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Abstract. Recent observation and theoretical investigations have led to the significance of electro-
static ion cyclotron (EIC) waves in the electrodynamics of acceleration process. The instability is
one of the fundamental of a current carrying magnetized plasma. The EIC instability has the low-
est threshold current among the current driven instabilities. On the basis of local analysis where
inhomogeneities like the magnetic shear and the finite width current channel, have been ignored
which is prevalent in the magnetospheric environment. On the basis of non-local analysis interesting
modification has been incorporated by the inclusion of magnetic shear. In this paper we provide an
analytical approach for the non-local treatment of current driven electrostatic waves in presence of
parallel electric field. The growth rate is significantly influenced by the field aligned electron drift.
The presence of electric field enhances the growth of EIC waves while magnetic shear stabilizes the
system.
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1. Introduction

The EIC waves are characterized by frequencies close to the harmonics of the ion cyclotron
frequency and perpendicular wave numbersk? � n=ri, wheren is the harmonic number
andri is the ion Larmour radius. Also these waves are characterized by parallel wave
numberkk � k?. In most of the studies, the field aligned currents (current parallel to
the magnetic field) or ion beams have served as a driving force for such instability [1].
EIC instability is generated due to the coupling of ion-acoustic mode and Larmour ions.
Drummond and Rosenbluth [1] were the first to examine this instability analytically, while
Kindel and Kennel [2] studied it in the context of space plasmas in the Earth’s magneto-
sphere. It should be noted however that the analysis of both [1] and [2] is a local analysis.

It is widely recognized that the electric field plays an important role in the dynam-
ics of ionosphere and magnetosphere plasmas. In the auroral regions, charged particles
are accelerated to very high energies by electric fields parallel to the magnetic field.
They consider a uniform zero order magnetic field (i.e.,B = B 0z), thereby neglecting
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the self-consistent magnetic field generated by the field aligned currents. This magnetic
field (usually small) will give rise to a shear in the zero order field, space dependent i.e.,
B(x) = By(x) � ŷ +Bz � ẑ. Ganguli and Bakshi [3], Bakshiet al [4], Ganguli and Bakshi
[5], Ganguliet al [6] have generalized and improved the previous model of Drummond
and Rosenbluth [1] by using a non-local analysis. Note the interesting modifications when
the model is made more realistic by the inclusion of inhomogeneities. Ion cyclotron waves
can also be excited by the field aligned ion beams. In general magnetic shear is a damping
agent and can significantly alter the local mode structure. Ganguli and Bakshi [3] have
concluded that even a small shear can significantly reduce the growth rate.

It is widely recognized that the electric field plays an important role in the dynamics
of ionosphere and magnetosphere plasmas. In the auroral regions, charged particles are
accelerated to very high energies by electric fields parallel to the magnetic field. Since
the effect of the magnetic shear and the finite size current channel on the electrostatic
ion cyclotron is well illustrated by [5], we provide an analytical approach for the non-
local treatment of current driven electrostatic waves in presence of parallel electric field.
Presence of electric field enhances the growth of EIC waves while magnetic shear stabilizes
the system.

2. Theoretical considerations

In the present paper, we have considered magnetospheric plasma to contain an uniform
static magnetic fieldB0 and the electric fieldE0 along thez axis of the co-ordinate system.
The electron distribution function is assumed to be of the Boltzmann–Vlasov type. In the
presence of electric field parallel toB0, the equilibrium distribution function is slightly
modified in terms of the drift velocity due to electric field.

The effective collision frequency� is independent of the particle velocity. Since it is of
very small order in magnetospheric plasma, it is neglected in our case.

This electric field is weak enough so that the induced drift velocity of electron is much
smaller then the phase velocity of the propagating wave. In the present problem the pres-
ence of such a weak electric field does not even lead to runway electrons.

The dispersion relation for low frequency electrostatic wave in magnetized plasma con-
sisting of beam ions, target ions, and drifting bulk electrons is given by Singhet al [7]
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k
+k2

?
; k? andkk are parallel and perpendicular wave numbers with respect

to magnetic fieldB0. Vde is the electron drift velocity which is opposite in direction to the
beam velocityUb: Z is the plasma dispersion function [8].
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The thermal velocities of electrons and target ions are
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me andM are their masses. We also define
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The Boltzmann–Poisson system of equation is solved analytically through Fourier trans-
formation which is equivalent of replacing the temperatureT k by complex temperature

Tcj = Tj [1� iqjE � k=Kk2Tj ]

for the electrons and ions (j labeling the species) in the well-known dispersion relation
for electrostatic plasma waves. This procedure is valid only if the distribution function is
actually a drifted bi-Maxwellian [9].

So the effect of parallel electric fieldE0 with respect to magnetic fieldB0 has been
incorporated through the modification of particles thermal velocity. Under this effect tem-
peratureTk modifies to a complex temperatureTkc in the direction of the magnetic field
[9–11] as given by

Tkc = Tk
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wheree is the charge of particles andK is the Boltzmann constant, whilej is an imaginary
term andeE0=kKTk � 1.

Using the basic definition of growth rate
 as
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Using magnetosphere plasma parameters, the growth are computed from eq. (4).

Effects of magnetic shear

Presence of magnetic shear introduces a non-local behaviour that can alter the local results
quite significantly. Generally, the effect of shear is introduced (i) locally (i.e.,k k ! kk(x))
and (ii) globally (i.e.,ikx! @=@x) as given by Ganguli and Bakshi [3].

The current profile is found to be

j(x) = n0ev
0
d
g(�); (5)

where

g(�) = e��
2

and � = x=Lc:

Lc is a size of finite current channel and such a current profile generates a self consistent
shear in the magnetic field, given by
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The corresponding variation in the parallel wave number is

kk(x) = k0
k
+ kyBy(x)=Bz (8)

which leads to the variation in the angle of propagation
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So the non-local effects are described bykk ! kk(x) as given by (8) andvd ! vd(x) as
implied by eq. (7) which will modify the growth rate given by eq. (4). We introduce shear
by replacingkk by kÆ

k
+ sky � x wheres = 1=Ls.
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Figure 1. Variation of growth rate(
=
) of electrostatic ion cyclotron wave with ion
cyclotron frequencies(!r=
) for different values of shear in the presence of electric
field (20 mV/m).

3. Results and discussion

We have chosen magnetospheric plasma parameters to compute the growth rate from eq.
(4). The effect of electric field is being discussed with reference to temperature anisotropy
of the beam and electron drift. We provide an analytical approach for the non-local treat-
ment of current driven EIC waves in a sheared magnetic field. We study the effects of
magnetic shear by replacingkk in eq. (4) byky � u whereu = sx(= k

(x)

k
=ky) where

1=s = Ls = cBz=(4�n0ev
0
d
) and the transverse wave number given byb = 1=2(ky � �2i ).

The independent variableu is the physical angleu = x=L s, the origin ofx is at the position
where the field line is perpendicular to the givenk (k �B = 0). j�j is significant between
0.9 and 0.12 with a peak aroundumo = 0:09. We have demonstrated the importance of
non local effects due to a magnetic shear (produced by the field aligned current). We find
that shear significantly reduces the local growth rate.

In the present analysis we have chosen magnetospheric plasma parameter as used by
Singhet al [7] and calculate the growth rate of EIC waves for the case of with and without
shear in the presence of electric field as shown in figure 1. It is observed that the effects of
magnetic shear are to decrease the growth rate. Anyhow the increase in the electric field
can give rise to the growth rate of electrostatic ion-cyclotron waves.

4. Conclusions

(1) The magnetic shear decreases the growth rate of EIC waves.
(2) The growth rate depends on the strength of parallel electric field.
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