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ABSTRACT

Observations from many spacecrafts have established the presence of low-frequency electric
field fluctuations (LEF) in the'regions of magnetospheric flow boundaries like magnetopause,
plasma sheet boundary layer, polar cusp/cleft and the auroral region. It is shown that in the
presence of cold background electrons, a low freqency electrostatic instability can be excited
on the auroral field %ines by the upward moving ion beams. For typical auroral plasma
parameters the instability can generate LEF in the frequency range of 10~2 Hz to about 60
Hz. The low frequency waves propagate nearly transverse to the auroral field lines, and can
amplitude ~ 10 mV/m to as high.as 1 V/m.

On the other hand, ion beams observed in the plasma sheet boundary layer and in the polar
cusp have sufficient velocity shears to drive ion cyclotron instabilities propagating nearly
transverse to the magnetic field Bo. In the plasma sheet boundary layer, LEF generated
by the velocity shear instabilities have frequencies in the range from 0.4 Hz to 4 Hz with
wavelengths ~ 30 km to 400 km. In the polar cusp, these velocity shear instabilities can
excite braodband LEF with frequencies varing from 2 Hz to 35 Hz.

INTRODUCTION

Several spacecraft namely OGO 3, IMP 6, Hawkeye 1, $3-3, GEOS 1 and. 2, Viking etc.
have observed the low-frequency electric field fluctuations (LEF) with frequencies ranging
from essentially zero to a few kHz in different regions of the Earth’s magnetosphere, e.g.,
magnetopause [1, 2], plasmasheet boundary layer [3, 4], polar cusp (5, 6], dayside auroral oval
[7], auroral field lines at altitudes of 6000 - 12 000 km [8, 9, 10, 11], and ring current region
(12, 13]. Generally, the noise at the lowest frequencies is prodominantly electromagnetic in

nature, whereas the fluctuations at the higher frequencies are mostly electrostaic in nature
[6, 12, 14, 15 - 18].
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Various mechanism have been proposed to explain the generation of LEF observed in
different regions of the magnetosphere. These mechanisms had been usually motivated by the
correlation of the low-frequency noise with currents, density gradients, ion or electron beams,
velocity shears etc. Huba et al. [19] discussed lower hybrid drift (LHD) instability to explain
the broadband electrostatic noise, observed by Gurnett et al. [4], in the magnetotail region .
Gary and Eastman [20] proposed LHD instability as a possible candidate for the generation
of LEF at the maguetopause. Coroniti [21] and Lakhina [22] have shown that, in the ring
current region, a quasi-electrostatic instability driven by the loss-cone distribution of protons
can produce LEF. Bhatia and Lakhina [23] have suggested a drift loss cone instability in the
ring current and plasima sheet region as a possible mechanism for the LEF| observed beyond
plasmapause. Grabbe and Eastman [24], Ashour- Abdalla and Okuda [25], Dusenbury and
Lyons [26] and Omidi [27] have explained the generation of broad band elctrostatic noise by
the ion beam instabilities in the plasma sheet boundary layer. On the other hand Lakhina
[28] has suggested the ion velocity shear instabilities as a possible mechanism for the LEF
in the plasma sheet boundaty layer as well as in the cusp region. Temerin [8] suggested that
apparent frequency range of LEF in the spa.ceéra.ft reference frame is the result of Doppler
shifted zero frequency turbulence. Ion-ion two-stream instabilities, where the free energy for
the modes comes from the relative streaming between two ion species, have been invoked to
explain the low-frequency electrostaic noise observed on the aurotral field lines (29, 30, 31,
32]). Recently Lakhina [33] has shown that precipitaing electrons and upward-moving ion
beams can excite LEF on the auroral field lines.

In addition to the above linear instability mechanisms, several nonlinear methods have
been suggested for the generation of LEF in the magnetosphere. To cite a few, Bell and
Ngo [34] explained the spectral broadening of the 13.1 kHz Omega transmitter signals in
terms of the generation of sideband elctrostatic waves (sim 130 Hz) during the scattering
of elctromagnetic waves from density irregularities. Shukla and Bujarbarua [35] suggested
that the upper hybrid waves can excite ELF fluctuations at the plasmapause by a parametric
instability process. Roy and Lakhina [36] have shown that the parametric instability of lower
hybrid pump waves can generate low frequency modes either at zero frequency or at the ion
cyclotron frequency on the auroral field lines.

In this review, we shall discuss only those generation mechanisms for the low-frequency
electric field fluctuations which involve energetic ion distributions or beams. There are several
ohservations indicating the presence of energetic proton and heavier ion distributions in var-
ious regions of the magnetosphere. These energetic protons have, generally, non-Maxwellian
distributions which can drive several plasma instabilities. Particle data from Explorer 45,
AMPTE/CCE, GEOS 1 and 2, and other spacecrafts clearly indicate the presence of hot
nonthermal proton distributions in the ring current region (19, 37 - 39]. Energetic ion dis
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tributions have been observed on the auroral field lines, in the cusp/cleft region and in the
plasma sheet boundary layer [9, 40 - 45]. Low-frequency electric field fluctuations driven by
energetic ion beams can attain quite large amplitudes and therefore can lead to significant
scatterring, heating and acceleration of the ions and electrons.

COLD ION BEAM INSTABILITIES

We shall discuss the generation of low frequency electrostatic modes (i.e., n = 0 Bernstein
modes) driven by cold ion (H*) beams moving upwards along the auroral field lines. The
presence of cold background electrons plays an important role in this generation mechanism.
The generation mechanism discussed here is conplementary to the ion- ion beam instability
mechanism. For simplicity we consider only a single ion (i.e. H*) beam only.

Let us describe the plasma in the auroral acceleration region by a simple model consisting
of only three species [33]:

(1) hot electrons in the kev energy range, which are precipitated from either the ring
current or plasma sheet region, with terilperature Ty and density Ny, (2) cold background
electrons with temperature T¢ and density Ng, (3) an ion beam (say Ht or Ot moving
upward away from the earth along the auroral field lines with drift speed U;, temperature T;
and density N;. The geomagnetic field will be considered as uniform, and pointing upwards
along z - direction, i,é.,Bo = By3. The distribution functions for the hot electrons and the
cold electrons are taken as Maxwellian. The distribution function for the ion beam would be
taken as drifted Maxwellian. The system is considered to be charge neutral in the equilibrium
state, i.e.N; = N¢ + Ny.

We shall discuss the low frequency electrostatic waves (i.e. n = 0 Bernstein modes) under
the following assumptions :

(i) The wave frequencies ate such that the condition |w — kU;|> << €2 is satisfied for
each species. Here w is the wave frequency, Q; = (e; Bo/mjc) is the gyrofrequency of the jth
species, where j = H for hot electrons, C for the cold background electrons, and i for the

ions.

(i1) The waves propagate nearly transverse to magnetic field i.e., kﬁ << k? where kj and
k, are respectively the parallel and perpendicular component of the wave vector k.

(iii) The condition p,; = (w — kyU; — nQ;)/2"/2kyV;; >> 1 is satisfied for all species for
n > 1. Here V;; = (Tj/m;)!/? is the thermal speed of the jth species.

The dispersion relation for the low frequency electrostatic waves under the assumptions
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(1) to (iii) is given by [30, 33, 46]:
14+ Xy + X+ Xi =0, (1)

where 2

XJ' kz 2 [1 * F(’\ )ﬂDJ Z(ﬂo,)], (2)

where wy; = (47 Nje?/m;)? is the plasma frequency, and I'(};) = Io(A;)e™*, where Io(};)
is the modified Bessel’s function with the argument A; = (k% V;2/92). To solve the dispersion
relation we make an additional assumption, namely

(iv) We treat the background electrons and the ion beam as cold i.e.,u3; > 1 and p3, > 1,
and the precipitating electrons as hot i.e., oy <1 .

We shall discuss the fluid (nonresonant) instabilities driven by the ion beam. Let
w = wy + 17, where w, and 4 represent respectively the re:al frequency and the growth rate.
For the case of fluid instabilities v ~ w, holds generally. On taking the limit of p2; > 1,
pd. > 1 and p2y < 1 in Eq. (2], we get

wzc klzwza
Xo =5 ~ ®
f Wﬁ.‘ |L,,p.r(/\ )
= 2 B(w- kU )
oH
Xu k,;‘,z ; (5)
where f = [1 — I'(\)]/Ai. Then, the dispersion relation (1) can be written in the form,
kw? kT (A:)
_A_ Ko Ky _ "
Db = a- 122 - T o, (6)
where G 5
Wi WoH 7
A_1+Q?+Qg +k2V,§,' (7)
We can rewrite Eq.(6) as
(w? — wd)[(w - }":HU.-)2 — w?] = wi?, (8)
where 2 O
wpil'(A; : ;
wj =i-"ﬁ”;—,] =C,1. (9)

A. Mode 1 ion beam instability
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Fig. 1 : Variation of w,/€; ,7/%% and U} versus A; for the mode 1 ion beam irnstability for
the auroral plasmas with No = 0.001 ¢m™3, Ny =1 cm™3, By = 0.046 G, Ty = 1 keV,
T; = 10 eV, Tc = 0.01 eV and ky/k = 10m,./m;. The assumption p2: > 1 tends to

breakdown as \; — 0.1 (after Lakhina [33] ).

For U; = U} = (wi/k)), we get from (8) an unstable root

BN LT

: =, (10)

provided (w)/wk) < 2.

In Figure 1, we have shown the variations of real frequency w,, growth rate v, and the
optimum velocity U/ against ); for the mode 1 ion beam instability relevant to auroral
plasma parameters. As \; — 0.1,.the assumption of 2, > 1 breaks down and one has to
treat ions as hot.

B. Mode 2 ion beam instability
On the hand, for w = kU= kUf" +7, where U}! = we/k) and n < we , (8) can be
solved for 7 to get an unstable root with the growth rate

32 (wew?\'?

provided (w’cw?) > 2.
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Fig. 2: Variation of w,/Q ,7/Q and U}! versus A; for the mode 2 ion beam instability
for No = 10.0, 1.0 and 0.1 cm™2 for the curves 1, 2 and 3 respectively. The rest of the
parameters are the same as in Figure 1 except that 7o = 0.1 eV. The assumption of

H3; > 1 tends to breakdown for A; > 0.3 (cf. dotted portion of w, and v curves) (after
Lakhina [33] ).

Variations of w,, v and U/’ with ); for the mode 2 ion beam instability are shown in
Figure 2. In this case the assumption of p2; > 1 breaks down for A; > 0.3.

Application to Auroral Region

In the auroral acceleration region between 1 to 2 Rg altitudes,we can take Q; = 70 - 140
Hz. The density and energy of precipitating electrons are variable but in the general range
of Ny ~(0.1 - 1) cm™3, and their energy Ey ~ (0.1 to 5) keV. We take typical value of
hot electron temperature as Ty = 1 keV. This gives Vi;y= 1.32 x10* km s~'. Outside the
region of strong parallel potential drops, the typical values of the background cold electrons

parameters are Ng ~ 10 cm™2

or so, and Tc= 1 ev or less. But in the region of strong
parallel electric fields the cold electrons are expelled resulting in No= 1072 cm™2 or smaller.
The initial ion beam drift speed can be U; = (5 - 50) Vi and V= (9.8 - 30.9) km s™!
corresponding to T; = 1 to 10 eV. The density of ion beam could be calculated from the

quasi- neutrality condition in the equilibrium state.

The results shown in Figure 1-2 are calculated for the plasma parameters corresponding

to the auroral acceleration region described above. Further, the assumptions (i) to (iv) are
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easily satisfied in the parametric range of m./m; < ky/k < (m./m;)'/?, and 1073 < A; < 1.
In these Figures we have fixed kj/k= 10 m./m;.

The ion beam driven mode 1, as seen from Figure 1, could be excited for beam drift speed
U ~ U! = (3-10) Vi ~(90 - 300) km s~! for 1072 < X; < 0.1. The corresponding range
of real frequencies w, , and growth rates vy are respectively, w, = (0.07 - 0.16) Hz and vy=
(0.09 - 0.29) Hz. The unstable perpendicular wavelengths A, = 2x/k, = 2rp;/A\}/?, where
pi ={Vu/C).is.ion gyroradius, lie in the range of 1.4km < A, < 14 km for p; = 70 m. The
excitation of mode 2 driven by ion beam requires rather large beam drift speed U; ~ U}! =
(20 - 400)V;; unless N¢ < 0.1 cm™2 (cf. Figure 2). For the case of N¢ = 0.1 cm™2 and U; =
(20 - 50)V;; = (600 - 1500) km s~!,as seen.from Figure 2, this mode has w, ~ (4.0 - 5.0) Hz
and vy ~ = (0.5 - 0.6) Hz and unstable perpendicular wavelength A; = (0.8 - 2.0) km.

The parallel wavelength of these modes would be in the range of
(m;/m,)lﬂ)u <A < (mifm)Ay.

The low-frequency modes have a broadband spectrum and could be easily excited either
by ion beams having drift speed 100 to 1500 km s~! along the auroral field lines. In the
references frame of a satellite moving with velocity of 7 km s, the Doppler shifted frequen-
cies of these modes would lie in the range between 10~2 Hz to 60 Hz. Hence the mechanism
proposed here predicts the frequencies and wavelength in fairly good agreement with the
observations from Viking [9] and from S3-3 [8].

Linear theory, like the one presented above, cannot provide any estimate for the saturation
level of electric field fluctuations.. However, estimates for the electric field fluctuations can
be obtained by carrying out the quasilinear calculations [33]

It is found that mode 1 ion beam instability saturates at

1/2
8rm; N;U; Q3T ()12
E(t = o00) = Proy (12)
[{1 + NH;E‘:\EI + e]\;l:l{}é!) ﬂ } 4;3 2f3f3f2k f
where as the mode 2 ion beam instability saturates at
5 1/2
87 m; N;U; Q% wye
Elit= o : E 13
(t = o0) [{1 o N,,rpgﬂ ;T ™ )nI fmk} (13)

For Ne =103 cm™3, Ny = 1 ecm™3, By, = 0.046 G, T; = 10 ev, and U; = 5Vj; ( corresponding
to Figure 1 ), we get from Eq.(27), E(t = 00) = 60 mV/m for mode 1.

Similarly, for Noc = 0.1 cm™3, Ny = 1 cm™3, By = 0.046 G, T; = 10 ev (i.e. corresponding
to Figure 2) and U; = 40 V;;, we get from Eq.(28), E(t = 00) ~ 1 V/m. We must keep in
mind that the estimates for E(t = oo) for the ion beam instabilities given by Eqs.(27) -(28)
are the upper bounds on the amplitudes.
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The low-frequency electrostatic modes discussed here have several properties, like their
broadband nature, their polarization and propagation direction, similar to those of the ion-
jon two-stream modes [32] and the lower hybrid modes [36, 47 - 48]. However, the low-
frequency electric-field fluctuations can heat the ions and the electrons only in the direction
parallel to the magnetic field. Therefore, these modes could not lead to the formation of
ion conics, but caw“®rm accelerated electron and hot ion beams. The analysis must be
extended to include n > 1 modes to produce transverse heating of the ions leading to the
formation of ion conics. The&modes driven by ion beams would result in accelerated electron
beams moving upwards in the direction of the ion beams. The above mechanism would work

independent of the presence of a d.c. parallel electric field in the region of interaction.
ION BEAM VELOCITY SHEAR INSTABILITY

The plasma sheet boundary layer and the cusp region are characterized by the plasma consist-
ing of three components, namely, (1) background cold Maxwellian ions with number density,
Noi, and temperature, T}, (2) warm background electrons characterized by Maxwellian dis-
tribution with number density, No., and temperature, T, and (3) a low density hot ion beam
streaming along the magnetic field Bo = Bo(z)z with a sheared velocity 'V = Vig¢z)z and
having a number density, Nos, and temperature, Tg. We consider No. = No; + Nop so that
the charge neutrality is maintained in the equilibrium state. For simplicity, we shall neglect
the density gradients of the background plasma and that of the ion beam. Furthermore, we
shall not discuss the Kelvin-Helmholtz type instabilities here as these instabilitites have been
discussed extensively in the literature [28, 49-- 53]. We shall concentrate on the cyclotron
instabilities driven by the hot ion beam [28]. Therefore, we consider the frequency range
w =~ nQp <« Q. For warm electrons, w/k Vi, < 1, and we can write

w2, i/Tww?, w?
Xe= mya * v O _W1 ()
ie 1k2Vie iV

The cold ion response can be written as

2 1.2 2 2
wZkl kjjwpi

T (WP -QE2 T k2w?’

Xi= (15)

Since a low density hot ion beam can not significantly affect the real frequency for the
resonant type instability, the real frequency is given by (1 + X + RX.) = 0, where RX, is
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the real part of X,. For (27 + k*C?)? » 4kﬁC’fﬂ?,‘this leads to the following roots:

k202
w? o OF 4 T+k—%:’ (16)
and
kiCra?
wy (17)
Qz(l + ki,\ be) + k2C?

The above roots describes the fast ion acoustic mode and the slow ion acoustic mode respec-
tively. Here we are concerned with the fast ion acoustic mode only.

The hot ion beam introduces an imaginary term $Xp in the dispersion relation given by

X5 = LT ST, () — kyVe) = 250 — kyVs — i28)] exp(-pla), (1)

\/_ kik?Vis S ki "

where § = %%’f— reperesents the velocity shear of the ion beam, g, = (w — kyVs -
nQg)/2Y%k;V;p, and T, (Ag) = I.(Ag)e2.

Since w, of the fast ion acoustic mode changes with k, we can anticipate a situation where
pmB ~ 1 but g,g > 1 for n # m. In such a case, only the n = m term in $Xp would be
important. Then, the growth rate is given by

_ NoB Skypimp 2oy w Ts _ W
y = /7w, P [ =T (\5 )( i #08) SP(—hnm) = TV T P\ T2RVE ) |
(19)

where

(20)

It is interesting to note that for pop > 0, i.e., w, > k;Vp the instability is possible for for
finite velocity shear, S, only. For a given m, the cyclotron instability can occur for as set of
Ap values at certain values of k/k as shown in Tables 1 and 2. By choosing a proper set of
parameters like k/k, Ap, Vp/Vin, and S, it is possible to excite the instability for harmonic
number m = 10 or more.

Figur€ 3 shows the growth rate of the cyclotron instability for m =10. The maximum
in the growth rate is reduced and gets shifted towards higher Ag by an increase in ky/k (cf.
curves 1, 2, 3 and 4). The growth rate is reduced when S decreases (cf. curves 1 and 5).
From Tables 1 and 2, and Figure 3, we note that the unstable frequencies fall in the range
mflp < w, < (m + 1)Qp, and a broadband spectrum of waves, where various frequencies
are propagating with sligh.tly different oblique angles to By, are generated by the cyclotron
instability.
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Table 1. Ion cycloton velocity shear instability for
the case of wy,/Q.=10.0, Nog/Noi=0.1, T;/Tp=0.5,
T./Tg=5.0, m;/my=1.0, ngﬁ‘/'ggﬁlo.o, and $=2.0

ky/k A8 m w /08 /0B  poi  Hoe HBmB
0.058 045 1 1.58 -0.161 40.6 0.30 0.55
050 1 1.63 0.121 39.6 0.29 0.91
0.55 1 1.68 0.133 389 029 1.22
09 1 1.73 0.032 383 0.28 1.51
0.7 1 1.82 374 374 028 2.02
0.04 20 2 2.7F -0.321 48.8 0.36 -0.38
23 2 2.95 0.270 483 036 1.01
27 2 3.00 -0.320 48.1 035 1.79
0.015 3.0 3 3.31 -2.620 126.8 0.94 -1.38
32 3 341 0.195 127.1 0.94 0.95
34 3 3.61 -2.870 126.5 0.94 3.08
5.5 4 439 -1.38 124.5 0.92 -2.01
6.0 4 4.58 0.004 124.1 092 1.21
6.2 4 4.65 -1.10 124.1 0.92 2.3

Table 2. Ion cycloton velocity shear instability for
the PSBL-parameters: wy./$%.=10.0, Nog/Noi=0.01,
T;/Tg=0.5, T./Tg=5.0, m;/m;=1.0,

VB/\/§VgB=10.0, and §=4.0

ky/k Ap m w/Qp Y/QB  poi poe HmB
0.035 1.7 2 2.58 -3.77 56.3 0.42 -0.98
1.9 2 2.71 0.29 55.9 0.4l 0.38
20 2 2,76 1.76 55.7 0.41 0.98
21 2 2.82 0.47 55.5 0.41 1.55
22 2 2.83 -0.35 554 041 2.08
0.024 36 3 3.61 -7.18 789 0.58 -0.59
38 3 3.69 1.22 78.7 0.58 0.54
40 3 3.78 0.30 78.5 0.58 1.58
42 3 3.87 -094 78.5 0.58 2.55
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Fig. 3 : Variation of groowth rate (solid curves) and real frequency ( dashed curves) for
the m = 10 harmonic cyclotron instability driven by velocity shear of the ion beam
for PSBL parameters: wpe/ﬁg=10.0, NoB/Nog=U.1, T:/Ts=0.5, T./Ts=>5.0, m;/m;=1.0,
Va/V2Vig= 4.0, S=2.0, and for k/k = 0.005, 0.006, 0.007, 0.008 for the curves 1, 2, 3,
and 4 respectively. Curve 5 is for S = 1.0 and ky/k = 0.005 (tken from Lakhina [28]).

Application to Plasma Sheet Boundary Layer

We expect the-velocity shear parameter S ~ 0.05 to 5 in the plasma sheet boundary layer.
This is based on the observations which indicate inténse ion flows in a thin boundary layer
with thickness of 10? km to 10* km. The life time of the ion beams is typically ~ (15 - 60
) min [24, 43]. In view of the observations, we choose as typical parameters in the plasma
sheet boundary layer the values of Nog/No; ~ 0.1, Vg/v2Vig =4 - 10, S = 0.05 - 5, T./Tp
=5,T;/Tg = 0.5, pp ( beam Larmor radius ) = 40 km, corresponding to Ts ~ 100 eV, and
Qp = 0.4 Hz. Then from Figure 3 and Tables 1 and 2, the electrostatic noise generated by
the velocity shear cyclotron instabilities would be in the frequency range 0.4 Hz < w, < 4.0
Hz with the associated unstable transverse wavelengths A, = 27pg/ A};” % in the range 30 km
< AL < 400 km. Since typical kj/k ~ 0.005 - 0.5, the noise propagates nearly transverse
to the magnetic field, and is broadband in nature. The low frequency noise excited by the
velocity shear instability should be observable in the plasma sheet boundary layer as the
typical growth times, ~ 0.5 min or less, are generally much smaller than the characteristic
life time of ~ (15 - 60 ) min of the ion beams. Further, to have an idea of the characteristic
velocity gradient scale lengths L, = (dVp/Vsdz)~T involved, the velocity shear S =2, for an
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ion beam velocity of Vg = 980 km s™?, would correspond to L, = 200 km.

Interestingly, the low-frequency noise can scatter both the hot electrons and hot ions
rather efficiently because of its resonant interaction with these particles. The typical electron
scattering time for the m = 1 cyclotron instability is 7, = 0.25 ( and even less for higher
harmonics !). The electron scattering time is much less than the t.ylpica.l growth time of ~
10 min of the ion tearing mode in the plasma sheet. The ion tearing instability is stabilized
by the:ma.gnetized electrons which get bunched in the region of compressed magnetic field
produced by the tearing perturbations. The scattering due to the low-frequency noise could
destroy these electron bunches, thus helping the ion tearing mode instability to grow [54]. It
would therefore be interesting to study the effect of the low frequency noise on the tearing
modes in the presence of velocity shear [55).

Application to Polar Cusp

Several groups [5, 6, 56] have observed broadband electrostatic noise (BEN) from 1.78 Hz to
about 30 - 100 kHz in the polar cusp at altitudes of 2 - 10 Rg down to ionospheric heights.
Various mechanisms based on ion acoustic instability or Buneman instability [57, 58], and
ion cyclotron instablity [59] have been suggested to for the generation of BEN in the polar
cusp.

Gurnett and Frank [6] found either keV protons flowing down (of magnetosheath origin)
or proton beams (possibly accelerated ionospheric protons) streaming up the magnetic field
direction at the time of BEN in the polar cusp region. Since large gradients in flow velocity
of protons can occur near the cusp boundaries [60 - 61], the velocity shear instabilities
discussed here may be important for exciting the low-frequency part of BEN in the polar
cusp. We consider the typical polar cusp plasma parameters at the altitude range of 5 - 7
Rgp as Nog[Noi ~ 0.1 - 0.3, Qp ~ (2.2-3.0 ) Hz, V/Vip < 22, T. ~ 100 eV, T; ~ a
few 10 eV, w,./Q ~ (8 - 20), and S ~ 0.1 - 1. For a 2 keV ion beam, the corresponding
velocity gradient scales would be L, = 50 - 500 km. We expect the cyclotron instability due
to velocity shear to occur in the polar cusp for these parameters. However, the instabilty
would occur in different combinations of the parameters like ky/k and Ag than those for the
plasma sheet boundary layer since the beam and plasma parameters in these two regions
are not the same. For example, in the polar cusp region, the m = 2 instabilty would occur
for Vg/Vig = V2, Ag = 90, Tg/T; = 50, Tg/T. = 5, Nog/Noi = 0.3, S = 1.0, and ky/k =
7.2x1072 with w, = 2.145 Qp, and v = 0.81x1073 Q. The higher harmonics are excited
for larger values of Ag (i/e., Ag > 90 ) as found for the plasma sheet boundary layer.
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We must remark that Doppler shifts due to the satellite motion across the cusp field lines
could mask the cyclotron structure of the modes, and the noise may appear as broadband.
To estimate the Doppler shifts, w’ = kj V,qs¢, where V,,; is the satellite speed transverse to
the field lines. For Ap ~ ( 90 - 400 ) and V,oc = 3 km s™?, we get w’ ~ ( 3 - 5) Hz > Q5.
With the velocity shear of § = 1, we expect several harmonics (atleast upto m = 10 or so)
to be excited simultaneously with different, combinations of k/k and Ag. This would result
in the generation of the noise in the frequency range 2 Hz to about 35 Hz. This frequency
range more or less matches the frequencies (e.g., 10 - 50 Hz) where the maximum intensities
of the polar cusp BEN are found. Therefore, the velocity shear instability mechanism is a
likely candidate for the generation of low-frequency component of polar cusp BEN.

CONCLUSION

The nonresonant modes and velocity shear modes excited by the ion beams can lead to
the generation of low frequency electrostatic waves on the auroral field lines, plasma sheet
boundary layer and in the cusp region. The, excited LEF can have amplitudes ~ 10 mV/m
to 1 V/m in the auroral acceleration region. The presence of cold electrons is an essential
ingredient for Mode 1 and Mode 2 ion beam instabilty mechanism. The velocity shear
cyclotron modes have characteristics similar to that of the broadba.nd‘electrostati% noise
(BEN), and therefore these modes may be possible candidate for the generation mechanism
for the low frequency component of BEN. We must, however, emphasize that the moodes
discussed here are not the only one which can be excited by the ion beams. Depending on
the parameters of the magnetospheric plaéma., several mechanisms may be operative at the
same time.
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