indian J. Phys. T8 (6), 495-504 (2004)

P,T 10 NA
&

IJP%

Particle aspect analysis of the electrostatic ion-cyclotron instability :
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Abstract

: Dispersion relation, resonant energy transferred, growth rate and marginal stability of the electrostatic 1on cyclotron wave (with

general loss-cone distribution function in low £ homogencous plasma) in the presence of upgoing 1on beam and downcoming electron beam are
discussed by investigating the trajectories of the charged particles The wave is assumed to propagate obliquely to the static magnetic field. The
whole plasma 1s considered to consist of resonant and non-resonamt particles. It is assumed that resonant particles participate in energy exchange
with the wave whereas non-resonant particles support the oscillatory motion of the wave. Effects of the sieepness of the loss-cone distribution and
son and clectron beam velocitics on resonant energy transierred and growth rate of the instability are discussed. It is found that the effect of upgoing
1on beam 1s to stabilize the wave and enhance the transverse acceleration of 1ons whercas the downcoming electron beam acts as a source of free
energy for the electrostatic ion-cyclotron wave and enhances the growth rate. Effect of steepness of loss cone is also to enhance the growth raie and
decrease the transverse acceleration of ions. The results are interpreted for the space plasma parameters appropnate to the auroral accelcration

region.
Keywords
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1. Introduction

The electrostatic ion-cyclotron (EIC) instability has been
of considerable interest to plasma physicists since the
instability appears in almost all types of magnetized
plasma and under a variety of physical conditions ranging
from fusion and laboratory experiments to space plasma.
The EIC waves are of great importance in the auroral
topside ionosphere as these waves can be excited for a
wide range of ionospheric parameters [1]. These waves
are one of the most important plasma wave modes in the
near-earth space plasma environment as well. The EIC
wave requires a smaller value of magnetic field aligned
current to be unstable [1], can act as an ion heating
source (2] and provide anomalous resistivity [3]. Because
of these properties, it has been invoked in explanation of
various phenomena observed in earth’s auroral acceleration
region e.g. observation of wave activity m the ion

'Comsponding Author
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cyclotron range of frequencies, strong transverse heating
of heavy ions [2], ion-conic formation [4], generation of
broad band extremely low frequency waves [S] and ion-
acoustic like waves [6], inverted-V structures in
magnetosphere-ionosphere coupling [7,8] and various
cffects.

Plasma wave measurements from S3-3 satellite,
sounding rocket, backscatter radar have observed EIC
waves at a broad range of altitudes, which include low
altitude ionosphere (300-600 km) [9], topside ionosphere
(~900 km) [4] and higher altitudes (2600 km). Recently,
a polar satellite traversing the northern auroral region at
altitudes of about 30000 km, has observed EIC waves in
the perpendicular field [10]. The same satellite has also
observed local EIC waves in a region containing
perpendicularly heated ion distribution, in the auroral
zone, in the magnetosphere and at lower altitudes. Recent
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observations by the FAST satellite also indicate existence
of EIC waves in the upward current auroral region [11].

Ton and electron beams have been observed over a
wide region associated with the whole auroral oval. Over
the last decade, it has been established that auroral
luminosity is due to the impact of an accelerated electron
beam coming towards the ionosphere and at the same
event, an ion beam moving towards the magnetotail |12].
Laboratory experiments on EIC turbulences showed that
ion heating results in a low-density warm core surrounded
by a denser hot ion cloud. Therefore, high-level ion-
cyclotron turbulence can be sustained in a core of ion
gyro-radius scale. Thus, it is possible for an unstable
field aligned current to produce fine structures in an
unstable field aligned region and lead to the formation of
auroral arcs embedded in the inverted-V precipitation
region.

The parallel potential drop along the auroral field
lines may lead to the downcoming electrons and up-
flowing ion beams. Plasma wave measurements from the
various satellites like Hawkeye-1, Imp-6, DE-1, DE-2,
Viking etc show that a broad region of intense plasma
wave turbulence occurs in the region of the field aligned
current on high latitude auroral field lines at altitudes
above few thousand kilometers during the periods of
substorm activity [13]. Observations have shown the
presence of ion and electron beams in the plasma sheet
boundary layer [14]. Recent observations by the Polar
satellite also indicate upgoing ion beams and downcoming
accelerated electrons in the low altitude boundary and
high altitude of auroral acceleration region [15].

Recently, Mozer and Hull [15] have studied upgoing
ion beams and downcoming electron beams in the low
altitude boundary and high altitude of auroral acceleration
region using the data obtained from a Polar satellite. In
the present work, we have utilized their data to study the
interaction of ion and electron beams with EIC waves
and hence the auroral acceleration phenomena.

Collisional effects on the EIC instability in a dusty
plasma have been carried out by Bharuthram et al [16).
Simulations of ion-cyclotron mode in magnetoplasma with
transverse inhomogeneous electric field for Maxwellian
plasma have been carried by Ganguli [2]. Gavrishchaka
et al [17] studied the EIC mode in a two ion component

plasma with transversc velocity shear. The behaviour of
multicomponent anisotropic plasma in a magnetic flyx
tube in the presence of current driven EIC turbulence g
studied by Zakhrov and Meister [18].

In most of the theoretical work reported so far, the
velocity distribution functions have been assumed to be
cither ideal Maxwellian or bi-Maxwellian [2,16-18),
ignoring the steep loss-cone feature. Plasma in mirror like
devices and in the auroral region with curved and
converging field lines, considerably depart from
Maxwellian distribution, and have steep loss-cone
distribution [19]. In the present work, for the first time,
the general distribution function is used to study the ‘EIC
waves in the presence of ion and electron beam. The
present analysis is based on Dawson’s theory [20] of
Landau damping, which has been further extended by
Terashima [21].

In the present work, the particle aspect analysis of the
EIC wave has been studied by incorporating the details
of particle trajectories in the presence of upgoing ion
beams and downcoming electron beams and the general
distribution function. The advantage of this approach is
its suitability for dealing with auroral electrodynamics
involving the current system, acceleration and energy
exchange by wave-particle resonant intcraction. The method
is more accurate than the MHD approach in dealing with
finite gvro-radius effects and temperature anisotropies.

2. Basic assumptions

The basic assumptions are the same as in earlier work by
Terashima [21]. The plasma is considered to be
homogeneous and collisionless consisting of resonant and
non-resonant particles. The ions are supposed to have
unit charge. The wave is considered to be propagating
obliquely to the static uniform magnetic field B, that is
along the z-direction. The non-resonant particles support
the oscillatory motion of the EIC wave while the resonant
particles participate in energy exchange with the wave.
An EIC wave is assumed to start at
t = 0 when the resonant particles are not disturbed. The
trajectories of particles are then evaluated within the
framework of linear theory. Using the particle trajectory
in the presence of EIC wave, the dispersion relation and
the growth rate is derived for different distribution indices.
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The wave is assumed to have the form
K|E, k = (ki,0kp), E = (E,0,E)
with
E(r)t) = Ecos((kux + kz — wt),
E(r.t) = kEcos((kux + kg - wt), )

k,
K =(—LJ<1.
ky

The amplitudé E, is a slowly varying function of ¢ i.e.

1 ( dE,
— — |<<®.
E \ dr

In the present analysis, the EIC instability in the system
of hot electrons and hot ions is considered under the
condition {21]

w ~ I'Qh

and
klpe? <<kip? ~1, )

where V. is the thermal velocities of the ions and
electrons respectively along the magnetic field, £2 is the
gyro-frequency of the ion £ = 1, 2,.....\ ..... represents the
harmonics of the wave, p,, is the mean gyro-radii of the
ions and electrons respectively @ represents the wave
frequency, & and k, are the components of the wave
vector along and across the magnetic field respectively.

3. Particle trajectories and velocities

In the present mathematical analysis the procedure adopted
by Terashima [21] is followed. The equation of motion of
a particle is given by

e

where symbols have their usual meaning.
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If E is considered to be a small perturbation, velocity v
can be expressed in terms of unperturbed velocity V and
perturbed velocity #. The perturbed velocity u is
determined by

400
% = EE‘E—'- g J, (y)cos(/\,,t +¥? ).

du gE,
. 1 4. - 1 0
~: —d-t—+l.Qu_,_ = 721"(u)c0s(/\,,1 +¥, ), @)
whcref;u L = u, + iu, represents the perturbed velocity in
transvérse direction and i represents the perturbed velocity
in pargllel direction. The basic trajectories are the same
as derived by Terashima [21]. The resonance criteria is
given by

AVi=V) =KV, - o+ £82 =0; € =21, £2,..,

where V, is the resonance velocity of the particles and the
particles with parallel unperturbed velocity 'Vy' near to

(D-E.Q,-
ky
case, are the ions. This resonance condition means that

V, = are the resonant particles which in this

for ions, the wave appear to be independent of 'f' in the
particles frame, J(4) and J{u) are Bessel's functions
which arise from the different periodical variations of

charged particles trajectories and u = k})"l . The term

i
represented by the Bessel's function indicates the reduction
in the field intensity due to finite gyro-radius effect. The
oscillatory solution of u(f) is given by

u (ra’)=l€l’i"n(”)ijl(”)l —/‘"—"—Sinxnl
’ m <= - -9}

s . 5 .
—E—X;;sm(x,,, - 2A,.+|t)— 2 Aﬂ_;sm(xu —2A, ¢ )] ,

gE, « Q
u,(r,r)=~-;niZ{n(u)ZJ,(u>l 7 008 n
= =~ —4é

A

)
24,

o
2 ntl

cos(znt - 2A-+l‘)"

c08 (e ~ zm-,:)],
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_ gKE, +o0 400 _1—
U (rot) = ——;J”(u);h(m e
[sin 2, =8 sin (X, — A2)] (6)
where x,, =kr-wt+(n-£)(82;t-6), ™

d = 0 for non-resonant particles and 6 = 1 for resonant
particles.

4. Density perturbation

To find out density perturbation associated with the
velocity perturbation u(r,f) we consider the eq.

dn

-d—' ==-NV)(Va). ®
Expressing the R.H.S. of eq. (8) as the function of ¢ and
the initial parameters and integrating eq. (8), we get
ny(r,t), the perturbed density for the non-resonant and
resonant particles as

ny(r,1) = 21 (u)}:l,(m
2
ky . .
A _[3—'-2 + KAZL, [$in Xne » )]

ENK 2k, & <
men =TS L Y T

[sin x,, = sin(x,, - At)- Aytcos(x,, - At)]  (10)
provided that w ~ ££,
and
2 A2 2
R LR I . )
k| |A2-QF @

5. General distribution function

To calculate the dispersion relation and growth rate, the
general loss-cone distribution function of the following
form [19] is used

N(}’.V)=No{1‘{)‘+2V23"J}f1("1)fi(v|), (12)

VZJ V2
LV =—; exp{- é}

Vet o Vi

and f(V}) is defined by the drifting Maxwellian

expi{- (V"
Vi

where N, is the background plasma density, € is a smal|
parameter of the order of inverse of ‘density gradient
scale length’, J = 0, 1, 2,....... is the distribution index,
also known as the steepness of the loss-cone. For J = (),
this distribution represents a bi-Maxwellian distribution
and for J = oo, this reduces to Dirac-Delta function. V;;
= (J + 1)'(2T/m) are the squares of parallel and
transverse thermal velocities with respect to the external
magnetic field. Index ‘J° characterizes the width of the
loss-cone. Moreover, fi(V,) is peaked about J'2Vy, and
has a half width of AV, ~ J-'2/Vy,. V,; defines the beam
velocity of the particles and subscript j stands either for

1
iV = N (13)

electrons or ions.

6. Dispersion relation

Applying the charge neutrality condition #; = #,, where
;. are the integrated perturbed densities for the non-
resonant particles, and using egs. (9) and (12), we obtain

1
k.l.dﬂe

(14)

]-{5— sin(kr -at),

klx a)

== lw- k,v,,,)-m,

] <J ¢ >—€—s1n(kr of),

(15

4Mo¢

where @}, =
and (/7)= j' 2V, dV, JF () 1, (Vy)

{ Kip? }, (klp,

(16)
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12,2

where 14 is modified Bessel function.

The Debye length ‘dj,’ corresponding to mean parallel
cnergy is given by

Ty,
a2 =—k- a7

m,wp,
Using the Poisson's equation

V.E =k, (1+Kk%)E sintkr —ax)=4n (7, -7,)  (18)

and perturbed ion and electron density n,and #,, the
dispersion relation is obtained as

~

1 1 .2\

1+ —
1+x? | xid;,

1+x?

Cl)2

t=l<(E+IH>=1-(J+Db; <y +J,)* >

klpl .

= 1--]2-(1 + Db, b, (20)

For J = 0 and V)p; = 0, this despersion relation reduces
to that given by Terashima [21].
7. Calculation of energy and growth rate

The wave energy density 'Wy,' per unit wavelength is the
sum of pure field energy and the changes in the energy

AW}
of the non-resonant particles ie. Wy -—é-;‘—+w +W,,

which comes out to be

We = Aw,’ L OE
W =
16“ .’K“”"IVDJ )“ “2:}
2172 2 AEE[ 1
+—| —— 21
xXK <Jl_]+J1+|) l&t[kidﬁ f ( )
where
2
<(’e-l +J ) 22

<Jl2-l +112+1>
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Here, the ions contribution is dominant unless kfduzg. <l].

The transverse energy and parallel energy of the
resonant ions are calculated to be

w20 @h | o )R
" 8 )| Q7 | iV |V2r
2
e V(@ ’
kexp kllvlhl @,
-9
1 w Ty;
x:(-’t—n*’"m 1 0, —ﬁ- (23)
;
w A 9.:_' o | S
1 L 8 .Q kuVﬂ“ 2
2
ex 1-—— O 1,
P72 MV o,
_a,
! W, Ty,
<("l—l+'ll+l) @L‘ T, (24)
w;
where w, = @ - kVp;
Using the law of conservation of energy
d
— Wy +W,)=0. (25)
dr
The growth rate is derived as
- dE. 26)
En
dwi, __ dw,
Also =2 >> A @7
dt dt
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Hence, the growth rate defined in eq. (26) is given by

v JE o ), Y
(l) 2 k"Vm (U,-

2
R ETR RN M
X exp 2 IcuV,h, w" e_'gl_ Tif '

(28)
where £ =1, 2, 3........ is to be substituted and R is given
€q. (22). Here it is to noted that J and the beam affects
the growth rate. For J = 0 and V), = 0, the result is the
same as derived by Terashima [21].

8. Marginal instability

For the marginal unstable condition y = 0, we then arrive
at the result

. Ty
Vpi = f_'Q_',} —[i]]—g)_

which shows that ion beam may be a source of EIC wave
generation besides the temperature anisotropy and the
steep loss-cone. When both T,/Ty; and R are greater than
unity and @ < £2, wave generation by ion beam is
possible. For the plasma parameters mentioned in the
result and discussion and @ = 309 s°!, the estimated
value of Vp, for the wave generation in the auroral
acceleration region is of the order of 10° m/s which is in
accordance with the observations on the auroral field
lines [15].

(29)

9. Results and discussion

In the present analysis, the expressions for the dispersion
relation, resonant energies and growth rate are derived in
the presence of an upgoing ion beam, downcoming electron
beam and the steepness of the loss-cone index. The
following parameters relevant to the auroral acceleration
region [10,15] are used to evaluate the dispersion relation,
resonant energies, and growth rate :

By=4300nT at 1.4 Ry, 2, =412 s, £=1,A=300m,
E, = 50 mV/m, a,}/2} = 2, b, = 0.1, ky = 0.00002 m!,
T/Ty = 50 and £2¢ = 10.

The effect of ion beam velocity (Vj,) and distribution
index (J) on the growth rate and the resonant energies

transferred, is depiced in Figures 1, 2 and 3. Figure |
depicts the variation of growth rate (¥/w) with that way
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Figure 1. Variation of y/w with a¥£2; for different values of Vp and J.
[Series-1 : J =0, Vp; = - 100000 mvs; Scrieg-2 1 J =0, Vp = - 200000 nvs:
Series-3 : J = (), Vp; = - 300000 m/s; Series4 : J = 2, Vp, = - 100000 m/s;
Series-5 : J = 2, Vp, = - 200000 m/s; Series-6 : J = 2, Vp; = — 300000 m/s;
Series-7 : J = 4, Vp, = - 100000 m/s; Series-8 : J = 4, V), = = 200000 m/s;
Series-9 : J = 4, Vp, = — 300000 m/s].

frequency (a/$2) for different valus of ion beam velocity
(Vp:) at constant electron beam velocity and distribution
index ‘J° for the first harmonic of the ion cyclotron
wave. It is assumed that the ion beam is directed from
the ionosphere towards the magnetotail and therefore, the
ion beam velocity is negative. It is observed that the
effect of increasing ion beam velocity is to reduce the
growth rate that may be due to the shifting of resonance
condition. The effect of higher distribution index is to
enhance the growth rate. Thus, the mirror like structure
of the magnetosphere with a steep distribution index may
be unstable for the EIC wave emission. It is also observed
that the growth rate decreases with the increasing values
of a¥$2 which may be due to the shifting of the resonance
condition. Hence, the wave energy is being transferred to

the particles.

Figure 2 shows the variation of transverse resonant
energy (Wry), in joules, with the wave'k‘ﬁ'equency (/$2)
of the wave for different values of V), and ‘J° at constant
Vi, for the first harmonic of the ion cyclotron wave. It is
observed that the effect of increasing V), is to increase
the transverse resonant energy. Thus, the perpendicular
acceleration of charged particles is possible through the
ion cyclotron wave at the cost of ion beam energy. The
effect of increasing distribution index is to decrease the
transverse resonant energy. Thus, the steep loss-cone
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Figure 2. Variation of Wr, with a¥(2, for different values of Vp, and J.
(Series-1: J = 0, Vpy = ~ 100000 nV's; Series-2 : J = 0, Vi = — 200000 m/s;
Senes-3 : J = 0, Vy = — 300000 nvs; Series-4 : J = 2, Vp; = ~ 100000 mv/s;
Senies-5 ¢ J = 2, Vy = — 200000 mv/s; Series-6 : J = 2, Vp; = — 300000 m/s;
Senes-7 : J =4, Vpy = — 100000 m/s; Series-8 : J = 4, Vp, = — 200000 n/s;
Senes-9 : J = 4, Vp; = = 300000 m/s].

distribution of the magnetosphere stabilizes the transverse
jesonant energy. It is also observed that Wr, increases
with the increasing values of @/£2. The increase in heating
of the particles by the ion beam is supported by the
decrease in growth rate, as the wave energy is being
wansferred to the particles by the resonance interaction

process.

Figure 3 depicts the variation of parallel resonant
encrgy (Wrp) in joules, with wave frequency (a/€2) for
different values of Vy; and for the increasing values of
the distribution index at constant Vp, for the first harmonic
of the ion cyclotron wave. Here, it is observed that Wr
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—o— Seories3
1 00R.0s| - &~ Seresd
- @ — Senes5
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HK)I-ABI -- @ - -Series7
-- 0 --Seriesd
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lf
Ygure 3, Variation of Wry with &/, for different values of Vyy and J.
Yenies-1: J = 0, Viy = - 100000 m/s; Series-2 : J = 0, Viy = — 200000 mv/s;
enes-3: J =0, Vpy = ~ 300000 m/s; Series-4 : J = 2, Vpy = — 100000 m/s;
cres-5: J = 2, Vpy = - 200000 m/s; Series-6 : J = 2, Vpy = — 300000 m/s;
es-7 2 J = 4, Vi, = - 100000 m/s; Series-8 : J = 4, Vp, = — 200000 m/s;
cries-9 : J = 4, Viy = — 300000 mv/s).
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decreases when @ < £2, becomes minimum when 2, ~o,
and for @ > £2, Wry increases i.e. for w < £ the parallel
energy is being transferred for perpendicular energisation
and the wave energy is being transferred to the parallel
resonating particles only for w > €. For w > £, effect
of Vp, is to increase the parallel resonant energy. Thus,
the heating of resonant ions parallel to magnetic field
may be eﬁhanccd by the ion beam. The effect of increasing
values of the distribution index is to decrease the parallel
resonant @ergy. Thus, the steep loss-cone distribution of
the magn;btosphere stabilizes the parallel resonant energy
of the EIF wave,

The cﬁcct of electron beam velocity (Vp,) at constant
Vp, and t‘e distribution index on the growth rate and the
cnergy transferred for the first harmonic of the wave, is
depicted in Figures 4, 5 and 6. Figure 4 shows the
variation of growth rate with wave frequency for different
values of Vj, and J. It is observed that the growth ratc
increases with the electron beam velocity which may be
due to the shifting of resonance condition. Since the EIC
waves have a finite wave number component along the
magnetic field, the electron beams streaming along the
magnetic field may destabilize them. However, very high
electron beam velocity leads to saturation of instability
and the growth rate is slightly affected by the increase of
the beam velocity. This may be due to the fact that the
beam velocity slightly above the phase velocity of the
wave, is most effective in its interaction with the wave in
the resonance condition. The effect of J is also to increase

1.00E+00
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1.00E-02
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-- 0 - -Serless
.- 0 - -Series9
00E-04
09 091 092 093 094 095 096 097 098 099 1 101

wlQ
Figure 4. Variation of y/@ with @/, for different values of Vp, and J.
[Series-1 : J =0, Vp, = 1000000 mVs; Series-2 : J = 0, Vp, = 2000000 m/s;
Series-3 : J = 0, Vp, = 3000000 m/s; Series-4 : J = 2, V,,, = 1000000 m/s;
Series-5 : J = 2, Vp, = 2000000 mV/s; Series-6 : J = 2, Vp, = 3000000 m/s;
Series-7 : J = 4, Vp, = 1000000 m/s; Series-8 : J = 4, Vj, = 2000000 m/s;
Series-9 : J = 4, Vp, = 3000000 m/s].



502 Ruchi Mishra and M S Tiwari

1.00E-01

1.008-02

1.00E-03

1 00E-04
06 07 08 09 1 1.1 1.2 1.3 14
wisd

Figure 5. Variation of Wry with «/$2, for different values of Vp, and J.
[Series-1 : J = 0, Vi = 1000000 m/s; Series-2 : J = 0, Vp, = 2000000 m/s;
Series-3 : J = 0, Vp, = 3000000 m/s; Series-4 : J = 2, Vp, = 1000000 m/s;
Series-5 : J = 2, Vp, = 2000000 nVs; Series-6 : J = 2, Vp, = 3000000 m/s;
Series-7 : J = 4, Vp, = 1000000 m/s; Series-8 : J = 4, Vp,, = 2000000 nv/s;
Series-9 : J = 4, Vp,, = 3000000 m/s).
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Figure 6. Variation of Wn with a/ 2 for different values of Vp, and J.
[Series-1 : J = 0, Vp, = 1000000 m/s; Series-2 : J = 0, Vp, = 2000000 nvs;
Series-3 : J =0, Vi, = 3000000 m/s; Series4 : J = 2, Vp, = 1000000 m/s;
Series-5 : J = 2, Vp, = 2000000 m/s; Series-6 : J = 2, Vp, = 3000000 nvs;
Series-7 : J = 4, Vp, = 1000000 nvs; Series-8 : J = 4, Vp, = 2000000 nvs;
Series-9 : J = 4, Vp, = 3000000 m/s].
the growth rate as is discussed earlier. Figure 5 shows the
variation of Wr, (in joules) with wave frequency for
different electron beam velocity (Vp,) at constant V), and
J. The effect of Vp, is to reduce Wr, that may be due to
the ion cyclotron interaction. Wr; decreases with increasing
J as discussed earlier. From-Figure 6, it is observed that
Vp. shows reducing effect on Vry (in joules) which
decreases with J also, as discussed earlier. The reduction
is transverse and parallel energy by the electron beam
velocity (Vp,) is supported by the increase in the growth
rate, as the particle energy is being transferred to the
wave by the resonance interaction processes. Thus, the
wave may be generated by extracting energy from the

resonant particles in the presence of the electron beam.

Thus, the electron beam acts as a source of fre,
energy for the EIC waves. It modifies the wave-partice
resonance condition and leads to weakening of Landay,
damping effects and enhances growth rate. The waye
extracts the electron beam energy through its electric
field directed parallel to the magnetic field. However, the
effect of the ion beam is to reduce the growth rate of the
wave but to increase the transverse acceleration of the
ions. The results are consistent with the findings of Singh
et al [22], Sugawa and Utsunomiya [23] and Hwang ang
Okuda [24] and rocket and satellite observations.

The effect of distribution index is also to increase the
growth rate of the wave but to decrease the transverse
acceleration of the ions. The destabilizing effects duc to
the steep loss-cone on different instabilities have also
been reported by various workers [19,25]. The steep loss-
cone structures are analogous to mirror-like devices with
higher mirror ratio that may accelerate the charge particles
moving perpendicular to the magnetic field. Thus, more
energetic particles may be available to provide energy to
the wave by wave-particle interaction.

EIC waves are often detected in the inverted-V
structures of the auroral acceleration region [7,8]. Recently,
a FAST satellite has observed intense EIC wave
turbulences upto 1000 Hz in association with ion and
electron beam in the upward current auroral region [11].
Coherent ion cyclotron waves with amplitude upto 50
mV/m in association with upgoing ~1 keV ion beam and
downgoing ~ 800 eV electron beam, have also been
observed recently by a Polar satellite in the auroral zone
[10]. Local ion cyclotron with frequency ~100 Hz
association with downgoing electrons (< 100 eV) and
upflowing ion beams have also been observed by the
same satellite in an upward field aligned current region.
The same Polar satellite has also observed local hydrogen
ion cyclotron wave of amplitude 500 mV/m in association
with upward 1 keV accelerated ion beam and downward
5 keV accelerated electron beam at lower altitudes. EIC
waves of frequency ~105 Hz in association with upgoing
jon beam of 2 keV energy and downcoming electron
beam of 1 keV energy have also been observed in the
magnetosphere by the satellite [10].

The results obtained may be useful to study the
electrodynamics of the auroral acceleration region. The
EIC turbulence has been considered as a possible sour®
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of anomalous resistivity. When the instability occurs, the
ficld energy grows exponentially; therefore, the loss of
kinetic energy of electrons is also exponential and the
current carried by these electrons is suddenly disrupted
[3]. Such instabilities can produce anomalous resistivity.
Recently, transversely accelerated ions and their association
with the ion cyclotron waves at altitudes upto few thousand
kilometers has been reported by the analysis of the Freja
satellite data [5]. The anomalous resistivity produced by
the EIC wave leads to an anomalous version of the Joule
heating effect in the topside ionosphere or lower
magnetosphere and transfer of energy occurs from the
EICI to ion thermal motion. Owing to this heating in this
cyclotron motion, the total energy of the ions rapidly
increases and this becomes subject to the gradient B or
mirror force by means of which they are ejected for the
perpendicular energisation. The process of perpendicular
jon cnergisation gives rise to ion distribution, which are
known as transverse acceleration of ions (TAI). The ion
beam enhances the heating rate of TAI whereas the
electron beam and the steep loss-cone controls the heating
rate of TAI through the EICI in the presence of ion and
clectron beams in the auroral acceleration region and
transfers this energy to the wave via inverse Landau
damping. Recently, a Polar satellite has observed EIC
waves in the auroral acceleration region containing ion
conics [10]. EIC wave heating is one of the major
candidates for ion conic formation. The ion conic
distributions have been interpreted as resulting from
perpendicular heating of ions at low altitudes followed by
parallel upward adiabatic motion due to the magnetic
mirror force. The turbulent resistivity produced by EIC
instability allows parallel electric field to develop along
the parallel field lines. This parallel electric field may
lead to upflowing ion beam and downcoming electron
beam which may generate the EIC wave.

Recent observations by the Viking [13] and the Freja
satellite [5] indicate that EIC waves and the ion and
tlectron beams in the plasma sheet boundary layer give
rise to broad band extremely low frequency (BB-ELF)
instabilities [14]. BB-ELF emissions are extremely low
frequency electric and magnetic field fluctuations observed
5] in the range 1 Hz~3 kHz. These emissions have been
detected within regions of auroral inverted-V electron
Precipitation at a few 1000 km altitude as well as in the
Mmagnetospheric tail at several earth-radii, in the
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magnetospheric day side cusp/cleft and in the topside
auroral ionosphere from altitudes of a few 100 km to a
couple of 1000 km. Gyro resonant heating by these
waves around the gyro-frequency also gives rise to intense
events of transverse acceleration of ions [S]. At least at
altitudes from 1000 km up to several 1000 km, most of
the ion energisation is associated with BB-ELF waves.

The :EIC turbulence plays an important role in the
loss-corie current-potential relationship. It leads to spatial
variatioﬁs in the double layer potential and thereby
producep thin auroral arcs embedded in inverted-V
precipitgtion [7,8]. It has also been suggested that the
loss-cone effect can enhance the anomalous resistivity for
a given turbulence level. Since the steep loss-cone
distribution in the presence of EIC wave and the electron
beam enhances the growth rate, the anomalous resistivity
and transport resulting from this instability is likely to
play crucial role in the auroral acceleration region. The
equilibrium dipolar magnetic field of the earth is curved
in the meridinal plane and introduces loss-cone effects in
the particle distribution function [19]. Thus, the behaviour
studied for the EIC wave may be of importance in the
electrostatic emission in the auroral acceleration region.

In most of the theoretical work, the velocity distribution
functions have been assumed to be ideal Maxwellian
12,16-18], although most turbulent heating experiment
have been done in mirror like devices which in general
allow non-Maxwellian, particularly loss-cone distribution.
The theory developed in the present work may be
applicable to such hot particle mirror experiments. Single
particle theory may be able to explain some of the
plasma phenomenon that other theories may not.
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