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Abstract

lon-acoustic double layers in a multicomponent dusty plasma consisting of two-
temperature nonisothermal electrons, negatively charged dust grains , warm positive
ions and positrons has been theoretically studied using pseudo-potential technique. The
study shows that the presence of both nonisothermal two-temperature electrons and
positrons have significant effects on the excitation and structure of ion-acoustic double
layers in the dusty plasma under consideration. Conditions for the existence of double
layers are obtained and the critical density of positrons being identified which has
significant role on the formation and nature of ion-acoustic double layers in the dusty
plasma. The profiles of double layers in the dusty plasma are drawn for different values
of the plasma parameters and their effects have been discussed. The importance of the
results in astrophysical plasma has been discussed.

Key Words: Double layers, dusty plasma, positrons, nonisothermal two-temperature
electrons.

Introduction

The double layers in plasma play a very important and fundamental role in astrophysical
phenomena [1,2]. In particular, double layers are responsible for accelerating particles in auroral region
of the ionosphere [3]. They may also have important roles in many cosmic sites including the solar
atmosphere[ 4,5], the magnetosphere of the Earth and of Jupiter [ 6]. In recent years, the study of
propagation of waves including double layers in electron-ion-positron plasma has received considerable
interest because of its important role in the understanding of the nonlinear wave features in the laboratory
and space plasmas[7-10]. It is believed that electron-positron plasma has its origin in the early stage of
universe [11-13] and this has important contribution on the physical processes in galactic nuclei [14],
pulsar magnetosphere [15], polar caps of neutron stars [16]. Studies on the ion on nonlinear propagation
of waves in a plasma consisting of electrons and positrons have been carried out by various authors [17-
21] and it has been found that positrons in the plasma have important roles on the phenomena in
astrophysical plasma. Moreover, the presence of charged dust particles in plasma has been found to be
important because it helps to understand various linear and nonlinear phenomena in cometary tails ,
planetary rings , asteroids , magnetosphere , lower ionosphere , interstellar and circumstellar clouds ,

laboratory devices etc. Propagation of dust-acoustic wave (DAW) has been studied theoretically by
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Rao et al [22], with the dust grains providing the inertia and the pressure of inertialess electrons and ions
providing the restoring force. In last few years, Several authors have theoretically and experimentally
studied solitary waves and double layers considering both dust acoustic and ion acoustic waves in
magnetized and unmagnetized plasma [23-27].

In the study of ion-acoustic waves and double layers in isothermal plasma one usually considers
Boltzmann distributed electrons. But, when the amplitude of wave is large , the electrons may be trapped
in the potential trough [28,29 ] . In fact such trapping can occur even for small amplitude ion acoustic
waves. These trapped electrons interact strongly with the wave during the evolution of the wave and it
cannot be treated on the same footing as the free electrons. The distributions of trapped electrons are
found during the condensation of dust grains in dusty plasmas. It is also worthy to mention that the
electrons in plasma may exist at two different temperatures [32].The presence of these two-temperature
electrons in plasma gives rise to many interesting characteristics in nonlinear propagation of waves
including the excitation of ion-acoustic solitary waves and double layers in plasma [33-38] . Considering
the effects of trapped electrons ,the nonlinear wave structures in dusty plasma have been studied by
several authors [39,40].

However, double layers in dusty plasma are less studied although is very much important in the
context of astrophysical plasma. So, in the present paper we are interested to study theoretically the ion
acoustic double layers in a dusty plasma consisting of warm ions, positrons, cold negatively charged
grains and nonisothermal two-temperature electrons. In Sec 2, the basic equations with some assumptions
are given for the dusty plasma. In Section 3, nonlinear equation is derived and its double layer solution
of ion-acoustic in plasma with positive ions, negative dust particles and two temperature nonisothermal
electrons. are obtained . In Sec.4, we analyze the results graphically for a dusty plasma having two
temperature nonisothermal electrons.

2. Basic Equations

We assume the plasma is unmagnetised, collisionless and consists of warm ions, positrons, non-
isothermal two- temperature electrons and cold dust grains. The dust grains have uniform mass and
behave like point charges. Moreover, we assume the charging of the dust particles is mainly caused by the
attachment of the ions and electrons to the dust grains via collisions. The effects of photo-ionization
radiation etc. for charging of the dust particles are neglected. Electrons because of their lighter mass and
faster motion are initially attached to the dust particles at a faster rate than the ions, as a result the dust
particles get negatively charged.

The non-dimensional equations which do

govern the dynamics of the ion and the dust

particles are:
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For the warm ions:

ot ox
Oy My 30, 00 0P,
ot ox (+y,Z,) ox ox
For the cold dust grains:
%+ o(n,u,) ~0 (3)
ot ox
0 0 Z, 0¢p
—tu, —)u, =(—)— 4
G =GO )
The Poisson equation is
82
83:20 =n,th,—n,—n,+ Zn, (5)

where, o,=T/T, , X =Nyo/n, where T, T

uoo My s My denote the ion temperature, effective

electron temperature, the equilibrium values of the background electron-density, the number-density of the

dust particles respectively at equilibrium state.. Z, is charge number in the dust particles. w, =m;, / m, , m;

and m, being the mass of the ion and dust particles. u; and u, are the velocities of ions and dust particles
respectively. n; , ng, ne, ne are the densities of ion, dust particles, hot electrons and cold electrons
respectively. @ is the electrostatic potential. In all these equations, the velocities are normalized by ( K3

T/ m; )2, K5 being the Boltzman constant.
The electron densities n, and 7, at low and high temperatures under non-isothermal conditions can be

assumed as [41]

1/2

T, T,
n, = ulexp(——g)erfcexp(——¢)
T, T,
1 Tf Tf 1/2
+——ex —L p)erfcex - (62)
\/E p(ﬁl T p)erfc p(ﬁl T )]

el el
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T 1/2
= V[eXp(T— p)erfc eXP( L p)
eh eh

(6b)

J%hexp(ﬂh co)erﬁrexp(ﬂhi 2]

eh eh

where, the effective temperature of the plasma Ty = Ty Ton / (1t Ton +V Ter), Bir = Ter /Terr, B =Ten /Tens

T.: and T, are the temperatures of trapped electrons in the low and high temperature groups of electrons.

4 and Vv are the equilibrium number density of low and high temperature electrons.

Expanding in ascending power of ¢ we obtain the electron densities at low and high temperatures as

Tef Tef 1/2
= ﬂ[eXP(T—' p)erfc eXp(T— ®)

el el

+57" eXp(ﬂlT—co)erfc eXp(ﬂl - L )?1(72)

el el

Po 4, Po.s» l &2
—V[1+Y S (- ) bh(Y)

where,

(1) B 52 1 ﬂ(o o (7b)
b, (- ) 6( v )+ ]

ﬁ :Tel/Teh

b _1=5 b _1=5 b<l>=1_ﬂ12 b(l)zl_ﬂhz
! \/; >%h \/; thd] \/; >%h \/;

Y =u+vp

The density of the positrons is given by

n,=x,exp(-o,p)

®)
Where,
X, =n,/ng=l1-ny,0,=T,/T,.
3. Nonlinear Equation and Double layer solution.
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For the study of double layers for the ion-acoustic wave in dusty plasma, we have to derive a nonlinear
equation for the dynamics of plasma particles. To do this, the equations (1) - (5) are transformed, on
introducing the Galilean transformation involving a new variable, ¢ given by & = x - Mt we get after
using the boundary conditions
p—0,n, n,—> (I+ x,2Z,) .n,—> x,,

u— 0,u;—>0 &)

as & >

the ion density and dust density are obtained as

! (1_ 2¢ )1/2
M? =30,
_ Xila
R X (an
My ’

Using (7a), (7b), (7¢c), (9) and (10) in (5) and expanding in power series of ¢ we obtain
62

:A —A 3/2+A 2+A 5/2
g A e A Ao __
+A4 ¢)3+ ........ d(ﬁ
5
where

1
4, = _g[})l(l +aZ,))+PaZ,]

) (13a)
+ZPO-P
4 ub +vb, B
4= CFm ) (13b)
1
4, = [E {R(1+aZ,)-PaZ,
I b +vh o 1 (139
HD, + VD, 2
-——(——")]+—y,0
12 ( Y? ) 2 2%
b(l) n b(l) 5/2
g =S (13d)
105 Y
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2
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P = 2Zd2 (13g)
uM

and ¥ (p) is the Sagdeev potential [42 ].
To obtain the double layer solution of (12b) in lowest order, we retain the terms up to

(02 in ( 12a). Therefore, integrating Eq.(12b), we get

( 5)2+t//1(¢) 0 (14)
where

__ﬁ 2 % 5/2_é 3
v ()= AR 3¢9 1)

Now, substituting ¢ = ®” in Eq.(14) we obtain

)2 2 %®3+é®4

(65 2 5 3 (16)

=Y, (CD)

To get the double layer solution from the Eq.(16) the modified Sagdeev potential i (®) must satisfy the
following boundary conditions:

i) l//l((D)—)O as ®—>0and >0 ,

i) dy, /d® —>0a ©->O,

and ® >0, (17)

and
iii) d*w, / dD* = 0as ®—0

and > D,
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where, @, isthe maximum value of @ .

Using above boundary conditions (17), we find that

Al = 4A2 (Dm _%q)i
5 3
and
4=ty 2 gy (18)
1 5 m 3 m

From the above two relations A1 and A2 are evaluated as

4 :%q)fn >
3
AZ :%(Dm
3

and
2544, =64 (19)
Now, putting the values of 4; and 4, in (16) we get

qo _ FO(D —d) (20)

dg

where, F' = i(%)l/2

Now, we use a hyperbolic transformation z = tanh(&) and W (z) = ¢(&) in Eq.(20) and obtain

(1—22)‘*;’—W—FquW+FW2 =0 Q1)
Z

Eq.(21) is a Fuchsian-like nonlinear ordinary differential equation which gives a Forbenius

series solution as:

W)=Y az" 22)
r=0

where p determines the number and nature of solution. Substituting (22) in (21) and balancing the leading

order of the nonlinear terms with the order of the differential equation we obtain N=1 i.e. the series W(z)

would have two terms. So, the series (22) become,

W(z)=a,+az (23)
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Using (23) we obtain from (21)
—a,+ Fal =-Fa®, +2Fa,q,
=-1-F®, a,+Fa; (24)

Eq. (21) leads to determine the unknowns parameters ay, @; and F as:

aO:iL,alzq)’”andF:i (25)
D, 2 D,
The double-layer solution of (17) is obtained as ,
2
¢ 9y
01 01 2
@y (&) =——[1 - tanh(———==)] (26)
D1 4 ~16/ 4
3
A
_ 2
where, ¢01 = 2A3 .

From (26) it is seen that the double layers exist if A; > 0. Since A, and A; of (13a) and (13b) are

dependent on the concentration of two-temperature electrons, nonisothermal parameter, dust density etc. So,

@, , the amplitude of the double layers, also depend on these parameters.
The thickness of double layers is derived as

_16
A
d =—3 27)

¢01

4. Results and Discussions

From (26), it is seen that amplitudes of the DLs depend on the dust density, positron density,
nonisothermality of two-temperature electrons, density of the electrons at two different temperatures, ion
temperature etc. The positive values of ¢y; , for some values of the plasma parameters , give compressive
DLs; on the other hand , the negative values of ¢,; give the rarefactive double layers for some other values
of the plasma parameters. To understand the behaviour of the DLs, the profiles DLs are drawn in Figs.1-5
using data of a model dusty plasma consisting of positrons and nonisothermal two-temperature electrons.

In Fig.1, the profiles of DL’s are shown with variation of dust density in a plasma having 6=0.001, M =1.8,
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u=0.15, Zd =10°, bl=0.3, bh=0.5,%p=0.1,0p=0.1,ud=10"". It is seen that the double layers are compressive

in nature and the amplitude increases with the increase of dust density.

400 = <

300 — '
\

100

ni

Fig.1: The profiles of DLs for different values of dusty density plasma.The graphs from bottom to top
showed by solid, dashed and dotted lines correspond to nd0 = 0.0001, 0.0002, 0.0004 and 0.0006

respectively.

The effects of the temperature ratio of low and high temperature electrons (f) on double layers are shown
in Fig.2 in dusty plasma having 6i=0.01,M=2.5,1=0.15,nd0=0.001,Zd=10>bl=0.15, bh=0.5,yp=0.1,6p=0.1,
nd=10°. Fig.2 shows that double layers are also compressive in nature and amplitudes are decreased with

the increase of f3.
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Fig.2: The profiles of DLs for different values of B in dusty plasma.The graphs from top to bottom
showed by solid, dotted and dadotted lines correspond to = 0.02, 0.3 and 0.4 respectively.

The effects of electron densities at low and high temperatures are shown in Fig.3 for the dusty plasma
having B =0.2, 6i=0.001,M =2.5, xp = 0.1, op = 0.1, nd0 = 0.001, Zd = 1000, bl = 0.15, bh = 0.4, nd0 =
0.001, Zd =10°, ud =10° It has been found that amplitude of the compressive DL’s is decreased with

increase of the electron density.
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Fig.3. Profiles of DLs for different values of electron density(u) in dusty plasma. The graphs from top to
bottom showed by solid, dotted and dadotted lines correspond to u =0.15, 0.3 and 0.45 respectively.

The profiles of double layers for different values of positron  density (yp) in dusty plasma having oi=
0.01,M = 2.5,u= 0.15,nd0 = 0.001,Zd=1000,bl= 0.15,bh = 0.5,yd = 0.2,6p = 0.1,, pud =10° are shown in

Fig.4 from which it is seen that amplitude of double layers increases with the increase of positron density.
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Fig.4: Profiles of DLs for different values of positron density (yp) in dusty plasma. The graphs from
bottom to top showed by solid, dotted and dadotted lines correspond to yp = 0.2, 0.4 and 0.6

respectively.

The effect of positron temperature (op) on the double layers in dusty plasma having o= 0.01,M =2.5,u=
0.15,nd0 =0.001,Zd =1000,bl= 0.15,bh = 0.5,xd = 0.2,xp = 0.2, ud =10° are shown in Fig.5. It is seen that

amplitude of double layers increase with the increase of positron temperature in the dusty plasma.
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Fig.5. Profiles of DLs for different values of positron temperature ( op ) in dusty plasma., The graphs
from bottom to top showed by solid, dotted and dadotted lines correspond to op =0.05, 0.1 and 0.1.5
respectively.

Summary and concluding Remarks

In this paper, the DLs in a dusty plasma consisting of warm ions ,positrons, nonisothermal electrons and
negatively charged dust particles have been theoretically investigated using the tanh-method. It is seen
that compressive double layers will be excited in the dusty plasma depending upon the concentration of
dust particles, positrons, nonisothermal parameter of electrons, temperatures of the ions and positrons etc. It
is known that double layers are formed due to net potential difference of electrostatic fields and any particle
traveling through the region of double layers is directly associated by this potential differences. So, our
present paper on the double-layers gives the idea about the possible source of acceleration of charged
particles in dusty plasma of the astrophysical objects.

To study the double layers in the dusty plasma we have assumed that charges of the dusty particles are
constant. But, the dust charges are variable because electrons and ions are continuously being attached with
the dust particle through collisions [41].Moreover, in astrophysical objects, magnetic field is present and
it has important roles on the nonlinear phenomena in the plasma. Gravitational effect in dusty plasma may
also have significant effect on the excitation of ion acoustic double layers like ion acoustic solitary waves
[42,43]. Our works on the double layers considering the variable dust charges and magnetic field are in

progress which would be communicated in near future.
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