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This study presents a theoretical approach to analyze the influence of kappa distributed streaming
ions and magnetized electrons on the plasma wave propagation in the presence of dust by employing
two-potential theory. In particular, analytical expressions under certain conditions are derived for
various modes of propagation comprising of kinetic Alfvén wave streaming instability, two stream
instability, and dust acoustic and whistler waves. A dispersion relation for kinetic Alfvén-like
streaming instability has been derived. The effects of dust particles and Lorentzian index on the
growth rates and the threshold streaming velocity for the excitation of the instability are examined.
The streaming velocity is observed to be destabilizing for slow motion and stabilizing for fast
streaming motions. It is also observed that the presence of magnetic field and superthermal particles
hinders the growth rate of instability. Possible applications to various space and astrophysical
situations are discussed. © 2010 American Institute of Physics. �doi:10.1063/1.3491336�

I. INTRODUCTION

When two clouds of plasma merge into each other, cer-
tain disturbances in the electromagnetic field will tend to
grow. The phenomena that cause it are called beam plasma
instabilities. The particle beam creates a reverse current in
the target plasma to end up with a classical two stream in-
stability. These instabilities release the excess of free energy
stored in the particle streaming which can excite different
plasma modes. Recently, there has been much interest in
studying purely growing electrostatic/electromagnetic insta-
bilities driven by the streaming of plasma particles relative to
each other.1–7 A number of electromagnetic instabilities have
been studied, which are mainly triggered by ion beams par-
allel to the magnetic field.8 To study such instabilities in
dusty plasmas is quite different from electron-ion plasmas as
the presence of massive dust grains contribute to the growth
and damping of the instabilities and introduce new types of
waves, which appear on new time and space scales.9 Such
type of instabilities in an unmagnetized dusty plasma have
been investigated by a number of authors to show the
excitation/decay due to the effect of particle dynamics.10–12

Magnetized dusty plasmas support additional electrostatic
low frequency waves involving the dynamics of magnetized/
unmagnetized dust grains and magnetized electrons/ions.
One of these waves is the dust lower hybrid �DLH� wave
with ���ci, which propagates nearly perpendicular to the
external magnetic field.13,14 This mode basically arises due to
unmagnetized dust and magnetized lighter plasma particles.
It has been shown theoretically that in a streaming magne-
tized plasma, the velocity of ions is coupled directly with
DLH and dust acoustic modes.15 Through this coupling, the
low-phase velocity wave can take the particle streaming en-
ergy, and due to the gain of energy, the amplitude of the
mode will tend to grow.

The relative streaming of plasma components along an
external magnetic field at speeds greater than the Alfvén
speed can excite numerous instabilities. Most of them have
the largest growth rates with a propagation vector along the
magnetic field direction.16 The damping/excitation and
propagation of Alfvén waves could be affected by the pres-
ence of dust and modify the behavior of these low frequency
waves in a dusty plasma.17 An extensive study has been car-
ried out to study the unstable wave modes in the circularly
polarized branch driven in the solar wind by the Martian
heavy ion beam.18 The instability of circularly polarized
Alfvén waves in plasmas with proton beams and the cou-
pling effects through hybrid simulations have been studied
most recently.19 The dust grains were exempted in both
above mentioned studies. However, it has been recently rec-
ognized that in the presence of dust particles, the character-
istics of circularly polarized Alfvén waves are modified and
several couplings between distinct branches of the dispersion
relation appear.20,21 Further, it is shown that the growth rate
of instability can be affected by the presence of dust grains.22

A kinetic formulation to analyze Alfvén wave propagation in
the presence of inelastic dust charge fluctuations has also
been developed.23

In most of these theoretical investigations reported so
far, the particle distribution has been assumed to be Max-
wellian. Space-craft measurements of electron energy spectra
and in situ observations in the near-Earth space plasma
clearly indicate the presence of superthermal particle popu-
lations. These particles may arise due to the effect of external
forces acting on the natural space environments or due to
wave-particle interaction. The observed distribution contains
a plentiful supply of superthermal particles, i.e., particles that
move faster than the thermal speed and are represented by
the family of kappa distribution. These populations are mod-
eled with the so-called kappa distribution function which
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obeys a power law in particle speed with high energy tails
and, for large values of kappa ��→��, degenerates into its
Maxwellian counterpart. Such deviations from Maxwellian
distributions are expected to exist in a low density plasma
where binary collisions are sufficiently rare. The presence of
high energy tail component in a kappa distribution effec-
tively changes the rate of resonant energy transfer between
particles and plasma waves and therefore, it is expected that
the conditions for instability may be different from the Max-
wellian counterpart.24 The occurrence of kappa distribution
is attributed to the wave-particle interactions which are re-
sponsible for the particle energization. For instance, such dis-
tributions have been used to analyze the low energy electrons
in the Earth’s magnetosphere,25,26 Alfvén waves in solar
wind streams,27 and whistler emission of Jupiter.28 Much of
the work has been devoted to study electron/ion plasma with-
out considering the effects of dust grains. Recently, some
new models for nonthermal plasmas �such as �r ,q� distribu-
tion� have been employed to study various electrostatic and
electromagnetic waves and instabilities in a dusty/dust free
plasmas.29–34

Kinetic Alfvén wave �KAW� like streaming instabilities
in a dusty plasma using a two-potential approach have not
been investigated, when the background plasma is kappa dis-
tributed. Our aim is to fill in the gap and highlight the influ-
ence of kappa distributed ions and unmagnetized dust on the
streaming instabilities.

The layout of this manuscript is organized as follows.
Basic assumptions and equations leading toward the general
form of the dispersion relation for streaming instabilities in
terms of the modified Lorentzian plasma dispersion function
is discussed in Secs. II–IV. Results and conclusions are dis-
cussed in Secs. V and VI, respectively.

II. BASIC ASSUMPTIONS

We consider an electromagnetic KAW-like streaming in-
stability in a collisionless electron-ion dusty magnetoplasma.
We assume strongly magnetized electrons to be Maxwellian
and a beam of kappa distributed ions flowing along an exter-
nal magnetic field �B0 � ẑ� with constant ion drift velocity
�V0 �B0�, while dust is cold and unmagnetized. The plasma
beta �i is assumed to be very small, i.e., �i�1, where �i

=4�ni0Ti /B0
2. The electric field and the wave vector k lie in

the xz plane. Thus we have

B0 = � 0

0

B0
�, V0 = � 0

0

V0
�, k = �k�

0

k�

� .

For a low beta plasma, we may neglect the electromag-
netic wave compression along the direction of the external
magnetic field �B1z=0�. Therefore, the choice of a particular
coordinate system allows us to make use of two-potential
theory by assuming two different electrostatic potentials to
represent the transverse and parallel component of electric
field, i.e.,

E� = − ��� ,

E� = −
�	

�z
,

where ��	.
The linearized Poisson equation is

��
2 � +

�2	

�z2 = 4�e	ne1 − ni1 −
Qd0

e
nd1 −

nd0

e
Qd1
 , �1�

where ne1, ni1, and nd1 are electron, ion, and dust number
densities, respectively, Qd0=−Zde �with Zd as the number of
electron charge on a grain� is the equilibrium charge on an
average dust grain, and e is the electron charge. Here, we
consider negatively charged dust grains which are charged
by electron currents.

We ignore the dust charge fluctuation effects, i.e.,
Qd1=0, as the dust charge fluctuation causes a non-Landau-
type damping, known as Tromsø damping, which is usually
important for low frequency electrostatic waves involving
the dynamics of dust grains.35,11

Combining Ampere’s and Faraday’s laws, we get,36

�

�z
��

2 �� − 	� =
4�

c2

�

�t
�Je1z + Ji1z + Jd1z� , �2�

where the J’s are the field aligned current densities.
The perturbed distribution function of ions is given by

the aid of Vlasov equation

f i1 = −
ek�	

mi�� − k�v��
� f i0

�

�v�

, �3�

where f i0
� is the zeroth order distribution function and is as-

sumed to obey a power law form,5 i.e.,

f i0
� = Ai��1 +

1

�vti�
2 �v�

2 + �v� − V0�2��−�−1

, �4�

where

Ai� = ni0
 1

��vti�
2 �3/2 
�� + 1�


�� − 1/2�
; � � 3/2

and

vti�
2 = 
2� − 3

�
�
 Ti

mi
� ,

where � is the spectral index, 
 is the Gamma function, and
thermal speed vti� is related to the particle temperature Ti.

Important features associated with a � distribution are
that it tends to a Maxwellian distribution for the limit
�→�, obeys an inverse power form for high velocities, and
allows one to model superthermal particle contributions
within the plasma.

We solve the Vlasov equation for hot and magnetized
electrons in terms of the guiding center coordinates and get
the perturbed distribution for any electromagnetic wave,37,38
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fe1 = − 
ne0e

Te
��

l
�

n

k�v�	 + n�ce�

� − n�ce − k�v�


exp�i�n − l���Jn
 k�v�

�ce
�Jl
 k�v�

�ce
� fe0, �5�

where fe0 is the equilibrium Maxwellian distribution function
for electrons and �ce is the electron cyclotron frequency.

The dust component is considered to be cold and unmag-
netized and thus, we use a hydrodynamical approach for
finding the dust number density and current density.

III. NUMBER DENSITY AND CURRENT
DENSITY PERTURBATIONS

Making use of Eqs. �3� and �4�, we get the perturbed
number density of Lorentzian type streaming ions

ni1 = −
2eni0	

mivti�
2 	2� − 1

2�
+ �Z���
 , �6�

where

� =
� − k�V0

k�vti�
�7�

and

Z��� =
1

�1/2

�� + 1�

�3/2
�� − 1/2��−�

+� xdx

�x − ���1 + x2/���+1

is the Lorentzian type plasma dispersion function.39

The number density of hot and magnetized electrons can
be written as

ne1 =
2ene0	

k�mevte
2 �

n

�k�vte	�1 + �enZ��en��

+ n�ce�Z��en��In�be�e−be, �8�

where In is the modified Bessel function with argument
be=k�

2 vte
2 /2�ec

2 and Z��en� is the usual dispersion function for
a Maxwellian plasma with

�en =
� − n�ce

k�vte
.

The perturbed number density of cold and unmagnetized
dust grains is given by the momentum balance and continuity
equations

nd1 =
nd0Qd0

md�2 �k�
2 � + k�

2	� . �9�

The longitudinal components of current density pertur-
bations are given by36,40,41

Ji1z = −
2e2ni0	

mivti�
	2� − 1

2�
� + �2Z���
 , �10�

Je1z = −
ne0e2

Tek�
�

n

��1 + �enZ��en��


�k�vte�en	 + n�ce���In�be�e−be, �11�

and

Jd1z =
nd0Qd0

2

md�
k�	 . �12�

IV. DISPERSION RELATION

Now, using the explicit expressions of ne1, ni1, and nd1 in
Eq. �1� and Ji1z, Je1z, and Jd1z in Eq. �2� allows to obtain the
following system of equations:

A� + B	 = 0,

�13�
C� + D	 = 0,

where

A = k�
2 +

2�pe
2

vte
2 	n�ce

k�vte
Z��en�Ine−be
 − k�

2 �pd
2

�2 ,

B = k�
2 +

2�pi
2

vti�
2 	2� − 1

2�
+ �Z���


+
2�pe

2

vte
2 �1 + �enZ��en��Ine−be − k�

2�pd
2

�2 ,

�14�

C = c2k�k�
2 +

�pe
2

vte
2

n��ce

k�

�1 + �enZ��en��Ine−be,

D =
2��pi

2

vti�
�	2� − 1

2�
+ �Z���
 − k��k�

2 c2 + �pd
2 � .

The dispersion relation is obtained by solving the homo-
geneous equation �13�, i.e.,

AD − BC = 0. �15�

Substituting the values of A ,B ,C ,D from Eq. �14� and
after a straightforward algebra, we get

1 +
2�pe

2

k�
2vte

2 �
n
�
1 +

�pd
2

k�
2 c2�n�ce

k�vte
Z��en�Ine−be

+ 
1 −
�vte�en

c2k�

+
n��ce

k�
2 c2 ��1 + �enZ��en��Ine−be�

+
2�pi

2

k�
2vti�

2 �
1 −
2vti���

c2k�
�
1 −

�pd
2

�2 �

	� − 1/2

�
+ �Z���
� +

�pd
2

k�
2c2 +

k�
2

k�
2

− 
1 +
k�

2

k�
2 ��pd

2

�2 = 0, �16�

which is the dispersion relation of kinetic Alfvén-like
streaming instabilities in a Lorentzian dusty plasma. One can
immediately notice the effect of nonthermality via the kappa-
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modified plasma dispersion function and dust effects �which
will give rise to the dust lower hybrid frequency� on the
dispersion characteristics.

Several classical wave modes can be derived from the
above dispersion equation by the consideration of particular
limits. For a clear overview, we consider two special cases,
i.e.,

�i� �k � B0,V0� .

We investigate the wave propagation along the magnetic
field and streaming direction, i.e., along the z-axis. The par-
ticles can stream freely along the magnetic field directions,
while their motion in the perpendicular direction is sup-
pressed by the gyromotion of plasma particles; therefore, this
is the most plausible case.

Under these assumptions, along with n=0 and be�1,
Eq. �16� could be visualized as the two stream electrostatic
instability in a dusty plasma

1 +
2�pe

2

k�
2vte

2 �1 + �enZ��en�� +
2�pi

2

k�
2vti�

2 	� − 1/2
�

+ �Z���

−

�pd
2

�2 = 0. �17�

It is clear that the electrostatic dispersion relation for
waves parallel to the magnetic field is identical to the famil-
iar electrostatic dispersion relation for an unmagnetized
plasma. Since the wave vector k is parallel to B0, the elec-
trostatic stability properties are unaffected by the presence of
the magnetic field.

Such type of results have been found for a dust free
plasma.42 The fluid version of the above equation for differ-
ent streaming species illustrate that the presence of dust en-
hances the growth rate of instability.17 In the limit �→�,
�pd

2 =0, our results approaches to its classical Maxwellian
counterpart.43

�ii� �k � B0�, V0 = 0, ��ci � � � �ce� .

By expanding the plasma dispersion function and ignor-
ing the effect of dust in Eq. �16�, we get whistler like mode
whose frequency is below the electron cyclotron frequency.
After some straightforward calculations, we get

� =
c2k�

2�ce

�pe
2 , �18�

where c2 /�pe
2 is the electron skin depth and

vph =
c2k��ce

�pe
2 ,

which shows that the phase velocity of whistler waves is
unaffected by the form of the distribution function.

Now, by applying suitable approximations ���ce ,be

�1 and expanding the plasma dispersion function, Eq. �16�
turns out to be

A =
k�

2

�2 fe��2 − �DLH
2 � ,

B =
1

�Di�
2 − k�

2�pd
2

�2 ,

�19�
C = k�k�

2 c2,

D = 
2� − 1

�
��

�pi
2

k�vti�
2 �� − k�V0� − k��k�

2 c2 + �pd
2 � ,

where �DLH
2 = ��pd

2 �ce
2 � /�pe

2 , fe=�pe
2 /�ce

2 , and �Di�

=�Ti /4�ni0e2��−3 /2 /�−1 /2�.
Now, making use of Eq. �15�, we arrive at

��2 − �DLH
2 �	
2� − 1

�
� �pi

2

k�vti�
2 ��2 − �k�V0� − k�


�k�
2 c2 + �pd

2 �
 −
k�VAe

2

�Di�
2 ��2 − k�

2�pd
2 �Di�

2 � = 0, �20�

where VAe=B0 / �4�ne0me�1/2 is the electron Alfvén speed
with electron mass density.44 This equation shows that due to
the thermal kinetic effect, the shear Alfvén wave develops a
longitudinal component, making a kinetic Alfvén wave a
mixed electromagnetic and electrostatic mode. It also shows
that dusty plasma supports dust lower hybrid waves due to
nearly perpendicular propagation and dust acoustic wave
�DAW� due to nearly parallel propagation.

In the limit �2 /k�
2VA

2 →0, V0=0, and k�
2 �e

2�1, we get

�2 = 
2� − 3

2� − 1
�k�

2CD
2 , �21�

where CD
2 =Zd0Ti /md.

This equation is the dispersion relation for the dust
acoustic wave in a Lorentzian plasma. In the limit �→�, we
approach a Maxwellian DAW.45

After simplifying Eq. �20�, we will get a quartic equa-
tion, i.e.,

a�4 + b�3 + c�2 + d� + e = 0, �22�

which is the dispersion relation for kinetic Alfvén wave in-
stabilities, where

a = 1,

b = − k�V0,

c = − �DLH
2 − k�

2VAe
2 − k�

2�Di�
2 �k�

2 c2 + �pd
2 � ,

d = �DLH
2 k�V0,

e = k�
2�DLH

2 �Di�
2 �k�

2 c2 + �pd
2 � + k�

4VAe
2 �pd

2 �Di�
2 ,

for V0=0, b=d=0, and we will get a kinetic Alfvén-like
wave
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�2 = �DLH
2 + k�

2VAe
2 	1 + 
2� − 3

2� − 1
��e
1 +

�pd
2

c2k�
2 �k�

2 �e
2
 ,

�23�

where �e
2=Ti /me�ce

2 , �e=ne0 /ni0, and VAe=c�ce /�pe.
This dispersion relation shows that the kinetic Alfvén

waves and dust acoustic modes are coupled. The two modes
decoupled for �i�1, i.e., the coupling between kinetic
Alfvén wave and the dust acoustic wave becomes weak.

Since k�
2 �e

2�1, we can ignore the third term on the right
hand side and ultimately, we get

�2 = �DLH
2 
1 +

k�
2c2

�pd
2 � , �24�

where �DLH
2 =�pd

2 �ce
2 /�pe

2 is the dust lower hybrid frequency
which arises due to the hybrid motion of magnetized elec-
trons and unmagnetized dust grains. The unmagnetized dust
introduces �DLH

2 , a new cutoff frequency which gives rise to
a limit for the propagation of electromagnetic waves in a
dusty plasma.

In the opposite case, when the streaming electrons fol-
low kappa distribution and ions are magnetized, the low fre-

quency ion fluctuations couple with the Doppler-shifted elec-
tron plasma oscillations in the beam. For V0e�� /k�, we
get the kinetic Alfvén wave instability below ion cyclotron
frequency.

V. RESULTS

Now, we discuss the solution of Eq. �22� for several
parameters which are close to dusty plasma environments in
interstellar clouds.46–48 Interstellar dust make up only 1% of
the interstellar medium but sometimes there is enough dust
to obscure the light from stars behind the dust. The interstel-
lar medium contains carbon, helium, hydrogen, and other
gases such as oxygen, nitrogen, and baryonic gas molecules.
In order to study waves and instabilities in interstellar
molecular clouds, one must consider the effect of heavy
dust particles as a component of neutral fluid. We do not
choose a particular example of dust species as our aim is to
show how the presence of dust grains affects the electromag-
netic instability. Here, we consider ni0=10–104 cm−3 , nd0

=10–10−2 cm−3 , Zd=10–104 , md=105–108mi.
For computational convenience, we introduce dimen-

sionless parameters as follows:

FIG. 1. �Color online� Effect of � on the real ��̃r� and imaginary ��̃� parts

of the dispersion relation for Ṽ0=1.5 and �i=0.1.
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FIG. 2. �Color online� Effect of �i on the real ��̃r� and imaginary ��̃� parts

of the dispersion relation for Ṽ0=1.5 and �=3.
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� = �ce�̃, k� =
�ce

VA
k̃�, V0 = VAṼ0.

The dispersion relation �20� shows that kinetic Alfvén
waves and dust acoustic modes are coupled. For �i�1, the
coupling between the dust acoustic and kinetic Alfvén wave
becomes weak and the two modes decouple, leading to the
dispersion relation for the kinetic Alfvén and dust acoustic
modes. It is shown here that the ion beam with streaming
velocity V0, passing through a background plasma, may act
as an effective source of low frequency wave excitation. The
effects of different parameters on kinetic Alfvén-like stream-
ing instability �stability� are shown in Figs. 1–4, when k� is
held constant. Each mode in Eq. �20� has two branches cor-
responding to plus and minus signs in the dispersion equa-
tion and the negative value of � corresponds to a backward
propagating wave with respect to the z-axis. The upper
branch shows the kinetic Alfvén wave, while the lower fre-
quency branch is near to the cutoff frequency �DLH, which is
excited due to �-distributed ion beam source as shown in the
�a� panels of Figs. 1–4. Lower instability is caused by the
interaction between the ion beam and KAW near �DLH,

which is shown in the �b� panels of Figs. 1–4 for different
plasma parameters.

The real frequency of the kinetic Alfvén waves decreases
for lower values of �, while it becomes maximum for a
Maxwellian plasma, as shown in Fig. 1�a�. Similarly, for low
values of kappa, the instability reduces, while increasing the
value of Lorentzian index the amplitude of unstable region
increases, and for �→� �Maxwellian�, we get maximum
growth rate, as shown in Fig. 1�b�. The instability region is

restricted to a critical value of k̃�, the so-called cutoff wave
number, which limits the instability to grow beyond this
value. For k� �0.34, we have a stable region for a Maxwell-
ian plasma while for �=3, the stable region increases toward

large k̃�. Through coupling, the waves exchange energy and
increase the level of instability. It is also important to note
that maximum growth rate occurs for small wave number
and vice versa. In short, the unstable region is limited to

0.6� k̃� �0.34.

In Fig. 2�a�, �̃r is shown as a function of k̃� for various
values of plasma �i and � remains fixed at �=3. Figure 2�b�
shows that on varying �i, we can observe prominent incre-
ment in the growth rate of instability. The stable region di-

FIG. 3. �Color online� Effect of Ṽ0 on the real ��̃r� and imaginary ��̃� parts
of the dispersion relation for �i=0.1 and �=3.

FIG. 4. �Color online� Effect of Zd on the real ��̃r� and imaginary ��̃� parts

of the dispersion relation for �i=0.1, �=3, and Ṽ0=1.5.
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minishes for large values of �i, which shows that a strong
magnetic field helps to stabilize the system. It is observed
that the superthermal particles with a weak magnetic field
enhance the growth rates. The growth rates are increased
toward small wave numbers.

The effects of ions streaming on the real and imaginary
dispersion curves can be seen in Figs. 3�a� and 3�b�, respec-

tively. By increasing Ṽ0, the amplitude of instability in-
creases toward small wave numbers. A further increase in
streaming velocity will help to stabilize the system. The ef-
fect of Zd on the dispersion characteristics can be estimated
in Figs. 4�a� and 4�b�, which display, respectively, the value
of real and imaginary parts of the normalized frequency. For
high values of Zd, the growth rate increases significantly to-

ward small k̃� and with a further increase in Zd, the growth

rates tend to move toward large k̃�. The results indicate
that even a small amount of dust charge is sufficient to
modify the propagation and excitation of kinetic Alfvén-like
instabilities.

The dust number density plays a significant role to study
the above phenomenon. A sufficiently large amount of dust
grains and for the beam velocity larger than the Alfvén ve-
locity, we get two unstable solutions. One is the low fre-
quency electromagnetic mode �kinetic Alfvén waves�
coupled with Lorentzian and Doppler-shifted ion plasma os-
cillations in the beam resulting in the unstable branch and the
other is near lower hybrid frequency; therefore, two separate
unstable frequency bands may arise. The dispersion branches
of KAW instability are shown in Fig. 5. It has been observed
that the lower instability stabilizes due to the high concen-
tration of the negatively charged dust grains, while the upper
instability will increase for increased dust number density
when V0=10. For fixed plasma parameters, lower instability
extends to short wavelength and large amplitude as com-
pared to the upper instability.

From Figs. 6–10, we shall only discuss the upper
instability.

Figure 6�a� shows real frequency as a function of k̃�. This
figure indicates that the instability operates in the range

0.25� k̃� �0.42 for �=3. In our case, k̃� �0.24 ��→�� is the

critical value and for all other values before k̃� =0.24, we
arrive at a stable region. The superthermal feature appears to
control the occurrence of instability, i.e., the instability is
strongly modified. For small values of �, the growth rate is
reduced, but as we increase the value of �, the growth rate
enhances and eventually approaches its Maxwellian cousin
as shown in the Fig. 6�b�. Stable modes are also modified in
the presence of nonthermality. Figure 7 shows that instability
is strongly dependent on the �i, i.e., it increases in ampli-
tude; however, at the same time, the unstable region shifts

toward large k̃� with the increase in �i. It may be observed
that the growth rates of unstable modes are reduced by in-
creasing the non-neutrality parameter �=ne0 /ni0 and by fix-
ing �i�0.5, as depicted in Fig. 8. Since we assume the ions

to drift with velocity Ṽ0 due to ion current along magnetic
field, the electromagnetic kinetic Alfvén-like wave will be
unstable below electron cyclotron frequency, i.e., ���ce.
The free energy associated with the drift motion of ions is

FIG. 5. �Color� Real �solid lines� and imaginary �dashed lines� plots of the

dispersion relation for nd0�10−2, Ṽ0=10, and �i=0.5.

FIG. 6. �Color� Real ��̃r� and imaginary ��̃� parts as a function of k̃� and �

are plotted for nd0�10−2, Ṽ0=10, and �i=0.6.
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responsible to excite the electromagnetic wave. The mono-
tonically increasing trend of growth rates with the increase of
flow velocity are presented in Fig. 9. It is shown that the
instability increases with V0 and a further increase will lead
the mode toward stability. Thus, for a Lorentzian distribu-
tion, the wave frequency is lowered at higher ion beam ve-
locities, which may be caused by the Doppler-shifting ef-
fects. Finally, we have observed the effect of charged dust
grain on the electromagnetic wave instability. We can ob-
serve a rapid rise in the amplitude of unstable modes with the
increase of charge on the dust grains as depicted in Fig. 10. It
is obvious from our results that the presence of nonzero
charge on the dust grain surface gives rise to a cutoff fre-
quency at �DLH, which provides a limit for the propagation
of an electromagnetic wave.

Waves and instabilities in molecular clouds have become
outstanding and challenging topics in space science and
modern astrophysics because of their vital role in under-
standing formation and evolution of interstellar molecular
clouds containing dust grains.49 The regions also having
great amounts of dust particles can give rise to new wave
modes or modify the pre-existing ones. It has also been

found earlier that there are some instances when molecules
flourish in the presence of energetic radiation, high tempera-
tures, and superthermal components of the molecular speed
distribution.50 Interstellar turbulence may allow the genera-
tion of Alfvén waves that propagate through the clouds in the
direction of the magnetic field. The interactions of streaming
instabilities with the background turbulence of interstellar
medium may suppress the instabilities and cause damping of
wave in a nonlinear regime.

Further, in the frame of in situ measurements, the proton
velocity distribution functions has been observed in the solar
wind, which show beam components,51 and the effect of dust
grains on the instabilities of electromagnetic waves in the
solar wind plasma due to ring beam cometary ion velocity
distributions is well known in literature.52 On the other side,
a number of investigations have been made to study the solar
wind particle distribution function via kappa or generalized
kappa distribution functions.34,53,54 Since the drift velocity of
the beam relative to core protons is larger than the local

FIG. 7. �Color� Imaginary ��̃� part as a function of k̃� and �i is plotted for

nd0�10−2, Ṽ0=10, and �=3.

FIG. 8. �Color� Imaginary ��̃� part as a function of �i and � is plotted for

nd0�10−2, Ṽ0=10, k̃� =0.4, and �=3.

FIG. 9. �Color� Imaginary ��̃� part as a function of k̃� and Ṽ0 is plotted for
nd0�10−2, �i=0.1, and �=3.

FIG. 10. �Color� Imaginary ��̃� part as a function of k̃� and Zd is plotted for

nd0�10−2, Ṽ0=10, �i=0.6, and �=3.
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Alfvén speed VA, therefore, we may expect information
about the solar coronal heating, solar wind acceleration, solar
wind interaction with cometary dust, and the associated in-
stabilities more accurately by using a Lorentzian distribution
function.

In particular, the presented theory can also be applied to
the solar wind, which contains numerous current sheets, e.g.,
heliospheric current sheet, and the belt of coronal streamers
where the magnetic field orientation changes abruptly. The
generally low speed ecliptic-plane wind also shows an abrupt
switch to high-speed streams that originate from low-latitude
coronal holes. In high-speed solar wind, the propagation of
Alfvén waves can be transferred into fast magnetosonic
waves. A penetration of dust from the interstellar origin to
the vicinity of heliopause could have a significant effect on
the wave properties

VI. CONCLUSIONS

In the present paper, we have analyzed the excitation of
kinetic Alfvén-like streaming instabilities in a Lorentzian
dusty plasma. Such type of instabilities are common in lit-
erature, but have not been investigated as far as a Lorentzian
distribution is concerned. We have shown that �-distributed

ion beam with velocity Ṽ0 passing through a background
plasma having magnetized electrons and cold unmagnetized
dust can excite kinetic Alfvén-type waves. The excited
waves are normally shear Alfvén and dust acoustic modes. A

general �̃− k̃ dispersion relation is derived in terms of a
modified plasma dispersion function. We have obtained
simple analytical forms of the dispersion relation by impos-
ing different conditions. For parallel wave propagation

�k̃�=0�, we get a longitudinal two stream instability in a
dusty plasma and they are not influenced by the presence of
external magnetic field. Similarly, for parallel wave propaga-

tion and Ṽ0=0, we get whistler like waves in a dust free
plasma when ��ci����ce�. On the other hand in the limit
� /k�VAe→0, we obtain linear dispersion relation of DAW.
Our analytical investigations reveal that the presence of cold
but mobile dust introduces a new cutoff frequency �DLH to
KAW as compared to static dust which affects the dispersion
of KAW through quasineutrality. It is found that the real
frequency and the growth rates of this electromagnetic insta-
bility are significantly affected by the presence of a kappa
distribution. The growth rates are reduced compared with a
Maxwellian distribution. While the maximum growth rate
tends to diminish, the instability extends to large waves num-
bers in the presence of superthermal particles. Instability
tends to increase by the incremental variation of the stream-
ing speed and the charge on the dust grain surface. Through
coupling, the wave can take out the ions streaming energy to
growing the amplitude of the mode. The impact of kappa
distributed ions is found to be quite significant. We can also
determine the ions superthermality spectral index, i.e., �,
when all other parameters are known. Dust number density
plays an important role toward wave coupling and increasing
drift velocity needed for the growth rates �upper instability�.
Higher dust concentrations will enhance the loss rate of elec-
trons by attachment onto the dust grain which increases the

drift velocity and a further increase will lead toward stability
and we can safely conclude that the reduction in the excita-
tion of wave is expected.

The charging effects yield some additional currents
which are the functions of streaming velocity, kappa, and
some other electromagnetic effects due to magnetized elec-
trons which require a separate detailed study and we also
intend to pursue in the near future.
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