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Abstract: Theoretical investigations for generation of rogue waweglasma system have been done; We studied the behavior of the
nonlinear rogue waves in Jupiter as result of interactiosti@aming relativistic electron beam with three compaosehisty plasma
composed of positive dust grains, as well as Maxwelliantedes and positive ions. The most typical nonlinear equatiiodescribe

the propagation of rogue wave is the nonlinear Schroderggeat®n so it has been calculated. The interaction of aivedtit electron
beam with the plasma system can introduce new modes andilitgta
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1 Introduction that the beam not only amplifies waves in the plasma but
also provides for effective absorption of these waves by

. _— . the plasma16]. Results have demonstrated that random
The number of theoretical publications devoted to various, J <o otions of energy, induced by the linear dispersive

Colle'ctive processes in eleptron—dust plasma. ir}teractio%ixing of different harmonics, can grow significantly due
has increased enormously in recent years. This interest 13 modulation instability 171, they have numerically

primarily due to the fact that such plasma is typical rathercalculated chaotic waves of the focusing nonlinear

than exceptional in astrophysical conditions. RecentSchrodinger equation (NLSE), starting with a plane wave
research has demonstrated that extreme waves, wav

i . $odulated by relatively weak random waves, they show
with crest to trough heights of 20 to 30 metei$-[10. hat the peaks with highest amplitude of the resulting
the nature of the rogue wave problem from the genera

viewpoint based on the wave process ideas, briefly o composition (rogue waves) can be described in
ewp . proce » ONeYerms of exact solutions of the NLSE in the form of the
discuss the generality of the physical mechanisms

suggested for the rogue wave explanation; which are vali olision{18]. a method for finding the hierarchy of

for rogue wave phenomena in other media such as soli ational solutions of the self-focusing nonlinear
9 P . .%chr'c')dinger equation and present explicit forms for these
matters, superconductors, plasmas and nonlinear optic

[11]. Interaction of electron beam with plasma may be Solutions from first to fourth order are presented, they
: X o P . y explain their relation to the highest amplitude part of a
used for various purposes; it present a great interest fofield that starts with a plane wave perturbed by random
develop'ment of new methqu in ampln‘lcatlon. andFmall amplitude radiation waves, They conclude that the
generation of electromagnetic waves, acceleration o

charged particles in plasma, confinement and heatinippearance of rogue waves in the deep ocean can be

lasma so the electron beam being a source of free enezrgtfp"e‘j o the observation of rogue light pulse waves in
P ; - 9 : . ptical fiber§19]. They numerically investigate dispersive
that can excite oscillations, many studies aimed at the

employment of these beam to heat plasma up toperturbations of the nonlinear Schrodinger (NLS)
thermonuclear temperatures “10ev, the instability equation 0. It is known that the astrophysical dusty

. . . . plasmas are presented in our solar system and in the
resulting from the interaction of charged particle beaminterstellar environments such as in cometary tails,

with plasma is one of the very common and at presen : : : :
. : teroid zon lanetary rings, interstellar mediumetow
best known instabilities12-[15). Lacina.J. et al. states tas eroid zones, planetary rings, interstellar mediumeto
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part of the earth’s ionosphere, and magnetospherstreaming electrons and ions respectively, is the
[21]-[23]. Indeed, rogue waves have been studied in manyelectrostatic potential. The densitiag,n; and necare
different systems including nonlinear fiber optic]. normalized byngoz4o andng is normalized byngg .
Parametrically driven capillary wave2]. Bose-Einstein  The space coordinateand timet are normalized by the
condensates?[/]. The effect of ion temperature and ion
streaming velocity on the modulation of ion —acoustic

waves studied aB[]. frequencyw = (Mn;‘ﬁ)_l/z, while the velocities and
In this work, it is assumed that the streaming relativistic the electrostatic potentialp are normalized by the
electrons interact with the solar wind of the Jupiter . ZaoTert 1 1/2 Tot
magnetosphere that contains unmagnetized collisionlesdust-acoustic speedCq = (—7=) , and —,
positive dust grains of, as well as Maxwellian distribution respectively. Alsoub:%, Ob = To/Teff, & = n;‘og%o,
electron and ion. Therefore, it would be interesting to& "5 = o _ Tt \where Tur is the
examine heating plasma and different plasma parameters,  NdoZdo’ haoZeo” S = T &b )
such as dust-acoustic speed and streaming densities, fd€ctron , electron beam temperafurg, is the ion
test the existence region of the dust acoustic rogue wave§mperature, andTest=ngoZgo[7> + =2] is effective
and the rogue waves profile. For this purpose, we focugemperatureZqo is the dust grain charge number.

our attention on the specific balancing between the group

dispersion and the nonlinear effect to understand these

giant waves in more details and being able to predict theif3 Derivative of the KDV Equation

occurrence. The basic equation and system of calculation

in [24]-[30] for helping in investigation of our system are We introdu_ce thg following stretche_d space-time variable.s
used. in order to investigate the propagation of the dust-acousti

conidial waves (DACWSs), and we employ the reductive
perturbation method. According to this method,

1/2
Debye lengthy = (m;#) / and the dusty plasma

2 Basic Equations

{ = eY?(x—Vt) andt = £%/% 7)
The normalized basic fluid equations of the dynamics dusiyheres < 1 andV is the dust acoustic phase speed. The
grains are given by, physical quantities appearing in equatiohs(6) obey the
P P function; ¥ = [ng,uq, Ny, Up, Ni, Ne, ¢] and expanded as
% (r;dud) -0 (1)  apower series ig about their equilibrium values as;
t X ’
Q2 9 @ voHr e @
ot 9ox ot = y
The relativistic electron beam fluid equations are Where ¥ = [ngj,Uqj, ”bjaMUbJa nij, Nej, ¢;]° and
%: [1507 yba ub0j7 ﬂa ye, 0] .
Iy 9(Mplp) _ (3  The lowest- order ine by substituting 7), (8) into
ot X ’ equations.X)- (6) gives;
0 d Aup ¢ _ 2., _ —(V — Uno) o
9 w2 b 9v _ 4 Ng1 = ¢1/V<,Ugr = ¢1/V,Upy = ;
(dt tib dx)yub 3075+ o =0, “) Vi(V — Upo)® — 352 U0
2 _
The relativistic factoy = (1 — u—gz—)*l/z Npy = —folb_____ ¢, nj = —3i5¢, and
As in ref [30], the relativistic factor can be approximated MV ~Ub0)" =31 %
by its expansion up to the second term because of the Ne = JeSed; 9)
2
weakly relativistic effect, i.ey ~ 1+ uzbc—z . . _ 30, _ 3
The Maxwellian ions and electrons are expressed,WhIIe asin [30] y =1+ =g, andy, = =%

At our work we suppose weakly relativistic electron beam

respectively, as ) . .
P 4 and so neglecty,, The Poisson equation gives the

Nie= & ceXP—S.ed), (5)  compatibility condition;
Equations {)-(5) are closed by Poisson equation 0%¢1 7 bHp 5
1
92¢ 0% (V- upo)® —3A M0y
oxz MO TNENO T =0, (0) +91/V2 56y 82— 187 =0, (10)

Where; np,Up,Ng, , Ug, Ni, Ui, Neand ue are the number Solving (10) gives the values df, that will be used in our
densities and velocity of the electron beam, dust grainsnumerical analysis. If we consider the next-ordegjiwe
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obtain a system of equation in the second-order perturbed@he new spatial and temporal coordinates,T) are
guantities. Solving the system, we finally obtain mKDV stretched as

equation;

d¢1 0¢1 | 0301
G HAbLGE BT =0, (11)

WhereA andB are given by;

g=30avV — Ubo) *H6235° + & 30 2

) +3/VA15267 - 2526,

A= e ),
(VYL (V = Upo) — 3=7bzub0b)3 2 )
-3 vV — 2 2

(VYL (V — Upo) — 38° IJbUb)Z

X =¢&({ —VgTr)and
X =g

Where k is the carrier wavenumber and is the

frequency for the given dust- acoustic waves ¥gds the

group velocity of the envelope wavepaket. Assume that
all perturbed states depend on the fast scales via the phase
(¢ —Vgt) only, wile the slow scalegX,T)enter the
arguments of thdth harmonic amplitudegy ,. Since
$1({, T) must be real, the coefficient in equatiobd)
have to satisfy the conditiog, , = ¢1,," , where the

(15)

The propagation of positive and negative pulse depends oasterisk stands for the complex conjugate.

the sign of the coefficient of the nonlinear tefin KDV,

The derivative operators appearing in equatid8) (

also the relativistic of electron beam more affect on thePecome

propagation pulse, equatiohl) i.e;

if A> 0, the pulse are positive
if A<O, the pulsesare negative
if A= 0the KDV equation break down

9.9 6% ad o9 oyl 20
a  al " “oxX ot 9t 99X T
(16)

From the first order approximatign = 1) with (I = 1) by

And the KDV equation breakdown if the electron using equationsl@)-(16) into equation13), we obtain the

concentration reaches to critical values, Ao= 0 at

Oe = e

linear dispersion relation

To investigate the rogue waves, transformation of the w=—Ck°, a7)
KDV equation to the nonlinear Schrodinger equation

(NLSE) should be done. However, the NLSE that derivedFor the first harmonic of the second- order approximation

from the KDV equation may not support the existence of (n=2) and(l = 1), we calculate the group velocity as
rogue wave. And then the general method of the reductive
perturbation theory introduce the modified stretched Vg = —3CK3, (18)

variables defined by

{ =¢e(x—Vt)
T=2¢%
using the stretching (12) along with the expansi@nirito
the basic equations.1)- (6), after some algebraic

manipulations, we finally obtain the modified
Korteweg-de Vries (mKDV) equation as

(12)

d¢1 2001 0%
—+C —+B——%=0 13
o TG0 7 T8z =0 (13)
Where
c— B( lS(m(V *Ubo))4ﬂb3502 +90y1<V *UbO) 2=7b4ﬂb4ab +275b6 Hh50'b2)

_ 5
2(V1 (V — Ubo) 2_ 357b2}1b0'b)

1321 2
6 1 1.
IS/ s 6 — 2288,

Now, it is interesting to transform the mKDV equatidl8{

And then the third- order approximatiofn = 3) and
solving for first harmonic equatiofl = 1), and explicit
compatibility condition will be found , from which we
can easily obtain the nonlinear Schrodinger equation
NLSE as )

.00 00 2
Where 0= ¢y, ,, (I =1), (n=3). and the coefficien®
andQ are given by

P = —-3BkandQ = —Ck (20)

It is interesting to mention here that since the stretching
variables 7) cannot describe the wave propagation at
A = 0. we used instead of it the stretched variablE3 (
So , we used equationl?) to obtain new evolution
equation 13) that is valid for describing the plasma
system atA = 0. Both equations1(), (13) have spatial

to NLSE to describe the behavior of the weakly nonlinearand temporal coordinate$ and 1 respectively. In this

wave packet that gives rise to rogue wave propagation.
So we expan@ as in ref. g

[ee]

n@ =3 3 bua(XT) epil( — o)
T (14)

frame of study, the wave can propagate with group
velocity V. On the other hand when we transform
equations 11) and (@3) into equation 19) then the new
wave packet propagate with group velowijy In this
case, we have two different time scales; the first one is for
fast time scal& andt with phase velocity which is for

the carrier wave. The second time scale is for the slow
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time scaleX andT with group velocitygwhich is for the 4 Conclusion
envelop wave packet. Therefore, eachVofand Vy has
different physical meaning and they describe twoWe have investigated the behavior of the nonlinear rogue
different time scales. It is leads to point out that equationwaves as a result of interaction of relativistic streaming
(12) and (3) admit solution, which could be of interest if electron beam with it, is assumed that the streaming
we are interesting in the central region of the envelope. Itrelativistic electrons interact with the solar wind of the
is straightforward to see that a negative signRgQ is  Jupiter magnetosphere that contains unmagnetized
required for wave amplitude modulation stability. On the collisionless positive dust grains, as well as Maxwellian
other hand, a positive sign &f/Q allows for the random  distribution electron and ions. It is found that at certain
perturbations to grow and thus the rogue wave could begyarameters of dust- acoustic speed, streaming densities of
created. electron beam, and temperature ratio, the relativistic
The character of the dynamic wave depends on the sign oéffect of streaming electron beam, the perturbations could
the ratio of§ = 3/C this sign refers to the stability so far lead to the occurrence of rogue waves. The dust-acoustic
of the system i.e. phase speed, the temperature ratio, and the relativistic
b streaming practices number densities of electron beam
wheng >0, The unstable envelope pulses propagpte play a significant role in deciding how much energy could
wheng < 0, the stable envelope pulses exist concentrate in the rogue waves.
if C< 0 the waves become stable
if C > 0 the waves become unstable

The NLSE equation 19) has a rational solution that Acknowledgement
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