imporant role, we belicve that our resulis should be
useful in understanding the properties of localized waves
that may appear in varly universe, active galactic nuclei
and the pulsar magnelosphcres.
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