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Electron acoustic solitary waves (EASWs) are studied using Sagdeev’s pseoudopotential technigue
for a plasma comprising relativistic ions, cold relativistic electrons, and nonthermal hot electrons.
The parametrc range considered here is valid for the auroral zone. It is found that the present
plasma model supports EASWs having negative potential. 1t is seen that the relativistic effect
significantly restricts the region of existence for solitary waves. The region of existence of solitary
waves also depends crucially on e, the pammeter that determines the population of the energetic
nonthermal electrons. For example, for e=0.18 with the soliton velocity 1.05 and 1, /c=0001,
solitary wave solutions will not exist. We also find that for small values of «, solitary waves would

exist for V= 1.

l. INTRODUCTION

Electron acouslic waves can exist in a two-lemperaturs
icold and hot) electron plasma. They are high-frequency (in
comparison with the ion plasma frequency) electrostatic
modes' in plasmas where a “minority” of inertial cold elec-
trons oscillate against a dominant thermalized background of
inertialess hot electrons providing the necessary restorng
force.” The phase speed of the electron acoustic wave is
much larger than the themmal speeds of cold electrons and
ions, but is usually smaller than the thermal speed of the hot
electron component (in the case of isothermal electrons). The
electron acoustic solitary waves (EASWs) can also be gen-
erated by electron and laser beams. ™ Recently, a great deal
of interest has been shown in the studies on the propagation
of EASWs, not only because they are excited in space and
laboratory plasmas, but also because of their potential impor-
tance in interpreting electrostatic component of the broad-
band electrostatic noise [BEN) observed in the cusp region
of the terrestrial nmgnulusphcn:,“’ in the geomagnetic Lal,
in the dayside auroral acceleration region.™ ete. The propa-
eation of EASWSs in a plasma system has been studied by
sgveral investigalors in an  unmagnetized wo-eleciron
plusmuﬁ”"u as well as in magnetized plusmu.""”’ Energetic
electron distributions are observed in the different regions of
the magnetosphere. Cairns et al."" used nonthermal distribu-
tion of elecrons 1o study the lon-acoustic solitary structures
observed by the FREJA satellite. Very recently, Singh and
Lakhina'® studied EASWs with nonthermal distribution of
electrons. They showed that inclusion of nonthermal elec-
trons predicts negatively charged potential structures. How-
ever, relativistic effects cannot be neglected'” in the forma-
tion of solitary waves when the speed of particles is
comparable to that of light. For example, ions with very high
speed are frequently observed in the solar atmosphere and
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mnterplanetary space. High-energy won beams also occur in
the plasma sheet boundary layers of the Earth’s atmosphere
and in the Van Allen radiation belts.” Another case that may
be considered relativistic is the presence of cold electron
beams and associated BEN observed upstream of the Earth's
bow shock.'” The beam speeds can be of the order (0.15¢,
where ¢ is the speed of light. However, not much theoretical
work has been done for nonlinear propagation of EASWs in
relatvistic plasma. Mace et al.™ and Sah and Goswami™
studied EASWs n weak relatviste plasma. But in their
studies the distribution of hot electrons was taken 1w be
Maxwellian. In the present paper, the propagation of EASWs
in a relativistic {unmagnetized) plasma, consisting of relativ-
iste 1ons, cold relativistic electrons, and nonthermal hot
electrons 15 mvestgated. The parametric range considered
here is valid for the auroral zone. This study is of importance
because of the fact that high-speed electrons have an influ-
ence on the excitation of varous kinds of nonthermal waves
i interplanetary space and Earth's nmgnulmphun:.‘ub To
study EASWs with nonthermal diswibution of electrons in
relativistic plasma, Sagdeev’s™ pseudopotential approach
has been wsed. Here we study the relativistic effects on
EASWSs in an unmagnetized three-component plasma con-
sisting of nonthermal hot electrons, cold relativistic elec-
trons, and relativistic ions. Also the wle of «, the nonthermal
parameler, on the formation of EASWSs has been investigated
numerically. The organization of the paper is as follows. In
Sec. I the basic equations are given for electron acoustic
solitary waves. In Sec. 111 we denve Sagdeev’s pseudopoten-
tial. Section IV is kept for discussion and results, while Sec.
W is kept for the conclusion.

Il. BASIC EQUATIONS

We consider a homogencous, unmagnetized  three-
component plasma consisting of nonthermal hot electrons,
cold relativistic electrons, and melativistic wns. The basic sys-
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FIG. 1. Plaot of '.Et,f:*.,fu]."um against v/vy for different values of & [see

Eq. i6)]

tem of equations for one-dimensional propagation of nonlin-
car EAWSs can be wrillen as

an. o ;
— +—(nuv,)=0, 1
at rS'.rI: e (1)
J a an,.  dg
—(yu )+ u,—(yo)+3on—=—, 2
PRLEALPRE LR L s @
n el
— + —inp)=0, 3
ot + a0 )
i ; i 3o; dn; 1 deh
= +o,— )+ —n—=———, 4
rS'ft}r'uJJI " r?.rl:}w’} m; = ax my; o “)
F b )
2 =n,+n,—n,, (5)
where
(-2 o) e
= — T s f = — 7= s oM. =",

ey e RETTE T

T,-
o=

Ty

In the earlier equations, the suffixes ¢ and i correspond
to cold electrons and ions, respectively. The densities are
nomalized o the total wnperwrbed density ng=ng +ng,
=ny;, velociies o the thermal velocity of hot electrons,
typ= v Tpfm,. and the potental to T/ e. Time and space van-
ables are normalized, respectively, Lo the inverse of electron
plasma frequency w”'=vm /dwnge” and the hot electron
Debye length hy, =T,/ 47mge’, respectively. As electrons
are assumed o be nonthermally distnbuted, o model the
electron distibution with a population of fast particles we
choose the distnbution function after Cairns et m’.,”
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where rg, 15 the hot electron density, vy, 15 the thermal speed
of the hot electrons, and o is a parameter that determines the
population of energetic nonthermal electrons. o essentially
measures the deviation of fiy,(v) given in (6) from the Max-
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FIG. 2. Plot of g gf) vs ¢ for different values of vp /. The other parumeters

7 7
ar np.=035  ng=065 V=105, rr,:ﬁ:ﬂ].ﬁ]l:rr;:ﬁ. a=0.1,
v o= 00001, = 1836,

wellian case. In Fig. 1, filv)/ngy, is plotted to show how the
Gaussian form is deformed when e+ (0. The distribution of
electrons in the presence of nonzero potential can be found
by replacing ul.-’ufh by ulfufh—zqﬁ. Thus integration over the
resulting distribution function gives the following expression
for the hot electron density:

n,=ng (1 — B+ B lexplP).
(7)

dir

where 8= 75-.

It is clear that (7) expresses the isothermally distributed elec-
trons when B=0 iie., a=0).

lll. PSEUDOPOTENTIAL APPROACH

To obtain a traveling wave solution, we make all the
dependent variables depend on a single independent variable

=
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FIG. 3. Plot of ¢ against £ for different values of v oo, where V=1.1, other
parameters being the same as those in Fig, 2.
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FIG. 5. Plot of éda) vs ¢ for different values of V, the soliton velocity

thase in Fig. 2.
where p fo=0001 and the other parameters being the same as those in

E=x—Vr, where V is the velocity of a solitary wave. Now Eig 2.
Eqgs. (1)—(4) can be writlen as i
_ye, |: )=0, (8)
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The integration of the above equations yield the follow-
ing:
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In deriving Eq. (18), the following boundary conditions

In derving Egs. (12)-(15), we have used the following-
WLFL wsed: n,—ny,., n;— 1, v, — vy, v,—ty, ¢—0, and

boundary condiions: v, — vge. B, —Rge. U;— Uy #;— 1, and

@—0as f—+m,
To obtain the pseudopotential ¥f ), we notice that Eg
_l'E —0 at £—xm,

i5) can be expressed as
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FIG. 6. Plot of ¢ against £ for different values of V, where g /e =001 and
other parameters heing the same as in Fig. 2.

Now from (13) we get a sixth degree equation in v,.
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FIG. 7. Plot af ¢ gh) va ¢ for different values of @, the nonthermal pamm-
eter, where V=1.1 and the other purometers being the same as those in
Fig. 5.
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Exact analytical solution of this equation is not possible. ve=u,+ Fs (19)
However, one can oblain p, keeping terms up to Q{1 /¢?) for
the weakly relativistic case, where
|
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and For solitary wave solutions, the following conditions
must be satisfied:
uij- v Ve,
ca=——Vu ;
g N i — V)P
F 4 =), = ={), and —_— =<0,
I:Ua'a.l_v}[.l “|+U +VUI:?1 qui:u} Mq&j (r;'qfl‘ ) I 2 ra

=

i 5 .
2( 22, 2:-3) —4(p, — V)
M

1

Equations (18)=(20) are the m-

and ¢{eh) =<0 for & lying between 0 and o
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FIG. 8. Plot of gfc) vs ¢ for differemt values of o, cold w0 hot electran
temperature ratio, where V= 1.1 and the other parameters being the same as
thase in Fig. 5.

IV. RESULTS AND DISCUSSION

Here we have considered the problem of propagation of
electron acoustic solitary waves in an unmagnetized colli-
sionless plasma consisting of nonthermal hot electrons, cold
relativistic  electrons, and  relativistic  1ons. The  exact
Sagdeev’s pseudopotential ¢ ¢d) has been derived for this
problem taking into account the relativistic effect. We have
seen that when drift velocity vy, —0, vy — 0, and relativistic
parameters ¥ — 1 and p— 1, our mesults completely agree
with the result of Singh and Lakhina.'® The typical param-
elers considered here for numencal evaluation are as follows:
cold electron density, ng =035, hot electron density,
Agp=10.65, cold o hot electron  lemperature  ratio,
0,= :—-;qtﬂ.ﬂ'l ==:TJ#:~—; and ae=0.1, m;= 1836 In Fig. 2, i) is
plotted against ¢ for different values of vy, /e, 1t is seen that
the amplitude of the solitary waves gradoally decreases with
the increase of pg /o, It is also seen that when py, /o crosses
a certain limit, the soliton ceases to exist. This upper limit
depends of course on other parameters. However, this limit is
always small for the weak relativistic hypothesis 1o be valid.
In Fig. 3, the solitary wave solutions are plotted for this case.
For very small values of o, solitary waves exist for V=1,
which is shown in Fig. 4, and in some cases for V=1, de-
pending on the other parameters. However, when a is not oo
small, solitary waves would exist for V= 1, which is shown
in Fig. 5. This implies that the range of soliton velocity for
which solitary wave solutions can exist gets modified when
nonthermal electron distribution is considered. This finding
is consistent with the one obtained in the case of nonrelativ-
istic plasma. In Fig. 6 we plat the solitary wave solution for
different values of V. Figure 7 depicts the plot of gdd) vs &
for different values of a, the parameter for nonthermal elec-
trons. Here it is observed that the amplitude of solitary waves
decreases with an increase of o and there exists an upper

limit of a, beyond which the soliton solutions are not found
in the presence of the relativistic effect. It may be mentioned
that inclusion of cold electrons influences the amplitude of
solitary waves as observed by Singh and Lakhina." Figure 8
shows the vadation of pseudopotential ¢ ¢b) with normalized
polential ¢, for several values of .. It is observed that the
amplitude of solitary waves decreases with an increase of o,
and there is a critical value of o, (in the present case it is
0.25) beyond which a solitary structure will not exist.

V. CONCLUSION

In this paper, we have studied the problem of one-
dimensional electron acoustic solitons in relativistic plasma
composed of relatvistic ions, cold relativistic electrons, and
nonthermal hot electrons. Sagdeev’s pseoudopotential  ap-
proach has been vsed to find exact large-amplitude solitary
wave solulions. An exact pseudopotential has been derived in
the presence of the relativistic effect and has been studied
numerically for the effect of parameters like vy, V, o, and o,
on the existence of solitons. The parametde range taken here
is valid for the auroral zone. It is seen that both the relativ-
istic effect and the nonthermality of the electron significantly
modifies the region of EASWs. For a, not too small solitary
waves can exist for V=1, The results obtained here may be
useful in understanding the features of EASWSs in space and
laboratory plasma.
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