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Abstract:- Electromagnetic ion-cyclotron (EMIC) waves have been studied by single particle approach. The effect of
kappa distribution function on EMIC waves at different plasma particle densities, the dispersion relation, growth length,
growth rate, parallel and perpendicular resonance energy of electromagnetic ion cyclotron waves in low B (ratio of
plasma pressure to magnetic pressure) homogeneous plasma have been obtained. The effect of steepness of the kappa
distribution and density has been studied of the ions. In these studies, we have presented some previous work but
different investigation of kappa distribution function on EMIC waves in cold plasma. The dispersion relation, particle
densities, growth rate and growth length of the EMIC waves are derived The wave is assumed to propagate parallel to
the static magnetic field. The whole plasma is considered to consist of resonant and non-resonant particles. It is assumed
that resonant particles participate in energy exchange with the wave whereas non-resonant particles participate in the
oscillatory motion of the wave. The effect of kappa distribution function with plasma densities is to enhance the wave
growth of EMIC waves with ions. The results are interpreted for the space plasma parameters appropriate to the auroral
acceleration region of the earth magneto plasma.

Keywords: Electromagnetic ion cyclotron waves, Kappa distribution function, auroral acceleration region, Particle
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l. Introduction
Electromagnetic ion cyclotron (EMIC) waves are transverse, low frequency (below the proton cyclotron frequency) waves in the
range of 0.1-5Hz are seen on the ground as pcl-pc2 pulsations.! Electromagnetic ion cyclotron waves generated in the equatorial
region of earth’s magnetosphere as left-handed circularly polarized waves propagate field line guided towards the ionosphere.?
Experiment evidence for naturally occurring ion cyclotron instability has been summarized by Cornwall®. It has been clearly pointed
out that both particle precipitation and wave generation are observed to occur preferentially in the region of high density of cold
electrons. Cuperman and Gombroff have stated that a number of authors have pointed out that the generation of electromagnetic
ion cyclotron wave (EMIC) waves would pitch-angle scattered protons, subsequently reducing their fluxes.* Recently work on
electromagnetic ion cyclotron waves (EMIC) with ions plasma have been studied using particle aspect analysis and kappa
distribution function with plasma densities. The EMIC wave propagation and the wave polarization have been determined using tri
axial magnetic field data from the CRRES satellite, together with two orthogonal components of the wave electric field [Fraser]®.
In the auroral acceleration region, heating and acceleration perpendicular to the magnetic field is a common feature in the auroral
acceleration region. Jordanova have stated that ring current ion distribution are often unstable and can generate different classes of
plasma wave like magneto sonic, Electromagnetic ion cyclotron (EMIC) waves etc in the equatorial magnetosphere. An energetic
particle and a plasma wave in pitch angle scattering and energy exchange between the particle and wave occurs with the subsequent
interaction.®
Electromagnetic ion cyclotron instability in the presence of cold plasma are discussed by Cornwall & Schulz and gave analytical
expression for the growth rates as a function of wave frequency ®.” An estimation provides a low plasma electron density of 40 cm-
3 wave emission were confined to the following two frequency band, 1- low frequency wave below the local oxygen gyro frequency
(Qo*/2n=25Hz), with a maximum activity at 8Hz and Local helium (Qune*/2n=100Hz), and hydrogen gyro frequencies peaked at
above 130Hz.8
In the recovery phase of the storm, the plasma pause moves out of 1~6Re(Re is earth radius) in the recovery phase of the storm and
the plasma pause is filled by ambipolar diffusion of cold ionosphere plasma. Thus the higher density plasma causing EMIC wave
generation and proton precipitation envelops the stably trapped outer ring current proton.* In addition, enhanced cold plasma density
reduces the proton resonant energy to the energy range of the ring current where higher fluxes are available for resonance. The
super thermal populations are well described by the so-called kappa (k) or generalized velocity distribution function (VDFs) as
shown for the first time by vasyliunas (1968). Such Distribution have high energy tails deviated from a Maxwellian and decreasing
as a power law in particle speed.®
The advantage of present approach and study is to its suitability for dealing and determining the effect of kappa distribution on
EMIC waves in magnetosphere and determine the property of the plasma in magnetosphere. Electromagnetic ion cyclotron (EMIC)
waves are able to resonate with magneto spheric ions and electrons over a broad range of energies. The interactions lead to particle
pitch-angle scattering and energy diffusion. Electromagnetic ion cyclotron waves excitation source is provided by the anisotropic
pitch-angle distribution of ring current ions. Observations show that wave growth is favored at higher L-shell regions where the
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ratio of plasma to cyclotron frequency is larger [Anderson 1992]%. The aim of this study is to investigate the generation of EMIC
waves in magnetosphere and see the effect of kappa distribution in magnetosphere plasma.

1. Basic Trajectories
Taking the particle trajectory in the presence of EMIC waves, the dispersion relation, particle perturbed densities, energy, growth
rate and growth length is derived for different kappa distribution indicesx.
The left handed circularly polarized EMIC wave in cold magnetized plasma having angular frequency o is defined as.!*

When the system is commoving with the wave, the electric field vanishes. Thus the wave magnetic field has the form,
B =B,[cosK,z]x+B/[sinK_,z]y

()
Where
B, = Bcos(K_,zZ — «t)
B, = Bsin(K,,;,z — «t) @
Where the following conditions are valid,
wave __ lab _ ped)
= —z (24 Ot
\/ wave __ \y/ lab _ 7o
Thus the equation of ion motion in the wave is given as,
dv, .
L= Jrov, < BY) + (V< B)]
dt m;cC 4)
We take the cylindrical variables in velocity space as
Vi =V ,, CcOs &
Vi =V, ,;,sing
Vi. =Vin
Then the equation of motion is written as,
Vi =Vhio + é\/J_i
Viii =Vinio + SV ©

Where V r; initial values at t=0, Substituting eq. (4) in eq. (5) we find the following set of equations,

hVn[hQi (VLIiO —%Hﬂ
[KnViio — (@ —€))]
(KVinie — (@ —€2))0)]

é\/ﬂ =
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(6)
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W [V — (@0 — Q)]
(Ko — (@ —2))1)]

()
Where Z =Zy + Vi tand y = yo - ot and €=0 for the non-resonant and resonant particles.
I1. Density variation

We evaluate the density perturbation associated with the particle density, To determine the dispersion relation, Growth rate and
growth length with consider a kappa distribution and density distribution as.!

o hVJJQiKI_II:K(VHi)
I [KVi — (0 —€2;)]

=< [cos x — £ cos X, + st Asin(x — At)]

(8)
Where

X=KLZ —at —¥Y, A= (KnVn —(w—Q, ))
V. Distribution Function:-

To investigate resonant and non-resonant energies, growth rate and growth length, we chose the kappa distribution function of the
form as.*?

F V)=t 1) x[1+ Vi Vo, ] 7
7Z-/ZVJJV21—“ K/ZF(K_%) KV LNV

©)
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Where, « is the distribution index.
The distribution function of bi-kappa is used as;
1 I (x—+21)

F_QONg) = = > [ +
L s A G TS VT
VI_?i (a) _ Qi )2 ]—(K+l)
2
In equation (8) Vi and Vi are thermal velocity.
- _|x—352T.,
T _Li A~ mi
and
V2. | T % 2Ty,
T LIi K mi
The kappa distribution function;
2 _
2 (5 — 1 I (x+1) TdX(1+X4)”
~ e 2 2 F(K‘—%) il (xXx—<&0)
Where
o — 2,
s
KHVTHi
V. Dispersion Relation

We consider the cold plasma dispersion relation for the EMIC wave as.*?

2 2 2

k 4 e
C—;r — 1 4+ 7N o

@ m,; <2, (Qi — a)) (11)

Where

> AnN e?
Wy = —————
m;
The dispersion relation for electromagnetic ion cyclotron waves propagating in the direction of the external magnetic field in the
system consisting of ion, electron and the non-drifting of ion, consisting of resonant and non resonant particles participate in the
energy exchange with the wave. The cold plasma dispersion relation approximation is also a good approximation to the warm
plasma dispersion relation, provided that plasma CK/w >> 1
VI. Wave energy for EMIC waves by kappa distribution function as:

The perpendicular resonant energy and parallel resonant energy of the resonant ions are calculated by help of basic equation as.**
6.1 Perpendicular resonant energy

7282 (x+1) ANe® T, (-, (@—0) -
Wi =—=3-3 2 3, Al el 2
C"KjoKj P ZF(K_%)/THI m; T Q.

IT Y TITi

(12)
6.2 Parallel resonant energy

3 2 —x—1
W, = ;z/iBz 2 i F(K+l) 47z|\|0e2 T, [a)—Qij [1+ (a)_QZi)z}
C?’KAwKj KAF(K_ %)/m. m T, Q K V2.

(13)
VIL. Growth Rate for EMIC waves
The growth rate is obtained as-

Qiﬂ'% l—‘(/c—i—l) x[l— a)jTLi 1| 1+[ w — 2, jz
3
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Here it is noticed that x-Lorentz distribution has affected the growth rate through plasma densities and change in the energy for the
electromagnetic waves propagating parallel to the ambient magnetic field. The x-Lorentz distribution has been introduced as more
suitable for modeling magnetized.

Growth Length for EMIC waves
The formula for the growth length is obtained as-

'—Z%

]
7/a)pi

C*KE + 202, C2K O,
JC*KS + 402 CPKEQ,

— C?K[Q; +
(15)
Here, it is noticed that k has affected the growth length through the plasma particle densities as discussed for the electromagnetic
wave propagating parallel to the magnetic field.
Results and discussion

Following plasma parameter are used which are relevant for the auroral acceleration region for the numerical evaluation of the
dispersion relation, resonant energies and growth rate with the steepness of kappa distribution function. The characteristic of the
EMIC waves, we have used the parameter of auroral acceleration region.*

Bo=4300nT, Q=412sec? V11=2x10%m/

T/Ty=70 ,K;i=1-10x10%cm'?
w?; =1.732x10°sec™

value of « increases, then growth rate decreases low, at higher value of «, the wave growth rate has decreasing according to
increasing of «, which may be due to the wave particle.
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Fig.1(a) Variation of growth rate (y/0) versus wave vector K;;x10® cm™ for different values of particle density n at distribution
indices k=2. Fig.1(b) Variation of growth rate (y/w) versus wave vector Kyx108 cm™ for different values of particle
density n at distribution indices k=4.

Figure 1(a). Shows the variation of growth rate (y/w) versus wave vector K;x10-8cm* for different value of plasma particle density
n=1,2,3,4 at kappa distribution indices x=2. Here it is observed that increasing the value of particle density (n) as increases the
growth rate of EMIC waves with wave vector K;;. Thus the steep kappa distribution enhanced the wave emission of EMIC waves
in cold magnetized plasma. Figure 1(b) shows the variation of growth/damping rate versus wave vector K, cm for different value
of plasma particle density n=1,2,3,4 at kappa distribution indices k=4. Here it is observed that the effect of increasing value of
plasma particle density is to increases the growth rate. The effect becomes maximum at high density.
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Fig. 2(a) Variation of growth Length (Lg) versus wave vector K;x10® cm for different value of densities n, at distribution indices
k=2, and temperature anisotropy= 70.

Fig 2(b) shows the variation of growth length (L)
Versus wave vector K;x10%cm for different value of densities n, at distribution indices k=4, and temperature anisotropy=70.

Figure 2(a) shows the variation of growth length (L earth radius) versus vector K;x10%cm for different plasma particle density
n=1,2,3,4 at the kappa distribution indices k=2. In this graph we see that at high density growth length is less and by decreasing
plasma particle density n as the growth length is increases. At low plasma particle density, the growth length is high. Figure 2(b)
shows the variation of growth length (Lg earth radius) versus vector K;x10%m for different plasma particle density n=1,2,3,4 at
the kappa distribution indices k=4. In this graph also we see that at high density growth length is less and by decreasing plasma
particle density n as the growth length is increases. At low plasma particle density, the growth length is high.
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Fig.3(a) Variation of perpendicular resonant energy versus wave vector Ky (cm™) at kappa distribution indices k=2 for different
densities n=1,2,3,4. Fig.3(b)Variation of perpendicular resonant energy versus wave vector K;; (cm™) at kappa distribution indices
k=4 for different densities n=1,2,3,4.

Fig. 3(a) shows the variation of perpendicular resonant (W, erg cm) versus wave vector (K.x10-8cm™) for different plasma particle
density n=1,2,3,4 at kappa distribution indices k=2. It is observed that at lower plasma particle density n, perpendicular resonant
energy is high and at higher density, perpendicular resonant energy is low. Fig. 3(b) shows the variation of perpendicular resonant
energy (W erg cm) versus wave vector (K1x10-8cmt) for different plasma particle density n=1,2,3,4 at kappa distribution indices
k=4. It is observed that at lower plasma particle density n, perpendicular resonant energy is high and at higher density, perpendicular
resonant energy is low.
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Fig. 4(a) Variation of parallel resonant energy versus wave vector Ky x10-8 cm? at distribution indices k=2 for different densities
nand T=70. Fig. 4(a) Variation of parallel resonant energy versus wave vector K;; x10® cm? at distribution
indices k=4 for different densities n and T=70.

Fig. 4(a) show the variation of parallel resonant energy (W erg cm) versus wave vector (K;x108cm?) for different plasma particle
density (n) at kappa distribution indices x=2. Fig. 4(b) show the variation of parallel resonant energy (W, erg cm) versus wave
vector (Kix10-8cm?) for different plasma particle density (n) at kappa distribution indices «=4. and at temperature anisotropy 70.
Here it is observed that the effect of increasing the value of densities n, it is increases the parallel resonant energy Wy for the
particular value of k=2 and kx=4. The kappa distribution with plasma densities effect of the magnetosphere enhance the parallel
resonant energy by the EMIC wave in ion plasma. The heating is much more efficient when part of the wave energy is transfer at
the ion-cyclotron frequency since the waves and particles can then interact resonantly [Lund 1999]*°

Conclusions

In this paper we have studied the effect of kappa distribution function in the auroral acceleration region to discuss EMIC wave’s
emission. It is found that the effect of increasing the value off kappa distribution function to enhance the growth rate, growth length
and resonant energy of the EMIC waves and also density . Electromagnetic ion cyclotron waves behavior studies for may be of
importance in electromagnetic emission in the auroral acceleration region. The transversely accelerated ion’s and their association
with the EMIC waves in the auroral acceleration region have been recently reported by various workers in the analysis of FAST
satellite.
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