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Abstract

A number of theories have been proposed in recent years to explain
auroral kilometric radiation. These inciude an anisotropic velocity dis-

tribution instability, mode conversion of electron cyclotron waves to

ordinary mode radiation, soliton radiation, beam driven instability of
% electromagnetic waves via low frequency turbulence, a loss cone insta-
tility, beating of coherent electrostatic waves, and beawm amplification of

electromagnetic waves via coherent density fluctuations. These will all

be reviewed and comparisons of prediction made with observations.

Emphasis will be placed c¢n the three recent proposals.

r ) e T

L "0 390n Fap
Fovre . o

ot [ 1)
SRR 3

. TH
BRI




I. INTRODUCT1ON

Auroral kilometric radiation {AKR) is a high-density radio wave
radiation in the freguency band between 50 and T50 kHz, with a peak
around 250 kHz, that has been observed emanating tfrom the auroral zone.
The radiation is too low frequency to penetrate through the ionosphere to
Earth, so all observations have been made by satellite. The first obser-
vational study of AKR was made by Gurnett [19T74), although it had

previously been discovered by Dunckel et al. [1970]. Measurements have

been made in the predominate source region at R ~ 2-3 Rj; by Hawkeye I

(Gurnett and Green, 1978], in the lower source region near 1.5 Rp by Isis
E

I |Benson and Calvert, 1979|, and outside the source as far away as

R -~ 100 Rp by Voyager I [Kaiser et al. 1978]

The AKR is closely correlated with the occurrence of discrete
auroral arcs, which are believed to be penerated by intense inverted V
electron precipitation bands |Gurnett, 19Th}. More recent data indicate a

direct correlation of AKR with the inverted V events |Benson and Calvert,

1979; Green et al., 1979]. The inverted V bands appear to contain high
enerygy beams closely aligned along the magnetic field lines, with bean
energies Ey ~ 5-15 keV or beanm velocities Vp T Vel - 0.2 ¢ |Matthews

et al., 1976; Kaufmann and Ludlow, 1980; Sharp et al., 1980}. (An

example of a high energy beam in the lower auroral with beam density to

plasma density ~ 1072 - 1073 is shown in Figure 1.) The electron preci-
pitation bands are the apparent energy source of AKR. When these bands
are not present, no AKR is observed and only a diffuse aurora appears.

The total estimated power output of AKR at peak is ~ 109 W, to be compared

with the maximum power dissipated by the auroral particle precipitation

of ~ 10 w. fhis indicates a 1% conversion efficiency |Gurnett, 19TL4].




The AKK events are sporadic and buarsty in nature. AKR data

obtained in the source from Hawkeye 1 |[Gurnett and Green, 1978] and lsis

-

1 [Benson and Calvert, 1979} show that the radiation is generated in the

X-mode just above the local right-hand cutort r'requency. The polarization
is further confirmed by direct measurcments of the AKR polarization from
Voyager 1 at R ~ 100 Ry using transverse pmonopole antennas [haiser and
Alexander, 1978|. The lsis I measurenents wlso show the radiation is
generated within density-depleted regions in the auroral zone where

(w

- ¥
“pe < U.d We s

pe is the plasma 'requency and W,, the electron cyclotron
frequency), and is primarily downcoming, nmmking angles between 60° und

90° with respect to the local magnetic rield [Benson and Calvert, 1979y,

James, LYb0].

In this article, we will review several theories that have been
proposed to explain the observed AKR, with emphasis on the three most
recent theories, which appear to have greater promise. (For an earlier
review, see Mages [1978]).  We will limit ocuruelves to terrestrial AKR,
although some theories nay be relevant to Joviaun decametric radiation.
(See Smith, LUTb, tor a recent review ot Jovian decametric radiation
theories.) Attention will be paid to the underlying physical mechanism of
each theory, the specific predictions made by the theories, and how well
they agree with observation. Ouggestion tor further observations which
will test predictions tor which evidence is presently unavailable will be
made. It should be noted that the more recent theories have the advantage
in that they were formulated with a greater abundance ot data available.
Thus, the extent to which a theory agrees with observation is not

necessarily an indication of the ingenuity of the theory.




1I. CONVERSION OF ELECTRON CYCLUTRON WAVE T0 U-MODE

A mechanism of double mode conversion of beam radiation was pro-
posed by Oya [197L] tor Jovian decametric raudiation, and was extended to
AKR by Benson [1979]. There are three processes involved in this mechan-
ism (see Figure 2). In the first process field aligned precipitating
beams and/or thermal anisotropies create electron cyclotron wave turbu-
lence.  These waves propagate toward decreasing plasma density {in the -x
direction) until they encounter the upper hybrid resonance: w % ”uh(X}’

In the second process, the electron cyclotron waves convert to the slow
X-mode (z wave, see Vigure 3) at the upper hybrid resonance layer,
reflecting bach toward increasing density. The 2z waves then propagate
into the plasma frequency cutogf layer w = wpe(x), where they convert into
the O-mode (see Figure 4) in the third process. These waves propagate in
the direction perpendicular to the density gradient and nagnetic field and
out Lo free space.

The predicted direction of the O~-mode propagation is almost per-
pendicular to the background magnetic field, in agreement with observa-
tion. The efficiency of this conversion was found to be ~10%. Thus, the
overall efficiency, which is the product of efficiencies ot all three pro-
cesses, is very unlikely to ever be the 1% that is measured for conversion
of electron precipitation energy to AKR. PFurthermore, the predicted
polarization (U-mode) is in disagreement with recent observations. Thus

we need a more direct wmechanism.




I1I. COHERENT AMPLIFICATIUN OF GYRUEMIUUCION BY VELOCITY BPACK
INSTABILIT1ES

Melrose [1973] first set forti & general theory of coherent
gyromagnetic radiation tor application tou several astrophysical phenomena,
including the Jovian decametric radiation. He applied the theory
specifically to a bi-Maxwellian distribution of streaming electrons with
different thermal velocities perpendicular and parallel to the magnetic
field, although the general approach could be applied to a number of
different distribution functions. le showed that an electromagnetic
instability arises from the velocity space anisotropy similar to the
Harris instability [Harris, 1959}, provided Bi > By where B,y =
[KT sy /me]l/2/c, and where T) and T are the electron stream lem-~
peratures perpendicular and parallel to the magnetic field.

In & later paper, Melrose [1u76) applied this instability parti-
cularly to the problem of auroral kilometric radiation and Jovian deca-
metric radiation. In this model, precipitating electron streams radiate
at a low level in the RX mode at the Dopper-shitted beam cyclotron
frequencies w Z nuw.e + K vy, and this radiation is amplified by the
instability. The dominant radiation was ound to occur near
w T wae + Kyvy 1if Woe << Yeps and w T Pw,, + kyvy if We > Weeo The first
case corresponds to the plasma conditions observed from Isis I. The radi-
ation at that frequency is accessible to tree-space provided kv <
wpez/wce' If the latter condition is satisfied, then the resulting fre-~

quency 1is just above the right-hand cutoff, in agreement with observation.

B




The condition tor amplification or the RX mode by this mechanism
typically requires T /Ty > 30. The measurenents of particle distri~

butions in the lower aurora by hwulnmann and Ludlow [1980] do not show

any significant thermal anisotropy, and there is no evidence of the exis-~
tence ol such large anisotroples, or nechanisms to produce them, elsewhere
in the aurora. Thus, it is un.ikely AKK could be produced by this
mechanisme. However, there are other instabilities which are capable of
amplifying the Doppler-shifted beam cyclotron frequency, as implied by
Melrose's general formulation. One such instability is the loss cone
instability, which was proposed by Wu and Lee [1979] and is presented

in vection VI. Another instability arises from nonlinear coupling tc¢ the

beam through interaction with low frequency waves |Grabbe et al., 1980]

and 1s presented in Yection VIII.
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Iv. BEAM DRIVEN ELECTROMAGHETIC LHOTABILIYY VIA LOW FREGUENCY
TURBULENCE

In the model proposcd by Falmuwdesso et ale, [1Y76], Fr oand Lo

modes propagating obliguely tou the nugnetic leld are assumed tou be
present 4t noise levels, and tu have thewr electric flelds wodulated by
low frequency turbulence present in toe aarora, wnich they specuaiated was
driven by electrostatic electron cycaotrun waves. Then vedt wave coald

interact witn the electron Leal provided

where (wg,k,) and {(w;,k{) are the rrequency ana wavenunbers of the elec-
tromagnetic wave and low Ireguency waves, respectivelr, and vy, the bean
velocity. Thus the bean feeds energy into the electroumagnetic wave

and causes it to grow.

Palmadesso et al. tound that in order to get sufticlently ef-
ficient transter of beam energy to the electromagnetic wave, the beat wave
of slow phase velocity wolki << wy/k, ~ ¢ was required to ve almost a
normal (electrostatic) mode of the systen. For high frequency waves,

8

this limits the frequency to wge < & < wy (see Figure ), which is the
only regime with an appropriate normul cicetrostatic mnode to couple to.
As the two umodes (both of which are amp.ified in this theory) propaguate
out to free space, only the LU mode is wccesivie (i.e., encounters no

cutoft enroute) to free space Lecause the ka mode is evanescent between

Wonh and Wy, hence would Le the polarization observed. This conclusion

is in disagreement with the nore recent polarization meawsurcments.
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The most efficient wave growth occurs for We < which is the

Yeeo
case observed. uUrowth lengths of 50 ki to a few hundred km are predicted,
which are marginally adeyuate to produce the observed AKK levels. Recent
observations have shown the low frequency turbulence (which was assunmed

incoherent) in the aurora appear to be strong coherent electrostatic ion

cyclotron (EIC) waves (Temerin et al., 1979; Lysak et al., 1980). This

suggests modified versions of this theory may hold promise. Such a

modified version is discussed in Section VIII.




V. SOLLITON BADLIATION

The original version of a theory of AKR as soliton radiation was

proposed by Ga.cev and Krasnoselkikh [1y7ul, in which electron beams were

assumed to be rormed in the external region of the magnetosphere where
Whe > wo.+ Unuer these conditions, the electron beam could lose up tu L0%
of its energy to Lamsuuir wave excitation. When these waves are strong

enocugh, the pondercmotive torce can drive the modulational instability

| Rudakov and Wsytovich, 1y(oj, which creates density cavitons that trap

the Langmuir waves. These are Langnulr solitons and they subsequently

collapse and radiste at w = Zw (For a« more detailed discussion of

pe’

. this process, see Maggs, [(1476]).

The assumption w,e > Wee disugrees with recent observations that

X show Woe < w., in the AnK source region. In the latter case, not only is
the w = 2w, radiation inaccessible to free space, but Langmuir solitons
Ps

cannot exist or collapse at all. For those reasons Istomin et al. [1978)

proposed a tiew version of the theury involving radiation from electro-
static electron cyclotron solitons, which can exist tor Whe < W,o. The
solitons collapse and radiate at w X 2w.,. lstomin et al. estimate that
the required efficiency necessary to produce observed levels of AKR is

achievable if the ratic of beam to plasma density is nb/nO ~ 3 x 103, 1n

a later paper, Cole and Pokhotelov [1980] showed that this theory is

capable of explaining the power levels of AKR as well as other qualitative
features of the radiation.

The principle problem with this theory is that the radiation

frequency appears to be too high to lie in the observed narrow band just

St

W‘_m -‘
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above the right hand cutoff wg = 1/2 luge + (05e? + wye?)1/2] < 1,05 we

for wpe2 << wge?s reported by Benson and Calvert [1979] and Benson et al.

[1980]. However, it is conceivable that the source region has been
misidentified so that the true source is higher than the region identified
as the source from Isis 1 data. If the real source is about 1.25 times
the identified geocentric attitude of the source region, the soliton
radiation theory would be a possible AKR mechanism. This corresponds to
a difference in height between the source and the Isis I AKR observations
of 1500-2000 km. However, this possibility would be in contradiction to
the recent conclusions by Calvert [1981] from the AKR gap signatures on

Isis 1 ionograms that the AKR source could be no higher than 130 km above

Isis 1.
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VI. LOSS CONE INSTABILITY
A mechanism involving unstable loss cone distributions was first
proposed to explain the Io-modulated component of Jovian decametric

radiation |[Wu and Freund, 1977). In that model, a fraction of the

electrons in the Io flux tube which are accelerated by the lo-sheath
became trapped in the Io flux tube because their pitch angle is larger
than the local atmospheric loss cone. These electrons give rise to
induced emission near their mirror points because of the loss cone free
enerygy in their distribution function. Later, a loss cone model was
proposed to explain the Ilo-independent decametric radiation [Goldstein
and Eviatar, 1979].

The loss cone model was applied to AKR in Wu and Lee 11979} and

Lee, Kan and Wu {1980}. 1In this version of the model, some of the elec-

trons which are injected from the plasma sheet and magnetosphere are as-
sumed to descend into the upper atmosphere (ionosphere) with varying
pitch angles. Because of the converging magnetic field lines (magnetic
mirror), there is a loss cone angle Oge given by

Brax=Bumin 1/ = c¢cos O

Brax te (2)

where B, and Bp;, are the maximum and minimum magnetic field encoun-
tered by the injected particles. klectrons with large pitch angles out-

side the loss cone, i.e., with velocity components

M < cos U
Vi Lc (3)
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reflect and ascend back into the aurora, These ascending electrons
thus have a loss cone distribution (see Figure 6).

Wu and Lee use the following dispersion relations for the

two modes
2 )
2.2 w of of v, J, T (b)
Kk e 3~ \ 1°1
1 - S + a’vw kyv, s—| = 0 (X-mode)
T ce av, I Lavy | o A=)
) 2 2 2
C2k2 mpe 3 of af v”Jl(b)
1 - ——E—»+ > d-v Weo §;-+ k“Vlﬁ——' S (R v A = 0 (0O-mode)
LR 5 " VI Ve Y

where Jl(b) is the Bessel function of first order, b = kivi/wce’ and

2
Y~1+1/2 X% is therelativistic term which couples the perpendicular
electron motzon to the waves. Thus relativistic effects allow the
free energy of the loss cone distribution to be absorbed by the
electromagnetic waves in the model.

A typical set of growth rates found by Wu and Lee from the
dispersion relation is shown in Figure 7. It is seen that the X-mode
grows faster than the O-mode in this model., This is to be expected,
since the X mode interacts with the particles to a much greater extent,
and thus could absorb the free energy of the loss cone easier. Thus

the X-mode is expected to be the dominant polarization, in agreement

with observation. If one includes higher harmonic terms in the

(4)

- CT——T Y -




dispersion relation, which have w - mw,o/Y + kv in the denominator,
the theory might well yield a harmonic band structure with resonances
near w ~ mu.o/Y + kyvy tor m = 1, 2, 3, .... Wu and Lee introduced a

local density-~depleted cavity in the aurora which they assumed to be

present to provide a waveguide for wave growth by multiple reflection off
of its boundaries, and ultimate free space accessibility. From the penson
and Calvert determination upe "~ 0.2 wog, w> wy ~ 1.04 w.e is the

minimum required frequency for propagation. This puts the growth rate in
Figure 6 an order of magnitude below its maximum shown.

Although the normal loss cones in the lower aurora have

Ae

Oge < 18°, Mizera and Fennell {1977] have reported enhanced loss cones of

30° < Ogc % 60° apparently procduced by large parallel electric tields.
This is to be compared with Oy, = 56.5° in Fig. T. Thus, enhanced loss
cones appear adeguate to produce AKR, even though the ordinary loss cones
are not (since they are too small to cause instability). Future satellite
missions could help establish or disestablish this mechanism by studying
the correlation in space and time ot AKR with the loss cones.

In the later paper, Lee, Kan and Wu [1980] expand their theory

to include dispersive effects in their growth rate. They predict that AKR

produced bty their mechanism would lie between 2000 km and 9000 km in
altitude. They alsoc note the theory predicts a close correlation between
AKR and the inverted V events.

A shortcoming of the theory is the fact that it predicts the wave

direction to be upgoing (in the direction of the loss cone particles),

propagating almost perpendicular to the magnetic field. Observation shows

the wave is downgoing, making an angle O with respect to the magnetic
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field, where 60° < © < 90° [James, 1980}. This discrepancy must be

cleared up before the theory can be accepted as the mechanism for AKR,

P P

¢T3 —on
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VII. NONLINEAR BEATING OF ELECTROSTATIC WAVES

The use of electrostatic waves to produce electromagnetic AKR was
originally proposed by Barbosa [1976]. Barbosa considered the incoherent
beating of upper hybrid waves (w ~ W, > where w)y is the upper hybrid
frequency) and used the random phase approximation to treat the inter-
action. He found that the electric fields of the upper hybrid wave had to
be > 3 V/m to generate the power levels observed for AKR,

Because required amplitudes for upper hybrid waves to produce AKR

by the incoherent mechanism appear unreasonably high, Roux and Pellat

{1979] proposed a coherent mechanism. In the latter theory, the source
of energy is again electrostatic waves, which are d:riven unstable by the
auroral electron beams. These waves can exist in two high frequency

regimes for which solutions to the electrostatic dispersion relation are

possible:

(1) Wy < @ < min (Lupe, wce) = wpe

(2) max (mpe, Wog) = Woe <w < uwyy

In the inhomogenous plasma medium, electrostatic waves propagating toward
decreasing density and/or magnetic field approach the upper and lower
hybrid resonances: w = wy, and w = wy . The waves undergo a geometrical
amplification near these resonances and a large amplitude narrow spectrum
of waves develops there. Thus, a large amount of electrostatic energy
develops near the hybrid resonances.

The electrostatic hybrid resonance energy may be converted into

electromagnetic waves by a nonlinear three wave process: £ + & * t.

Four possible variations may occur:
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(1) wyy + Wy, * 0 mode at @ %oy,
(2) Wen ¥ Wy ? X mode at w = “@
(3) wip + oW,y * 0 mode at w & 2wy,

(&) wy * @y * X mode at w oS 2wy,

Case {2) was ruled out because of the inaccessibility to free space aris-
ing from the evanescent layer between w,, and wgz. Roux and Pellat's eval-
uation of the other three processes shows case (L) is the most probable
and efficient, producing ygreater amplitudes than the other two. Thus the
predicted polarization is correct, but the predicted frequency is appar-
ently twice that observed. However, this freqguency may still be viable if
the source is substantially higher than the region identified as the
source from current satellite data (see discussion in Section V on this
issue).

For reasonable electron beam velocities and expected generated
energies of upper hybrid waves, Roux and Pellat find AKR field amplitudes
of a maximum of E ~ 40 mV/m may be created in the source. Isis I measure-
ments indicate L fields of ~ Lk mV/m at £ ~ 500 kHz, and would be expected
to be 3 to 10 times this at the peak frequency. Thus the homogenous
theory of Roux and Pellat gives a {marginally) adequate amplifying effi-
ciency. Large density inhomogeneities and fluctuations may reduce this
efficiency.

Although case (4) was picked to be the prevailing process, James
{1980] has pointed out that a modified version of case (2) may be a viable
process. Since wgy + wy, 1s quite close to the X-mode cutoff frequency,

replacing the lower hybrid wave with a wave or slightly higher frequency

.
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would put it above cutoff. In particular, James proposes combining a
vhistler wave with W > wy, with a z-wave (slow, guasistatic X-mode in
range ug, < w < wuh)' Jones [1977] presented an earlier version of that
theory. This area needs further investigation.

Two other areas must be investigated with respect to this theory,
in addition to resolving the fregquency yuestion, One is the question as
to whether the theory can predict the angular spectrum oD < 0 < 40°,

The other is whether there are large amplitude upper hybrid waves

{z-waves) in the AKR source region {whistlers are known to be there), and

whether a correlation between the two can be established.
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VILL. BEAM AMPLIFICATION OF BLECTROMAGNLTIC WAVE VIA COHERENT EIC
DENSITY FLUCTUATIONS

In the proposal of Grabbe et al. {1980], electromagnetic noise
interacts with low frequency coherent quasineutral density fluctuations
created by KIC waves, in the presence of precipitating auroral electron
beams. The result is a three wave (parametric) process, in which beat
waves are produced which can interact with the beam, much like the theory

of Palmadesso et al. {1976]. It was found that when wave frequency was

Just below the Doppler shifted beam cyclotron frequency, W < W.o + Kk;Vy,
and the polarization in the X-mode the electromagnetic wave would undergo
a convective instability. The basic requirements for this instability
were found to be:

(1)  Minimum beam density:

i 2
n K, \ &
L > Z( V) (5)
Ng 2WeeVy

where Av is the thermal beam velocity spread.
(2) Accessibility to free space: (w > wR)
w

pe2 < KzVplee (6)

Combining the limitations on frequency for instability and accessibility

to free space pives a predicted radiation band in the narrow range

w
e .
wee + P8 < w < we KV, r)
Yee




1y

Just above the right hand cutoff, provided the upper limit is greater than
the lower limit (i.e., that kq. (6) is satisfied.) Furthermore, combining
Egs. (5) and (6), we have a limitation on the parallel component of the

wave vector:

2

ERS__ < kz <.ESES:EEE (8)
Vp¥ee (Av)ano

This equation typically limits the wave propagation direction to be almost
(but not quite) perpendicular to the magnetic field. Both predicted
limitations on frequency and wavenumber are in excellent agreement with

the Isis I measurements [Benson and Calvert, 1979].

Several other predictions can be made from the restrictions given
by Eq. (5)-(8). Eq. (6} typically yields We < 0.2 Wee, in excellent
agreement with the Isis I measurements. This reguires local depletion ot
the density at the source and may give rise to a density waveguide which
allows for long growth lengths by multiple reflection off of its bound-
aries, much as in the Wu-Lee theory. Typical spatial growth rates are
shown in Figure 8. Typical total growth lengths of L ~ 100 km were found
to be adequate to produce observed AKR power levels from electromagnetic
noise. The O-mode has no frequency which gives an instability, hence the
predicted polarization is that of the X mode, as observed. Furthermore,
because of the restrictions in Egs. (9) and (7), local temporal variations
in plasmwa density, magnetic field, beam velocity and beam spread in
regions of marginal stability may shut the radiation on and off. This
could explain the bursty nature off ARK.  vinally, o warm plaswa theory

ylelds further unstable frequency ranges at w ¢ nw

ce t kzvb tfor n an
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integer. Some evidence for such a harmonic band structure was obtained by
the Isis I data.

All of the above conclusions were based on a steady state nodel
analysis, in which the energy in the density tluctuations was assumed to
be replenished by the beam or other sources at approximately tlie same rate
as it was being used up. However, the Feynman diagram for the three wuave
interaction {Figure Y) reveals that a more dynamical process is taking
place. Not only is energy being resonantly transferred from the density
fluctuations to the electromagnetic wave in the appropriate frequency barnd
because of the beawn, but the energy the beam injects into the beat wave i
beinyg transferred back tu the density fluctuations and the electronagnetic
wave because of a finite three-wave coupling coefticient. This coupling
coefficient was ignored in the steady state theory, but must be included
to understand the rfull dynamical process.

A set of coupled nonlinear rate equations for the evolution of
each of the three waves in Figure 9 were analyzed by Grabbe [1981}. The
results show that observed power levels of AKR can be obtained for growth
rates found in tune steady state theory. It was found that convection out
of the resonant region appears to be more important in causing the growth
to saturate than nonlinear saturation.

In summary, this model of AKR provides several predictions which
are in good aygreement with observation. However, an important assumption
of the model is that low frequency density fluctuations (assumed to be

produced by coherent EIC waves like those seen by Lysak et al. [1980} and

Temerin et al. [1979]) play an important part in AKR. EIC waves have been

observed in the range of 5000 km to 8000 km altitude (2-3 RE) in the
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aurora, which is also the general source region of the nost intense AKK.,
However, observations of EIC waves below 5000 ki are rare, even though AKR
is observed down to about 3000 ki (1.5 Rp). Other types of low frequency
density fluctuations could easily be used in this mechanism; EIC waves are
not necessary, they are just the most likely candidate. There have not
been, however, sufficient measurements at the low altitudes for valid
statistics. Future observational studies are necessary 1o see if the low
altitude coherent density fluctuations are present and to investigate the

correlation of density fluctuations or EIC waves with AKR.




IX. SUMMARY

A variety of plasma theories have been proposed tor AKR. It was
seen that only three give the correct prediction of both tue frequency and
polarization of the AKR: Melrose [(1Y73], Wu and Lee |(1974] and Grabbe

et al. [1980). (The possible modification of the Roux and Pellat theory

would also be capable of predicting these.) All three of these are
tavored by the local depletion of the density in the source region and
give very precise predictions as to what this density should te for a
given local magnetic field, lowever, one of these (Melrose) predicts
auroral electron distribution functions with large anisotropies, which
is not supported by available measurements of tie auroral electron dis-~

tribution functions. This leaves the theories of Grabbe et al. and Wu

and Lee. Both theories are capable of predicting several other observed
properties of AKR, although the Wu and Lee theory has a problem with the
direction of propagation of the radiation. A crucial test of the theory .

of Grabbe et al. will be establishing a correlation between AKR and low Ny

freguency density fluctuations, as well as finding the low fregquency }

density fluctuations in the lower altitude AKR source. A crucial test of

the Wu and Lee theory will be establishing a correlation between AKR and 4
the enhanced loss cones.

Four comments are in order on the comparisons made with available
observations. First is the possibility that future satellite missions

might find the large anisotropy of the auroral electron distribution

functions required by the Melrose theory. Second is the possibility that

available measurements of the AKR source region are sufficiently

inaccurate that the theories of Istomin et al. and Roux and Pellat, which




predict a freyuency at close to twice the observed local right hand

cutoff, might be viable. However, both ot tie possibilities seem rather

improbable in light of the abundance of the data on these matters, Third

is the possibility that moditications of one or more of these theories,

such as the proposed modification of the Koux and Pellat theory, may yield

a more promising theory in the same way that a modification of the

theories of llelrose, Palmadesso et al. and Galeev et al. yielded the more

promising theories presented in Wu and Lee, Grabbe et al. and Istomin et |
al., respectively. A tinal point is that the mechanisms proposed by

Istomin et al. and Roux and Pellat, which cause radiation at twice the i

observed freguency, may contribute to the first harmonic of any harmonic

band structure of AKR.
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FIGURE CAPTIONS

Three dimensional plots of the electron velocity distribution
functions observed in the lower aurora. (From Kaufwann and

Ludlow, 1980.)

Schematic of the double mode conversion process in the

inhomogenous plasma, proposed in the theory of Oya and Benson. z

Dispersion relation of the extraordinary (X) mode, showing the
fast (FX) and slow (SX) wave branches. The band of observed
AKR frequencies is indicated. w, and wg are the left and right

hand cutoffs, respectively.

Dispersion relation of the ordinary {(Q0) mode.

Diagram showing the frequency ranges in which electrostatic waves

can exist, which occur when K /Ky is negative.

A loss cone velocity distribution function, in which the low

velocity particles (v /v < cos Og., where Op. is the loss cone

angle) are missing.

Plots of the growth rates for the X-mode and O-mode Just above

the cyclotron frequency in the theory of Wu and Lee for a loss

cone angle of 0Op. ~ 56.5°. (From Wu and Lee, 1979.)




e

T e D

Fig. 9

31

Growth lenygths of the X mode found in the theory of Grabbe et al.
for beam velocity vy, = 0.2 ¢, thermal spread &v = 0.3 vy and beam
ny = 10-2 n, » With n, the plasma density. A frequency of f ~ 200
kHz was assumed. Here the horizontal axis is the ratio of the
wavenumber of the electromagnetic wave to the ion wave, and

€ = o0n/n, 1s the ratio of the density fluctuation to the back-

ground density. (From Grabbe et al., 1980.)

A three-wave Feynman diagram used to study the dynamical evolution
of AKR. Processes indicated by the numbers are: (1) Induced
absorption (2) Beam amplification (3) Induced emission. Here W and

Y are the coupling coefficient and growth rates that appear in the

rate equations.
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