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Wideband bursts of auroral kilometric radiation
and their association with UV auroral bulges

J. Hanasz,! H. de Feraudy,? R. Schreiber,®> G. Parks,* M. Brittnacher,*
M. M. Mogilevsky,”> and T. V. Romantsova®

Abstract. Impulsive wideband bursts of auroral kilometric radiation (AKR)
observed from the Interball 2 spacecraft are characterized by a rapid rise of
intensity (< 1 min) over a wide frequency range from 30 to 900 kHz, followed by
a decay over a few minutes. Their source regions expand rapidly both upward and
downward along the auroral field lines. The expansion velocity is determined from
the rapid broadening of the frequency range of their leading edge (sometimes more
than 100 kHz s™!). The drifts can be negative or positive. Above 500 kHz the
inferred downward source expansion is sometimes as small as 2 km s~! (at altitudes
below 3000 km), much smaller than the velocity of the ion sound waves. In the
medium frequency range 200 - 500 kHz (3000 - 6000 km) the expansion velocities
are usually large, sometimes more than 3000 km s~!, comparable to the velocity of
the Alfvén waves. In the lower frequency range, below 200 kHz (> 6000 km), the
bursts show an upward source expansion, often simultaneous with the downward
expansion of the same source below 3000 km. We observe a close association of
the AKR bursts with the fast expansion of the auroral bulges recorded with the
UV imager on Polar. It is concluded that the bursts are triggered during the
rapid development of auroral substorms. The bursts show a microstructure, which
consists of multiple microbursts lasting sometimes less than 6 s. They indicate that
the source regions are filamented. This filamentation may be the counterpart of a
filamentary nature of the currents closing the current wedge, flowing parallel to the

geomagnetic field.

1. Introduction

The auroral kilometric radiation (AKR) discovered
by Benediktov et al. [1965] is observed most often at fre-
quencies from 30 kHz to ~ 1 MHz. It originates from the
nightside auroral magnetosphere [Gurnett, 1974; Kurth
et al., 1975]. It is now well established that this ra-
diation is emitted at the electron gyrofrequency [e.g.
Benson and Calvert, 1979; Bahnsen et al., 1989]; thus
its sources must extend from ~ 2000 km to 20000 km
above the Earth’s surface. Among a number of mecha-
nisms invoked for the AKR generation, the most widely
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accepted one relies on the electron cyclotron maser in-
stability (CMI), proposed by Wu and Lee [1979]. In
this mechanism the kinetic energy of the electrons ac-
celerated transversally to the geomagnetic field, to en-
ergies ranging from 1 to 10 keV, is converted to elec-
tromagnetic extraordinary or ordinary waves at a fre-
quency extremely close to the electron gyrofrequency.
This conversion takes place during processes associated
with the geomagnetic substorms. The AKR relation-
ship with discrete auroral structures was discovered by
Gurnett [1974], and its correlation with auroral mag-
netic activity was statistically proven by Voots et al.
[1977], Kaiser and Alezander [1977], Green et al. [1982],
and Benson and Akasofu [1984]. Excellent examples of
AKR sources traced along their field lines to the bright
auroral arcs were shown by Huff et al. [1988]. A corre-
lation of AKR with the 2 - 12 keV x-ray flux of aurora,
based on Polar observations, is reported by Imhof et al.
[1998]. The first crossing of an AKR source by a space-
craft was shown by Benson and Calvert [1979]. Until
now the association of the AKR with auroral structures
has been best illustrated with the observations of the
Viking spacecraft, where UV images of the aurora were
available. On several occasions, source crossings were
observed precisely at times when the footprint of the
spacecraft field line crossed the auroral arcs [de Fer-
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audy et al., 1987a]. The source crossings by FAST (Fast
Auroral Snap shoT) spacecraft [Ergun et al., 1998] con-
firmed the earlier observations [de Feraudy et al., 1987a]
that the AKR sources are density-depleted cavities ex-
tending 30 to 300 km in latitude, in which cold electrons
are nearly expelled, and that the AKR wave field has
electromagnetic character. Waves observed by Ergun
et al., [1998] have much higher amplitudes than those
observed by Viking.

Most often, the AKR events were reported as be-
ing long-duration activity, lasting sometimes for hours,
in rather slowly varying frequency ranges. What we
present in this paper is quite a different pattern. We
show impulsive emissions of AKR, very rapidly reaching
broad frequency ranges, growing and decaying in tens
of minutes. We also show that they are closely associ-
ated with the expansion phase of magnetospheric sub-
storms, manifested by the rapid development of an au-
roral bulge. This is clearly demonstrated by sequences
of images taken by the UV imager aboard Polar.

These impulsive emissions, called wide band bursts
of AKR (WBB-AKR), are occasionally distinguished
among other radio emissions showing a variety of spec-
tral structures, including the long lasting AKR, which
are commonly observed in the range from 30 to 900 kHz
with the POLRAD (POLarization of RADioemission)
radio spectrograph aboard Interball 2. The WBB-AKR
are manifested by a sudden commencement (< 1 min)
of the emission over a wide frequency range, followed
by a decay lasting for ~ 10 min or more. Although
they must have been observed in dynamic spectra ob-
tained from other spacecraft, apparently not much at-
tention has been paid to them. Morioka et al. [1981]
showed one in the Jikkiken (Exos B) spectra and de-
scribed it as a sudden expansion of observed emis-
sion bandwidth (see their Figure 5). Also, behavior
of some AKR events described by Kaiser and Alezan-
der [1977], namely, their rapid intensification and band-
width broadening as functions of substorm phase, re-
sembles spectral and temporal features of WBB-AKR
shown in this paper. We must mention the low fre-
quency bursts, sometimes called the terrestrial type III
bursts (because of their similarity to the solar type
IIT bursts), which are observed between 30 and 100
kHz [Anderson et al., 1996; Desch, 1996; Steinberg et
al., 1988]. They have different spectral characteristics,
but our observations suggest their association with the
WBB-AKR, which needs to be studied. Some of them
extend in frequency up to 500 kHz, with unmeasur-
able frequency drift at higher frequencies [Kaiser et al.,
1996]. We note their similarity to WBB-AKR.

In this paper we concentrate on observational fea-
tures of the WBB-AKR and their association with UV
auroral events. The paper is organized as follows. In
section 2 we present observations of the AKR bursts
and their features. In section 3 we show the association
of the WBB-AKR with the rapid expansion of UV au-
roral bulges observed with the ultraviolet camera [Torr
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et al., 1995] aboard the Polar spacecraft [Acuria et al.,
1995]. In section 4 we discuss the observed features of
the AKR bursts in terms of the general knowledge of
AKR and substorms. In section 5 we present our con-
clusions.

2. Observations of AKR Bursts

Interball 2 was launched on August 29, 1996, to an
orbit with apogee 19140 km, perigee 780 km, inclina-
tion to the equator 62.8°; and nodical period 5.9 hours
[Galeev et al., 1995; Zelenyi and Sauvaud, 1998]. It is
spinning with a period of 120 s, around an axis directed
to the Sun. POLRAD is a step frequency analyzer,
swept over one of two frequency ranges: 4 kHz to 1
MHz, or 4 kHz to 0.5 MHz, with repetition periods of 6
or 12 s and a frequency resolution of 4.096 kHz [Hanasz
et al., 1998a]. The receiver stays at each frequency step
for 25 ms or 50 ms, depending on the operation mode;
the time constant of the output filter is 6 ms. Three in-
dependent channels allow reception of signals from three
perpendicular antennas: one located along the spin axis
(11 m long) and two others (22 m) located in the plane
perpendicular to it. One mode of POLRAD operation
is devoted to measurements of the wave polarization.

In preflight calibrations a special care was put on the
nonlinear effects produced in the receiver at sum and
difference frequencies of an input signal, when its ampli-
tude exceeded some instrumental level. The threshold
of this nonlinearity was determined on a level of 63 dB of
the total integrated input signal over the receiver level.
In the most sensitive mode of POLRAD operation (in-
put attenuation 0 dB) the effect was easily recognized
as a frequency broadening of a signal whenever a suffi-
ciently strong AKR emission was met. This broadening
was fully reduced by introducing the attenuation of 20
dB between the antennas and the receiver in the oper-
ational mode, which covered most of the observational
time. To avoid damage from the radiation belts most
of POLRAD observations are carried out generally at L
shells > 4.5, that is, within the auroral zone and above
the polar cap.

From the start of Interball 2 operation through De-
cember 31, 1997, we have identified 123 intense and rel-
atively separable bursts of AKR. Their intensity, some-
times exceeding 107 W m~2 Hz™!, is well above the
AKR background, usually by more than an order of
magnitude. Sometimes they are observed as isolated
spectral structures, without any detectable background
AKR emission. Their polarization, as measured by
POLRAD, is in the righthand extraordinary mode, the
same as that for the background AKR.

Spectral features of WBB-AKR are shown in Plate 1.
They are characteristic for a sudden increase of their in-
tensity over a wide frequency range, so that the maxi-
mum is usually reached in less than 1 min. It is followed
by the intensity decrease observed for the order of 10
min in the main part of the bursts. These features are
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Figure 1. Intensity profiles for a series of auroral kilometric radiation (AKR) bursts on November
18, 1997, superimposed on the AKR dynamic spectrum. The intensities are integrated over a
bandwidth of 41 kHz. The lowest profile shows intensity variations for the lowest bandwidth

4 - 45 kHz.

illustrated in Figure 1, which shows the dynamic spec-
trum of the three AKR bursts with stacked intensity
profiles superimposed on it. The profiles are integrated
over subsequent 41 kHz frequency bands.

Some well defined events clearly show rise times as
short as 6 s, the repetition period of the step frequency
analyser (SFA) (Plate 1la). Sometimes they initiate
AKR activity lasting for several hours. They appear
in the frequency range between 30 and 900 kHz and are
characterized by fast frequency drifts of their leading
edges, often exceeding 100 kHz s~! and sometimes hav-
ing unmeasurably high values. The WBB-AKR can be
grouped into four classes according to the drift rates of
their front edge: (1) unmeasurably high (Plate 1a), (2)
negative (Plate 1b), (3) positive (Plate 1c), and (4) bow
(with positive and negative drift) (Plate 1d). An addi-
tional, fifth class must be introduced, but it will not
be discussed here. It consists of bursts accompanied
by a simultaneous detached bright dots at the lowest
frequencies (Plate 1e). They are shaped like an excla-
mation sign. These bursts, like the ordinary bursts, can
also have different drifts of their main body. The dots
are narrow frequency bands 10 to 30 kHz wide, cen-
tered usually at frequencies between 30 and 100 kHz
and lasting for the order of a minute. Sometimes they

are connected with the main burst bodies by bridges of
weaker emission.

Plate 1a shows a sudden increase of emission over a
frequency range from 150 to 700 kHz, within 6 s, one
period of the frequency sweep of the instrument. The
estimated drift rate was then > 100 kHz s~!, which cor-
responds to the expansion velocity of the AKR source
exceeding 1700 km s~* along the field line, assuming
generation at the gyrofrequency of electrons. The di-
rection of the expansion cannot be determined for this
case. Plate 1b shows a burst with a negative frequency
drift of ~ 8 kHz s™!, corresponding to the velocity of
an upward source expansion of 200 km s™!. Plate 1c
presents a burst with a positive frequency drift of 3 kHz
s™!. The time difference between the upper and lower
parts of the burst determines the drift timescale. For
this burst it was 2.5 min. The estimated source expan-
sion was 30 km s™! downward. Plate 1d is an example
of a burst with the front edge shaped as a bow. The
corresponding source expansion begins at a frequency
of ~ 400 kHz (the source is located ~ 4700 km above
the Earth’s surface) and develops upward and down-
ward with velocities of 50 and 20 km s™!, respectively.
The distribution of the source expansion velocities de-
rived from average burst drift rates is shown in Table
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Table 1. Source Expansion Velocities Derived From
Burst Drift Rates

Drift Type Drift km s™'  Cases (All) Exclamation
Non-measurable > 3000 46 19
Negative 2-1000 23 6
Positive 5-1000 23 9
Bow 10 to > 3000 25 1
Irregular - 1 0
Undetermined ? 5 4
All together 123 39

1. Generally, the drift rates of the leading edge of the
bursts vary with frequency. Most often the edge struc-
ture can be divided into three parts according to the
drift rates: the center frequency range (approximately
from 200 to 500 kHz) with the highest drift, the up-
per frequency range (above ~ 500 kHz) with positive
drift, and the lower range (below ~ 200 kHz) with neg-
ative drift. The leading edge usually appears first in the
center frequency range (200 to 500 kHz). For the cor-
responding range of source altitudes, 3000 - 6000 km,
the expansion velocities were often large and sometimes
nonmeasurable, above 3000 km s™! (see Table 1), com-
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parable to the Alfvén velocity (the order of 10,000 km
s71). In this case the timescale of the frequency drift,
defined as a time difference between the earliest and
latest time of the drifting edge, was as short as 6 s (a
period of sweep repetition). The longest observed drift
timescale was 3 min. The drift timescale of the WBB-
AKR can range therefore from 6 s to 3 min.

The upper parts of the bursts extend from ~ 500 to
800 kHz. One striking feature is that WBB-AKR are
generally standing out from the background AKR emis-
sion, not only in intensity but also in a frequency range
(see Plate 1c, Figure 1 and Figure 2, Plate 2 b (1510
and 1554 UT)). Their peak frequencies, 700 - 800 kHz,
are above the upper cutoffs of the background AKR,
while the lowest ones are often below its lower cutoffs.
The altitudes of the source bottoms corresponding to
the upper cutoffs are between 1200 and 2600 km, lower
than the source altitude for the background AKR.

Plates 1 and 2 and Figures 1 and 2 show that the
upper parts are much shorter in time and sharper than
the medium and lower parts. Here the intensity of the
AKR bursts can abruptly increase and further abruptly
decrease by 1 - 3 orders of magnitude in time of 1 to
several frequency sweeps of the SFA (timescale of 10
s) (see, for example, Plate la and Figure 1). In the
frequency domain the emission cuts off in one to several
frequency steps of 4.096 kHz. Similar upper frequency
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Figure 2. Examples of high-frequency drift rates, at (left) a high frequency part of the burst,

and (right) a low frequency part of the burst.
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cutoffs have already been found for the AKR emission
by Hanasz et al. [1998b]. The burst peaks are sharp,
often lasting no longer than one frequency sweep. The
timescale of intensity variations at upper frequencies is
estimated to be of the order of 10 s.

The summary of temporal characteristics of WBB-
AKR is as follows: The rise time is < 1 min for the
main part of the bursts, except for the upper frequency
part where it is ~ 10 s; the decay time is of the order of
10 min for the main part, except for the upper frequency
part where it becomes ~ 10 s; and the drift timescale is
6 - 180 s, of the order of 1 min.

The upper frequency parts of the bursts, from 500 to
800 kHz, have been analyzed in detail for 13 cases. Over
this small sample, it appears that the leading and trail-
ing edges of the source region move much slower than
those of the medium-frequency range, with velocities of
the order of 3 - 30 km s™!. Their downward velocities,
corresponding to increasing frequencies, are generally
higher than the upward ones of the trailing edges: on
the average, 14.3 against 10 km s~!. However, on some
occasions the reverse is observed. The edges are sharp
and well defined, and the expansion velocities can be
measured with a relative accuracy of 17%, much better
than the dispersion of the values, which is 7.5 km s~!
over 28 samples. For example, in one case the velocity
was as low as 2.3 km s™!. One striking feature is that on
many occasions the velocity stays fairly constant over
an altitude range spanning over 500 km and sometimes
up to 1000 km.

In the lower frequency range, below 200 kHz, the
leading edges usually present a negative frequency drift,
which may correspond to an upward expansion of the
source region, simultaneous to the downward expansion
of its lower edge. However, care must be taken when
the altitude of the source region is comparable to that
of the spacecraft. Then, since the AKR rays are emitted
inside a cone with an axis along the magnetic field and
with an opening angle less than 90°, the access of the
AKR to the spacecraft can be subjected to geometri-
cal constraints, which give rise to dispersion features on
the spectrograms. At the lowest frequencies the decay
time is often shorter than that at medium frequencies;
however, this may be the effect of a limited propagation
cone.

The border frequencies between the three ranges de-
scribed above are highly variable. In some events (see
Figure 2, left) this upper frequency part is absent, and
the upper frequency of the medium range becomes the
highest frequency of the burst (800 kHz). The corre-
sponding expansion velocity is high (above 3000 km
s71). Sometimes the medium part can broaden down-
ward, below 100 kHz, equivalent to a source altitude
above ~ 10,000 km (see Figure 2, right).

The bow-shaped bursts in Plate 1d, is characteristic
for double-sided expansion of the AKR source region.
They show that the first excitation of the source region
takes place in the medium altitude range of ~ 4000 km
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(corresponding to 400 kHz), and the excitation further
proceeds simultaneously upward and downward. For
the case of the bow shown in Plate 1d the expansion
velocities are 24 and 35 km s™!, respectively.

The Plasma Wave Instrument step frequency receiver
(SFR-A) [Gurnett et al., 1995] aboard the Polar space-
craft [Acuna et al., 1995] has recorded a number of
WBB-AKR simultaneously with POLRAD. An exam-
ple in Plate 2 shows a detailed similarity in the spectra
of the same bursts recorded by both spacecraft, sepa-
rated by an angular distance of 18° and by a spacing
of 36,000 km. Such similarity can be governed only by
the time-varying source structure and not by the AKR
propagation particularities. The first strongest burst of
Plate 2 beginning at 1511 UT is identified as “an excla-
mation sign burst”. Its detached dot was not generated
locally around the spacecraft since it was simultane-
ously observed from Polar and Interball 2. Moreover,
its lower frequency was higher than the electron gyrofre-
quency at the Interball 2 altitude. However, detailed
comparison of the bursts recorded on both spacecraft
shows that the frequency extent of the AKR bursts ob-
served from the Interball 2 orbit is generally different
from that observed from Polar. This indicates that the
wave propagation may play a role in limiting the upper
and lower frequencies of the bursts.

Though the burst spectra are strongly variable in
time, they are weakly structured in frequency, since
they do not show any narrowband emissions. Some
of their dynamic spectra show that they are the su-
perposition of a number of thin individual microbursts,
with a duration (at upper frequencies) comparable to or
shorter than a single-frequency sweep time (6 s). This
gives the dynamic spectra the appearance of vertical
striation (Figure 3). This spiky structure is clear at
the highest frequencies (above 550 kHz), where the mi-
crobursts stand out from the background. Below this
frequency the microbursts seem to merge. However,
their traces are sometimes still visible in the lower fre-
quency part. The implications of this fine structure are
discussed in section 4.3.

Magnetic local time (MLT) positions of Interball 2 at
times of WBB-AKR are shown in Figure 4. They are
grouped mostly in the nightside magnetosphere. The
bursts had not been observed when Interball 2 was or-
biting in the dayside magnetosphere. This suggests that
they are not generated on the dayside and the emission
cones of the nightside AKR bursts are rather narrow.

Examination of the low-frequency limits of the AKR
bursts shows that they were always higher than the
electron gyrofrequency at the Interball 2 location, and
therefore no source crossing was met. However, for a
number of bursts, rapid increases of the keV electron
fluxes, together with rather weak field-aligned currents
(a few pA m~2 at the ionospheric level), and a ULF
wave activity were observed with the onboard instru-
ments: ION [Sauvaud et al., 1998], IMAP-3 [Arshinkov
et al., 1995], and IESP [Perraut et al., 1998] (Figure 4,
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Figure 3. Example showing microbursts of AKR.

solid circles), indicating that at these times the space-
craft entered regions magnetically conjugated to auro-
ral bulges, although it passed beside the AKR sources.
In Figure 4 the spacecraft positions for these cases are
marked by solid circles. They are concentrated in the
pre-midnight sector of the magnetosphere, thus suggest-
ing that the sources are likely to be located in the west-
ern part of the auroral bulges. The onsets of these elec-
tron and ULF wave events, which may follow the AKR

18 h

Figure 4. Magnetic local time (MLT) positions of In-
terball 2 at times of AKR bursts; solid circles show
bursts associated with wave-particle events; open cir-
cles show no association.

bursts by a few minutes (< 10 min), indicate that the
spacecraft enters with some delay the disturbed regions
conjugated to the auroral bulges.

3. Association With Auroral Structures

The UV imager operates on the Polar spacecraft in
the far ultraviolet and has an 8° circular field of view
with 0.6 mrad per pixel resolution, with a nominal
frame rate of 1 frame every 37 s [Torr et al., 1995].
Sixty-five AKR bursts were recorded during periods
when the UV imager was operating. All but two were
associated with the expansion and simultaneous bright-
ening of auroral bulges.

We shall show evidence that the AKR bursts are trig-
gered during the development of the auroral substorms,
when the auroral bulge structures are in a rapid ex-
pansion at the ionospheric altitude. The dynamics of
their evolution is illustrated in Plate 3 and shows three
subsequent UV images of the bulge taken in the time
interval just before and just after the time of the WBB-
AKR shown in Plate 2. The footprint of the Interball
2 field line is indicated by a cross. The burst emission
was associated with the explosive poleward expansion
and brightening of the bulge, which took place between
1510:36 and 1512:08 UT. At the time of the first image
the spacecraft footprint was at the edge of the rising
bulge, whereas 1.5 min. later it was already surrounded
by the bulge, just at the edge of its bright core. The
latter was coincident with the onsets of the ULF tur-
bulence detected by the IESP instrument (1512:00 UT)
[Perraut et al., 1998] and of the energetic electron flux,
up to 10 keV, recorded by the ION instrument (1512:30
UT) on board of Interball 2.
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Figure 5. Variations of intensity of the brightest point of the bulge taken for 16 sequences of UV
images from Polar, as a function of time difference between the UV exposure and burst onset.
Vertical segments are drawn in cases when enhanced UV flux measurement preceded the burst

onset.

It is evident from the bottom panel of Plate 2 and
Figure 5 that the triggering of the AKR takes place at
a brightening phase of the bulge development. The bot-
tom panel of Plate 2, which shows photon flux variations
of the brightest pixel within the bulge area overlayed
on the dynamic spectrum of AKR, is a good example of
a time coincidence of WBB-AKR with sudden bright-
ening of the auroral bulge. Figure 5 shows the light
variations for the 16 brightest observed bulges. In 10
cases (pointed with the vertical segments) the first no-
ticeably enhanced UV flux measurement preceded the
burst onset by 1 - 2 min. In another six cases it followed
the burst onset by less than 1 min, and could easily be
missed since the time intervals between two subsequent
UV images were too long compared to the timescale of
the bulge development. For the 16 cases analyzed the
burst onset took place before (less than 1 min) or at the
maximum of the UV flux. From the above observations
we conclude that the AKR bursts are triggered during
the rapid explosive expansion phase of the auroral sub-
storms, after the onset of the auroral bulge and on the
increasing part of its light curve.

4. Discussion
4.1. Sudden Omnset and Decay

It is shown in section 2 that in the upper frequency
range the intensity of the AKR bursts abruptly in-
creases and further abruptly decreases by 1 - 3 orders
of magnitude in a timescale of seconds. If, as it is usu-
ally assumed, the waves are generated by the cyclotron
maser instability (CMI), the saturation level is reached
in 1000 or 2000 gyroperiods of the electrons, that is, in a
few milliseconds, as has been determined from particle
simulations [ Winglee and Pritchett, 1986].

The timescale of the free energy erosion by emission
of the AKR has been determined from a particle simula-
tion [Winglee and Pritchett, 1986] to be also of several
thousands of gyroperiods. Then what we observe are
waves generated by a saturated maser, and the increase
or the decrease of the intensity is due to the variable
saturation level. From the characteristic times given
above one can expect that it is more or less directly re-
lated to the efficiency of the replenishment of the free
energy source.

Broadly speaking, in terms of the distribution func-
tion, the condition 9f/dv; > 0 must be fulfilled in
some area of the velocity space. There are three main
classes of sources of free energy. One is the loss cone,
which can be enhanced by the presence of a parallel
electric field [Bahnsen et al., 1989]. The efficiency of
this source is probably too small to account for most of
the observations. In a few words, this source needs a
significant parallel wave number, with a corresponding
parallel component of the phase velocity, which does not
allow an efficient lasing in the source cavities. More-
over, the free energy loss should be restored in times
comparable to several bounce periods for the keV elec-
trons, which is too long compared to the rise time of
the bursts.

A second source can be found in the so-called trapped
particles [Knight, 1973], when a parallel potential drop
is present. It has been shown that a trapping of elec-
trons with perpendicular velocities is achieved, when
a fluctuating electric field in the ULF range is present
[Eliasson et al., 1979]. Such ULF electric fields were
met [Perraut et al., 1998] when Interball 2 entered a
region magnetically conjugated to the auroral bulges.
With this mechanism the free energy losses would be re-
stored in several characteristic times of the fluctuations,
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that is, of the order of a second, which is acceptable for
the bursts.

The last source can be found when downgoing elec-
tron beams are dispersed in the velocity space thanks
to the conservation of the first adiabatic invariant. This
situation has been simulated by Winglee and Pritchett
[1986]. In their simulation, seemingly, the saturation re-
sults from the erosion of the perpendicular distribution
function by the pitch angle diffusion of the electrons ac-
companying the wave emission. In such a situation it is
expected that the increasing downgoing electron fluxes
should supply the needed free energy and increase the
saturation level.

The last two mechanisms, that is, (1) electron trap-
ping and (2) dispersion of the downgoing beams, are
more likely. In the general context of the expansion
phase of substorms the downgoing electron beams must
play a prominent role, which favors the latter possibil-
ity for the burst sources. On the other hand, the recent
work of Génot et al. [1999] shows that in a steep den-
sity gradient of the plasma density, by a factor of 3
over a distance of less than either the electron inertial
length wp/c (wp -plasma frequency, ¢ -speed of light)
or the ion gyroradius, an incident Alfvén wave develops
an inertial or kinetic behavior. The front of the wave
packet stretches along the gradient, and a parallel elec-
tric field, as high as 1 mV m™! (in the framework of a
linear theory), can develop simultaneously over an alti-
tude range of 16,000 km. This fits our observations of
the AKR burst altitude range. (Génot et al.’s simula-
tion gives even higher electric fields, but over smaller
field-aligned distances due to a limited size of the simu-
lation box.) Moreover, the peak value is obtained after
~ 3000 ion gyroperiods, i. e., a few seconds. Then the
second mechanism is most likely.

4.2. Expansion and Contraction of the Source
Region

We have shown that the WBB-AKR is characterized
by a frequency range broader than that of the back-
ground long-lasting AKR emissions. Assuming that the
waves are generated at the electron gyrofrequency, and
converting the frequency range into an altitude range
for the source region, this broadening means that the
bottom of the generation region penetrates deeper to-
ward the Earth for the bursts than for the background
AKR. A similar conclusion can hardly be drawn for the
top of the generation region, since it is too close to the
spacecraft and, in a first analysis, propagation effects
cannot be easily disentangled.

The time evolution of the frequencies of the leading
and trailing edges is evoked by the propagation of the
source fronts. It has been converted to velocities of the
source expansion and contraction; however, the nature
of this motion is not known.

The source expansion derived from the frequency
drift rates of the leading edge of the bursts has been
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divided into three parts. Each one can be driven by a
different process. In the central part of the bursts (200
- 500 kHz), which is usually observed at the very be-
ginning of the bursts, the estimated velocities are large
and sometimes non-measurable, 3000 km s~! or more,
comparable to the Alfvén velocity.

In the upper frequency part, from 500 to 800 kHz,
corresponding to altitudes from 1700 to 3000 km, the
velocities of the leading and trailing edges of the source
region are much lower, of the order of 2 - 30 km s~1, and
often stay fairly constant along a 500 - 1000 km change
in altitude. The order of magnitude is that of the ion
acoustic velocity, but this might be a mere coincidence.
If the observed velocity, as low as 2.3 km s™!, were
an ion acoustic velocity, then the electron temperature
should be 0.05 eV at an altitude 2700 km, which is
obviously too small.

The negative frequency drift rate in the lower fre-
quency range, below 200 kHz, may correspond to an
upward expansion of the source region. However, since
the altitude of the source region is comparable to that of
the spacecraft, the lower cutoff frequency of the bursts
can be subjected to a propagation effect.

4.3. Microstructure

The microstructure of the bursts shows that the full
frequency range (30 - 800 kHz) of each individual mi-
croburst can excite within a few seconds and fade out as
quickly as they are excited. This has two consequences:
the first one is that the AKR bursts are the signature
of “macroprocesses” embedding the microbursts, which
start suddenly, grow up within 1 or 2 min, and relax in
a few tens of minutes. Their overall extension reaches
an altitude range of 2000 - 20,000 km. Today, we have
no means to assess their horizontal cross section. The
nature of these macroprocesses will be made clearer in
the section 4.4.

The second consequence is that the overall source re-
gion is filamented in a bunch of subsources, which are
switched on and off with a time separation of the or-
der of 10 s. The above mentioned work by Génot el
al. [1999] shows that the transverse size of the current
filaments may reach extremely small scales, similarly as
the edges of the AKR sources observed by Viking [de
Feraudy et al., 1987b].

This filamentation may possibly be related to the fil-
amentation of a broader field-aligned current (FAC).
Until now the association of the AKR to FACs has only
been made at a macroscale by Green et al. [1982], whc
have shown from the observations of Hawkeye and Triad
spacecraft a broad correlation between the global AKR
activity and the intensity of the large-scale currents.
However, these authors noted that most probably the
appropriate scale is a microscopic one. The Interball
2 observations suggest that it may be the scale of the
AKR individual sources, that is a few tens of kilometers
in accord with the Viking observations [de Feraudy e
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al., 1987b], which also corresponds to FAST observa-
tions [Ergun et al., 1998].

4.4. Association With Substorm Development
and Auroral Bulge Expansion

The availability of high-resolution auroral images in
the UV range, from the Polar Ultraviolet Imager (UVI)
experiment, have enabled us to place our observations
in the frame of the substorm development. More specif-
ically, we have shown in Plate 3 and Figure 5 the close
association of the AKR bursts with the fast expansion of
the auroral bulge. The association is substantiated by
the fact that the duration of the full vertical expansion
of the AKR burst sources, related to the burst frequency
drift, is of the order of 1 min. This is comparable to the
time of the poleward expansion of the auroras which
are observed from Meridian Scan Photometers (a clear
example is shown by Deehr [1994]).

Today, it is widely admitted that the auroral buige
expansion is associated with the disruption of tail cur-
rents and with the onset of a current wedge (for in-
stance, see the review from Lui [1996]. The closure of
the current wedge system involves upflowing currents
at its western end. The fast expanding auroral bulge
is, seemingly, the ionospheric trace of its development
(its western part is sometimes identified as a “westward
traveling surge”). The most iutense part of the bulge
UVI images is likely to be located at the footprint of
these field-aligned currents, and it is reasonable to as-
sume that it is also the projection of the AKR burst
source region onto the ionosphere. In this hypothesis
the microstructure of the AKR bursts is the signature
of a current filamentation.

5. Conclusions

1. The wideband bursts of AKR, observed from In-
terball 2, establish the specific kind of AKR emission.
They are characteristic for the rapid intensity onset in a
timescale of less that 1 min, and for the fast frequency
drift rate of their leading edges, positive or negative,
spanning from 3 to > 100 kHz, in a timescale of the
order of 1 s. Their frequency range is wide, from 30 to
900 kHz. They are short-lived, with the decay times of
tens of minutes. In the upper frequency range, above ~
500 kHz, their lifetimes are shorter, and the rise time
and the decay time are of the order of 10 s.

2. The wideband AKR bursts are clearly triggered
during the rapid poleward expansion phase of sub-

storms, manifested by development of the auroral bulges.

3. Loci of the burst observations, related to the lim-
ited extent of the AKR cone emission, indicate that the
sources of the bursts are most frequently encountered
in regions conjugated to the western part of the auroral
bulges, which are also the places where the auroral UV
emissions are the most intense.

4. If the bulge development is associated with the
onset of a current wedge, then upflowing current re-
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gions, corresponding to downflowing electrons, must be
collocated with the bursts’ sources.

5. The AKR bursts exhibit a microstructure of very
short lived sources, which have a long extension along
the field lines, of the order of 10,000 km. As it has
been observed by Viking and FAST, their transversal
dimension should be of the order of tens of kilometers.
They are rapidly switched on and off during the bursts
events.

6. Provided that the source structures can be asso-
ciated with the field-aligned upflowing wedge current
region, the microstructure of the AKR bursts reflects a
filamentary and time-fluctuating structure of the cur-
rent system.
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