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Kinetic Alfvén waves as a source of plasma transport
at the dayside magnetopause
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Abstract. As the shocked solar wind with variable plasma density and magnetic
field impinges on the dayside magnetopause, it is likely to generate large-scale
Alfvén waves at the solar wind magnetosphere interface. However, large gradients
in the density and magnetic field at the magnetopause boundary effectively couple
large-scale Alfvén waves with kinetic Alfvén waves. In this paper we propose that
the wave power converted into kinetic Alfvén waves may play an important role in
plasma transport at the dayside magnetopause and in electron acceleration along
field lines. The transport can occur because, unlike the magnetohydrodynamic
(MHD) shear Alfvén wave, the kinetic Alfvén wave has an associated parallel
electric field which breaks down the “frozen-in” condition and decouples the plasma
from field lines. We calculate the average deviation of the plasma from the field line
from which we estimate the diffusion coeflicient associated with these “bundles” of
decoupled plasma to be approximately 10°m?/s. The parallel electric field also may
lead to acceleration of electrons along field lines in the magnetopause boundary and
may possibly provide an explanation for observed counterstreaming electron beams

characterized by energies of 50-200 eV.

1. Introduction

The interface between the shocked solar wind and
the magnetosphere, the magnetopause, is a transition
layer characterized by strong gradients in the charac-
teristic plasma quantities. These strong gradients con-
tain much free energy which can be released in the form
of various plasma processes such as magnetic reconnec-
tion, Kelvin-Helmholtz instabilities, lower-hybrid drift
instability, and kinetic Alfvén waves (KAW). Indeed,
the present description of the magnetopause boundary
layer is essentially a montage of these various processes
which has been constructed over the last 30 years in an
attempt to explain the entry of solar wind plasma into
the magnetosphere.

The various mechanisms for plasma entry into the
magnetosphere can be grouped into the three following
classes: viscous interaction, reconnection, and impul-
sive penetration. Historically, the viscous model pro-
posed by Azford and Hines [1961] and the magnetic
reconnection proposed by Dungey [1961] have been the
most widely accepted models, although an alternative
mechanism of impulsive plasma penetration has also
been recently suggested. Viscous models are based pri-
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marily upon the existence of some form of anomalous
viscosity in the magnetopause boundary. The diffusion
occurs primarily via wave-particle collisions which cause
the particles to random walk across the boundary. The
flux of particles across the boundary is primarily de-
pendent upon the spectral power of the waves which
give rise to the anomalous viscosity. Viscous penetra-
tion of particles may arise from lower-hybrid turbulence
[Labelle and Treumann, 1988; Gary and Sgro, 1990;
Treumann et al., 1992] or whistler mode waves driven
by current gradients [Drake et al., 1994], while momen-
tum can be transported by means of Kelvin-Helmholtz
turbulence [Miura, 1984]. Enhanced fluctuations in the
magnetic and electric fields have been observed at the
magnetopause [Gurnett et al., 1979; Tsurutani et al.,
1981; Anderson et al., 1982].

Magnetic reconnection provides an alternative model
in which the plasma penetrates along reconnected field
lines which provide direct access from the solar wind
to the magnetosphere. Observational evidence of flux
transfer events [Russell and Elphic, 1978] and high-
speed magnetopause and boundary layer plasma flow
[Sonnerup et al., 1981; Paschmann et al., 1986; Gosling
et al., 1990] suggest that at least to some degree, bun-
dles of flux do enter the magnetosphere via this mech-
anism.

The model of impulsive penetration consists primar-
ily of a filament of enhanced momentum which im-
pinges on the magnetopause boundary [Lemaire et al.,
1979; Lundin and Dubinin, 1984]. It would appear
that this process is efficient only for nearly parallel or
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nearly antiparallel orientation of the solar wind mag-
netic field with respect to the Earth’s magnetic field.
Efficient transport occurs for antlparallel orientation
because conditions are conducive to magnetic reconnec-
tion, while for parallel orientation solar wind plasma can
penetrate as the result of field line interchange which
may occur when the restoring magnetic tension is small.
However, the orientations which are favorable for im-
pulsive plasma penetration are rather restricted, and,
in general, the filament, instead, bounces off the mag-
netopause, giving rise to a large—scale surface magneto-
hydrodynamlc (MHD) wave along the boundary [Ma et
al., 1991].

In this paper it is our purpose to add transport due
to KAWs to the present collection of mechanisms. As
the solar wind impinges on the magnetosphere, large-
scale MHD waves are generated along the boundary by
solar wind fluctuations and the Kelvin-Helmholtz insta-
bilities which can couple to KAWs. The magnetopause
is characterized by large gradients in the Alfvén veloc-
ity, and these gradients provide an effective mechanism
for coupling large-scale structure into small-scale struc-
ture when the gradients are the order of an ion gyro-
radius. As a result, power may be converted from the
surface MHD wave to the KAW [Hasegawa and Chen,
1975; Hasegawa, 1976]. However, as we shall discuss,
the KAW is characterized by a parallel electric field
so that the plasma may be decoupled from the mag-
netic field. The field-aligned particle velocities mix the
plasma and provide a mechanism for cross-field trans-
port and diffusion. There are two important findings of
this model. First, we present an estimate of the diffu-
sion into the magnetosphere, and secondly, we discuss
electron acceleration by the parallel electric field of the
wave which may be comparable with observations of
counterstreaming electrons [nglme et al., 1984; Taka-
hashi et al., 1991].

2. Kinetic Alfvén Waves

Coupling between macroscopic driving forces such as
the fluctuating solar wind and microscopic processes
such as localized diffusion and heating is of fundamen-
tal concern in describing the processes which occur in
the magnetosphere. In the most simplistic model the
solar wind, with variable plasma density, velocity, or
magnetic field, impinges on the magnetospheric cavity
(sharp boundary) and sets up discrete plasma surface
waves along the magnetopause [Chen and Hasegawa,
1974]. If, on the other hand, the magnetopause bound-
ary varies smoothly, then the discreet spectrum breaks
up into a continuous spectrum and all modes whose fre-
quency w satisfies the resonance condition w = kyv4(z),
where v4 is the Alfvén veloc1ty and kj is the parallel
wave number for some point z in the system, are res-
onant and are characterized by a logarithmic singular-
ity. Hasegawa [1976], who first studied the KAW in the
context of auroral electron acceleration, showed that
this resonance may be resolved by expanding the ki-
netic equations to first order in the ion gyroradius. The
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singularity is removed because, unlike the electrons, the
ions do not move with the field lines when the perpen-
dicular wavelength of the field is the order of the gy-
roradius. As a result, the ions on different field lines
interact electrostatically so that an isolated resonance
(infinite current sheet) on a particular field line will not
occur. The charge separation not only allows the wave
to travel across field lines, but also gives rise to a par-
allel electric field.

The kinetic Alfvén waves can be generated at the
magnetopause due to the presence of strong gradients
in the density and magnetic field [Fastman and Hones,
1979]. In addition, many other wave modes can also be
excited in the presence of strong gradients. These phe-
nomena can be described in terms of an approximation
to the coupled Vlasov-Maxwell set of equations. It is
important to consider what approximations might be
relevant for considering KAW geéneration. '

The dominant process that gives rise to KAW gen-
eration is the existence of field line resonances. These
resonances are associated with a singularity in the cold
plasma description of the shear Alfvén mode. As such,
it can be expected that as a first approximation com-
pressional effects will not affect the resolution of the
singularity. In fact, if one considers a full MHD de-
scription of a thermal plasma, it is easy to show that
coupling between the shear and compressional modes
takes place primarily via curvature in the magnetic field
lines [Cheng, 1991]. Curvature couples compressional
perturbations to shear perturbations through the so-
called “ballooning” term, which can be important for a
high-3 plasma. In the presence of “good curvature,” as
is found at the magnetopause, this term does not give
rise to a ballooning instability but, rather, primarily
serves ta modify the location of the field line resonance
by increasing the effective frequency of the wave. In ef-
fect, even in a high-3 plasma the fundamental physics is
dominated by the shear Alfvén wave and the resolution
of the field line resonance so that as a first approxi.aa-
tion, one can neglect the compression of the magnetic
field.

We should point out that the observed plasma 3 in
the magnetosheath ranges from 0.2 to 4 [Paschmann et
al., 1986; Gosling et al., 1990], and there may be cou-
pling between the shear Alfvén mode and compressional
mode in the high-3 case. However, we expect that cou-
pling will not affect the fundamental physics involved
in the mode conversion process. In the magnetospheric
side of the magnetopause the plasma f is usually small
(8 < 0.2). In the depletion layer just outside the mag-
netopause, where the plasma is squeezed into the flanks
by the pileup of magnetic field, the plasma 8 can also
be low, and an incorpressible approximation is valid.

Another important wave which is associated with
strong density gradients is the drift wave. For the pa-
rameters of interest, electron drift waves and waves gen-
erated near the lower-hybrid frequency are unimportant
for a linear calculation because their frequency is much
larger than the Alfvén frequency. Any coupling that
takes place will be nonlinear in nature. The ion drift
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frequency is, however, comparable with the Alfvén fre-
quency so that ion drift waves may be important. The
primary effect of ion drift waves on the shear Alfvén
mode is to split the mode, shifting it to higher and
lower frequency. The field line resonances still exist but
are shifted to a different location. The resolution of the
resonance should remain the same, although the range
of the continuous spectrum can be increased.

In order to describe the physics most effectively and
simply, near the field line resonance we assume mag-
netic incompressibility and ignore modifications due to
drift waves. We have discussed the nature of these ap-
proximation above. This model should be sufficient to
describe the physics that occurs at the magnetopause.
To resolve the MHD resonance, the ion Vlasov equation
is expanded in terms of the ion gyroradius. Assuming
variations in density and magnetic field along the z di-
rection only, the Vlasov-Maxwell equations reduce to
[Hasegawa, 1976]

w2 3 ,d 2 1T, ?
(kﬁvizpid +dz2gT zdm)(
d B w? d 2

Here p; is the ion gyroradlus; g is the density profile,
g = n(z)/Nmax, normalized to the maximum density,
Nmax; Te and T; are, respectively, the electron and ion
temperatures. In (1) the fields have been expressed
in terms of a perpendicular scalar potential ¢ such
that 6E; = —V ¢, where §E; is the perturbed per-
pendicular electric field. For a homogeneous plasma
this equation decouples into two MHD surface waves
(represented by the dominant balance of the third and
fourth terms) and two KAWs (represented by the dom-
inant balance of the first, second, and third terms)
with the respective dispersion relations w = +kjva and

= kﬁvi(l + k% p?), where p? = (3/4 + T./T;)p?.
Without the first and second terms, (1) exhibits the log-
arithmic singularity associated with the MHD surface
wave resonance, however, the first and second terms
resolve the singularity. Indeed, using a suitable linear
approximation for the density and magnetic field gra-
dients near the singular point (z ~ 0), it is possible to
reduce these equations to a driven, second-order ordi-
nary differential equation for the z component of the
perturbed electric field 6§

pz(d26Ex/dm2) + kzbE; = Ey (2)

where k is the inverse scale length of the density gra-
dient, ¥ = |dIn(n)/dz|, and Ej is the integration con-
stant obtained by integrating (1). This equation can
be interpreted as describing KAWs driven by an MHD
surface wave with amplitude Ey. The extent of the lin-
ear coupling of the KAWs to the MHD driver can be
determined by solving (2) and matching to the appro-
priate boundary conditions (no incoming wave power in
the KAW mode). The solution of (2) is readily found in
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Figure 1. The wave solution of equation (2) near the
resonant point z=0 is plotted as the solid line. The co-
ordinate z is across the magnetopause from solar wind
to magnetosphere and is normalized to the scale length
6 of the kinetic Alfvén waves (KAW). In the asymptotic
regions the solution can be decomposed into the asymp-
totic forms of the magnetohydrodynamic (MHD) and
KAW, as indicated by the dotted and dashed lines, re-
spectively. On the magnetosphere side the KAW decays
after several scale lengths and the solution is asymptotic
to the MHD surface wave. The resonant region is dom-
inated by the KAW which reflects back into the solar
wind.

terms of the Airy functions Ai, Bi, and G4 as functions
of £/6 [Hasegawa, 1976], where § = (p®/x)*/3. The
KAW has the asymptotic behavior

.2
6 Bz xcaw ~ expliz(=3)""" 3)

which is oscillatory for z < 0, where the density is
higher and exponentially decaying for £ > 0, where
the density is lower. The surface MHD wave has the
asymptotic behavior Eg/kz, which is the balance of the
zeroth-rder term with the inhomogeneous term in (2).
In Figure 1 we show a plot of the solution to (2). In
magnetospheric context the coordinate z is across the
magnetopause (from solar wind to magnetosphere) and
z = 0 defines the location of the resonant point where
w = kjva(z) (the surface wave is driven at the fre-
quency w). For /6 < 0 the solution is dominated
by the KAW, while for large z/6 > 0 the solution
is dominated by the MHD surface wave in that the
KAW decays exponentially. The asymptotic forms of
the MHD surface wave and KAW have been plotted
for comparison with the solution of (2). Physically, the
driven MHD wave couples through the density gradi-
ent to the KAW, which propagates to the left into the
solar wind and also penetrates into the magnetosphere
with decaying exponential behavior. For p ~ 50 km and
k=1 ~ 500 km [Berchem and Russell, 1982] the penetra-
tion at the magnetopause boundary can be estimated
from the wave scale length § to be ~ 100 km, which is
comparable to the width of the magnetopause.

In the following two sections we will exploit some of
the properties of the KAW to estimate the amount of
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diffusion associated with a driven MHD surface wave
and secondly, we will estimate the magnitude of the
parallel electric field associated with the wave.

2.1. Diffusion and Kinetic Alfvén Waves

In this section we estimate the diffusion associated
with a driven KAW. In this approach we assume that
there is a single KAW with a fixed frequency. This
approach is to be differentiated from the situation in
which there is a broadband spectrum of wave power at
low frequencies. As such, this process does not lie in
the same class as lower-hybrid and Kelvin-Helmholtz
turbulence.

Unlike the shear Alfvén wave the KAW exhibits cer-
tain properties conducive to plasma transport. The
KAW is characterized by charge separation of ions and
electrons which leads to the generation of a field-aligned
electric field (§E)) and cross-field wave propagation.
The parallel electric field § | is related to the perpen-
dicular field 6 E) by

T, 0

=p2 2
OB =i T; 0z

(V8E,) (4)

The existence of 6 E)| is associated with the breakdown
of ideal MHD and decoupling of the plasma from the
magnetic field. This decoupling can be estimated from
the characteristics of the KAW. Consider a configura-
tion with z across the magnetopause and with z along
and y across the unperturbed magnetic field. In the
following sections we will emphasize transport in the z
direction which is across the magnetopause. For this
configuration, k; ~ 6= > ky > k, and the dominant
components of the Alfvén wave are E; and B,. The
dispersion relation of the KAW is

w? = kjoh (1 + K2p?) (5)

The magnetic field components are modified accord-
ingly
k- Te
B=—+ —2k2p?).

6 ” b x SE(1+ P kZpi®) (6)
The position of the field line deviation perpendicular to
the unperturbed magnetic field direction b = Z is given
by the vector rg. This deviation is best determined in
the wave frame. If z is the direction along the field line,
then z* = z — wt/k) is the z coordinate in the wave
frame so that drg/dz* = 6B/By and hence

drg _ 6Bd _ $Bw -
dt ~— By dt - By k”.
Thus .
drg _6Exb,. T, , ,

whereas the plasma displacement rp is given by the
E x B drift X
dr 6E
arp _ SExb (9)
dt By
The relative difference in the plasma and magnetic field
velocities in the z direction vp is
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T, 0B,
vp = ﬁk‘zpiz( Bo )'UA. (10)

The deviation between the plasma and the field lines in
the z direction (across the magnetopause) can be ob-
tained by integrating the velocities over half a wave pe-
riod and comparing the difference in the displacement.

Te kZp? 6By

A:cEAxB—A:cp:QTi— o (B0 ).

(11)

In Figure 2 we illustrate the displacement of the plasma
and magnetic field. The magnetic field is more de-
formed than the plasma so that, in effect, plasma is
left behind on the magnetospheric side of the magne-
topause. Using typical parameters, T./T; ~ 0.2, k2p? ~
pE/82 ~ 0.25, )\ = 27rlc"'1 = 10REg, 6B;/Bo = 0.2,
8By /By ~ 1, and v4 = 400 km/s [Berchem and Russell,
1982; Russell and Elphic, 1978; Labelle and Treumann,
1988; Song et al., 1993a, b}, the deviation can be es-
timated as Az ~ 200 km which is comparable to the
width of the magnetopause, and the velocity in (10)
can be estimated as vp ~ 4 km/s. Note that the fre-
quency of KAWs at the dayside magnetopause is typi-
cally f < 0.1 Hz. The observed wave amplitude éB at
this frequency is § B ~ 30 nT~ By.

In the context of fluid theory the plasma oscillates
about the zeroth-order magnetic field, and although the
perturbed field and fluid are decoupled, no net trans-
port of fluid particles will occur. There are two mech-
anisms, however, which could lead to transport of par-
ticles. First, parallel particle velocities cause individual
particles to shift from their initial field lines which may
lead to a diffusive process which should be reasonably
efficient for v ~ v4. This effect is illustrated schemati-

Magnetic Field Lines

Plasma Surface

Figure 2. Plasma penetration into the magnetosphere
may occur when the magnetic field decouples from the
plasma at the magnetopause boundary. As shown by
the dashed line, the magnetic field displacement exceeds
the plasma displacement and leaves plasma behind in
the magnetosphere. Sudden damping of the wave or
particle motion along the magnetic field can lead to
plasma transport across field lines.
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Plasma Surface

— — = Magnetic Field Line

Figure 3. Parallel particle velocities can lead to trans-
port of particles across field lines in the presence of a
KAW. (a) An ion found at point P, streams along the
magnetic field toward point P; or P, in time 7/2, de-
pending on its parallel velocity. (b) Due to the finite
Lamor radius effect, the ion which moves to P, is some-
what unmagnetized and decoupled from its initial field
line. Other nonresonant particles such as those that
reach P; may later follow the field lines back into the
magnetosheath.

cally in Figure 3. A particle initially at the point Py has
a parallel velocity along the magnetic field and moves
freely along the magnetic field to a point P; or if the
velocity is larger, to the point P, during the half-period
of the wave 7/2. Because kj p; ~ 1, the ions are not
strongly magnetized so that they also move across field
lines. Therefore, a particle which travels to P, will have
a net deviation from its initial field line. The deviation
can be estimated in terms of the plasma velocity across
the field line which is the order of Az obtained in (11).
This process is most efficient for resonant particles with
Y|~ va-

An alternative way that plasma can enter the mag-
netosphere might be from dissipation of the KAW. We
have not heretofore discussed the nonlinear behavior of
these modes, obviously an important effect if § B ~ Bg.
As has been discussed by Hasegawa and Chen [1976],
the KAW tends to dissipate rapidly through nonlin-
ear ion Landau damping and phase mixing of several
modes. The relevant decay process in this instance
is coupling between a strongly damped ion acoustic
wave and two KAWs and involves nonlinear ion Landau
damping. We should stress that this mechanism works
efficiently even when the ion acoustic wave is heavily
damped, as is the case for T, /T; ~ 0.2. Hence when the
KAW is excited, the plasma decouples from the field
line. If the KAW dissipates suddenly on the Alfvén
timescale, then the plasma would be left decoupled from
the original field line and particle transport could occur.
Clearly, the nonlinear evolution of the KAW is an im-
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Figure 4. The parallel electric potential ¥|; associated
with the KAW provides an explanation for measure-
ments of low energy counterstreaming electron beams
which are observed in the low-latitude boundary layer.
Electrons may be accelerated up to 100 eV in the poten-
tial wells which have macroscopic scale along the field
lines.

portant aspect of this problem and is a clear direction
for further consideration.

As a result, filaments of plasma can enter into the
magnetosphere with a typical cross-field velocity given
by the relative displacement between the field lines and
plasma in bundles vp which has characteristic scale size
Az. An estimate for the diffusion coefficient D resulting
from this process is

”_A(‘S&

D ~vpAzx ~ 2(Tilc,2;,a,2 2 )2 (12)
By

T Ry

For the typical parameters discussed above the diffu-
sion is estimated to be the correct order of magnitude
(10° m?/s). As will be discussed later, the estimated
diffusion coefficient in (12) is virtually identical to that
associated with each wave component in the quasi-linear
theory.

2.2. Parallel Electric Field and Counterstream-
ing Beams

As we mentioned, one of the characteristics of KAWs
is the presence of a field-aligned electric field which
leads to the decoupling of plasma from magnetic field.
Another important consequence of the parallel electric
field is the possibility that it may accelerate electrons of
ionospheric origin. As illustrated in Figure 4, a strong
parallel electric field can accelerate low—energy iono-
spheric electrons in the potential well in opposite di-
rections so that they may appear to be counterstream-
ing. This property of the KAW suggests an explanation
for measurements of low-energy counterstreaming elec-
tron beams observed in the low-latitude boundary layer
[Ogilvie et al., 1984; Takahashi et al., 1991]. Indeed,
electron beams are observed simultaneously with strong
wave activity at low frequencies [Song et al., 1993c].

The parallel potential ¥ can be estimated for the
KAW [Hasegawa, 1976]

T,
)~ kep!

v26B;
L2 13

= (13)
which is ~100 V for typical parameters Tp/T; ~ 0.2,
k2p? ~ 0.25, va ~ 400 km/s, Ay = 27k, ~ 4000 km,
8B, /By ~ 0.2,and By ~ 40 nT . The observed electron
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distribution function in the low-latitude boundary layer
indicates that counterstreaming electrons are present
with typical energies ranging from 50 to 200 eV. These
electrons could either be observed in the presence of the
wave or could be accelerated by the wave and continue
to persist after the wave has dissipated.

3. Comparison of Filamentary and
Turbulent Diffusion Models

In this paper we have presented a model in which
plasma decouples from the magnetic field lines and,
as such, can be compared with observations of mixed
filamentary structures which characterize the magne-
topause [Eastman and Hones, 1979; Sckopke et al.,
1981]. In this model, we consider only a single driven
surface Alfvén wave and estimate the filamentary dif-
fusion associated with it. If, instead, the MHD wave
givesrise to a broadband spectrum of turbulence (which
is not unlikely because the KAW spreads in frequency
rapidly, either by decay to ion acoustic waves or through
electron Landau damping), then the diffusion coefficient
can be calculated using the standard quasi-linear theory
[Hasegawa and Mima, 1978]. In fact, wave observations
near the subsolar magnetopause clearly show the exis-
tence of a low-frequency broadband spectrum of waves
in the sheath transition layer [Song et al., 1993a, b].
Because these waves are found in a region with a strong
density gradient, it is reasonable, based upon our pre-
vious discussion of KAWs, to assume that a substantial
fraction of this wave power is in the KAW mode and
has a parallel electric field.

In general, it can be shown that for arbitrary low-
frequency turbulence with a Gaussian distribution func-
tion the ion diffusion coefficient is

|E||k| 1

kﬁ32 Ik" |ves

exp(—v4 /20%)
(14)

where vy; is the ion thermal velocity. From (14) it is
clear that a parallel electric field is associated with the
diffusion process. Inserting E) for the KAW into this
expression, the diffusion coefficient can be estimated as

Dy, = Z(T zP z )(

Dy, =

™
(_)1/2
8 k

S REEES

xexp(—v3 /203)] (15)

where we have assumed that 7. /T; < 1. For each wave
in the k summation the contribution is the same as (12),
modified by the term in brackets which can be inter-
preted as a geometrical factor multiplied by the fraction
of particles resonant with the wave. If the observed low-
frequency waves at the magnetopause are KAWs, then
the waves may lead to Dy, ~ 10° m?2/s.

4. Conclusions

In summary, we have discussed the KAW as a source
for particle entry across the magnetopause. Because of
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the large gradients in density and magnetic field that
are found at the magnetopause, it is likely that solar
wind fluctuations generate surface MHD waves which
mode convert into KAWs. Because the scale length of
KAWSs is the order of p;, the waves can easily couple
with particles and cause transport across the ambient
magnetic field.

In this paper we have estimated the decoupling of
plasma from the field and have found the deviation
to be ~200 km which is the order of the width of
the magnetopause. On the slow timescale of the wave
the diffusion process may be considered to be the de-
coupling of bundles of plasma from magnetic field at
the magnetopause boundary. This mechanism may ex-
plain the observed filamentary structures observed in
the low-latitude boundary layer [Eastman and Hones,
1979; Sckopke et al., 1981]). An order of magnitude esti-
mate of the diffusion coefficient yields the correct order
of magnitude (10° m?/s). The effects of parallel velocity
on the diffusive process are critical and allow particles to
decouple from their initial field lines and be transported
perpendicular to the field. An obvious extension of this
work will be to compute the orbits of test particles in a
KAW, using different initial velocities.

A further implication of our analysis is that a strong
parallel electric field is associated with the KAW which
may energize particles to energies of the order of 100 eV.
This characteristic of the KAW may be applicable to the
observations of counterstreaming electron beams which
are frequently observed in the magnetopause boundary
layer.
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