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Energetic (>6 keV) electron data from the SEEP payload on the low altitude (~200 km) polar
orbiting S81-1 satellite indicate a high rate of occurrence of short duration (<0.6 s) electron
precipitation bursts. Characteristics of events observed at night (2230 MLT) versus daytime (1030
MLT) and at midlatitudes (2 < L < 3) versus higher latitudes (L > 3 ) were distinctly different in
several ways. For 2 < L < 3 the daytime bursts occurred approximately uniformly in longitude and
were equally distributed between the northern and southern hemispheres. The nighttime bursts in the
same L shell range occurred approximately twice as often on a worldwide basis and were observed
predominantly in the northern hemisphere and at longitudes of 260°E to 320°E. In a significant number
of the nighttime events at 2 < L < 3 the median electron energy increased with time during the burst,
but most of the other spectra showed no well-defined trend. During some of the nighttime bursts broad
peaks were observed in the energy spectra, but these peaks were not so evident in the daytime bursts.
On higher L shells, L > 3, narrow electron precipitation bursts (<0.3 s duration) were frequently
observed poleward of the plasmapause, more often near noon than near midnight and much more
frequently than at 2 < L < 3. Comparison of the electron data with simultaneous VLF wave data from
Palmer (L = 2.4) and Siple (I = 4.3) stations in Antarctica indicated a varying degree of association
of electron bursts with whistlers and chorus emissions. Several of the electron bursts observed at
nighttime and at 2 < L < 3 were correlated with lightning-generated whistlers observed at Palmer
Station. When daytime bursts at higher latitudes (L > 3) were observed on satellite passes within =50°
of the Siple meridian, chorus was invariably detected at Siple, but correlation of electron bursts with
individual chorus spectral elements was not evident. The lack of such correlation may be due to the
limited spatial extent of flux tubes excited by individual chorus elements which are possibly generated
without mutual coherence in multiple high altitude magnetospheric locations. Within one hour of all
four of the satellite passes within 400 km of Siple with the highest rate (= 10 individual bursts per pass)
of burst occurrence, overhead electron precipitation was clearly detected by ground based sensors at
Siple Station. Quasi-periodic bursts of several seconds duration were observed on one or more of the
photometer, riometer, and magnetic pulsation sensors and many of these bursts were correlated with
clustered VLF chorus bursts, Hence, there is at least association of chorus with electron precipitation.

INTRODUCTION

In a recent paper, Imhof et al. [1986], we considered the
contributions of various VLF wave types to the loss rates
into the atmosphere of electrons trapped in the slot region of
the radiation belts. From that investigation, as well as earlier
comparisons between nighttime bursts and whistler activity
[Voss et al., 1984], it was suggested on the basis of the
longitude and L shell variations that some of the well-defined
bursts at nighttime were associated with lightning generated
whistlers and some of those in the daytime may have been
caused by other wave types such as chorus. However, the
daytime electron precipitation events were not compared
with simultaneous measurements of waves or with ground-
observed signatures of particle precipitation, nor were many
features of the electron precipitation such as the dynamic
energy spectra and the time profiles intercompared between
the daytime and nighttime events.

Over the years burst precipitation at mid and high latitudes
and its association with wave activity has been studied from
the perspectives of satellites and rockets and from the
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viewpoints of ground stations and balloons. On Injun 3,
Oliven and Gurne:t [1968] made simultaneous measurements
of electron bursts (of duration less than one second) and
VLF chorus emissions at high latitudes. They found that
electron precipitation bursts were always accompanied by
chorus, but chorus bursts were not always accompanied by
electron precipitation bursts. It was not generally possible to
find a one-to-one association between individual electron
precipitation bursts and individual chorus emissions. In a
more recent experiment precipitation events of electrons
0.63 to 20 keV lasting from 1 to 2 s were observed from the
HILAT satellite and interpreted by Hardy and Burke [1987]
as arising from the interaction of VLF waves (possibly
chorus) with plasma sheet electrons.

With the SEEP payload on the S81-1 spacecraft, Voss et
al. [1984] found one-to-one correspondence between a series
of nighttime electron bursts in the northern hemisphere near
L = 2.5 and a series of whistlers recorded at Paimer Station,
Antarctica in the south. In rocket experiments, Rycroft
[1973] recorded a burst of electron precipitation at the time
of a two-hop whistler recorded nearby on the ground, and
Goldberg et al. [1987] observed X ray bursts that were
coincident with lightning detected by nearby ground sta-
tions.
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Burst precipitation associated with discrete waves such as
whistlers or chorus has been detected at ground stations by
photometers and radiowave receivers and on balloons by X
ray detectors. For bursts inside the plasmasphere, the cor-
related waves have generally been lightning-associated whis-
tlers, and the lightning-induced electron precipitation (LEP)
events have been detected by observing perturbations
(Trimpi effects) on subionospherically propagating VLF
waves [e.g., Helliwell et al., 1973; Inan and Carpenter, 1986,
1987]. Poleward of the plasmapause the waves have usually
been VLF chorus emissions, some of which showed evi-
dence of being triggered by whistlers. Correlated bursts of X
rays and whistler-triggered chorus were observed at Siple
Station, Antarctica (L = 4.3) and were reported by Rosen-
berg et al. [1971] and by Foster and Rosenberg [1976].
Precipitating electrons with energies between ~70 and 250
keV were interpreted to be the primary contributors to the
observed X ray flux. The typical VLF burst consisted of 3 to
5 rising elements of 0.1 seconds duration separated by ~0.15
s and was confined to the frequency range 1.5 to 3.8 kHz. In
later experiments at L = 4.3 a detailed correlation was found
in two events between electron microbursts and chorus
elements of rising frequency observed at ionospheric conju-
gate points of the geomagnetic field [Rosenberg et al., 1981].
Recently, the subionospheric signal from the Siple, Antarc-
tica, experimental VLF transmitter received at several Ant-
arctica stations has been used to detect wave-associated
precipitation effects poleward of the plasmapause (Car-
penter et al., 1985; Hurren et al., 1986].

To extend our understanding of the burst precipitation
process, we have surveyed electron precipitation on a global
basis and where possible compared the electron data with
ground measurements of simultaneous wave activity and
ionospheric effects. The present paper describes preliminary
work of this kind, based upon electron measurements aboard
the polar orbiting S81-1 satellite. Burst phenomena are
studied both at midlatitudes (L = 2 to 3) and at higher L
shells extending beyond the plasmapause. The temporal and
energy spectral characteristics of nighttime and daytime
bursts are investigated, and VLF wave data recorded at
Siple and Palmer Stations in Antarctica are searched for
wave activity that may be associated with the electron
bursts.

DESCRIPTION OF INSTRUMENTATION

The stimulated emission of energetic particles (SEEP)
experiment on the three-axis stabilized S81-1 spacecraft
contained an array of cooled silicon solid state detectors to
measure electrons and ions [Voss et al., 1982]. The data
were acquired over the period from May 28, 1982 until
December 5, 1982. The S81-1 satellite was in a sun synchro-
nous 1030 and 2230 local time polar orbit (inclination =
96.3°) at 170 to 280 km altitude, traveling southward during
the daytime. The electron spectrometers were oriented at
various angles to the local vertical. Data are presented from
only two of the spectrometers. The spectrometer TE2 at 90°
zenith angle (approximately 90° pitch angle for the data
presented) had an acceptance angle of +20° and a geometric
factor of 0.17 cm? sr. The pulse-height analyzer for the data
presented had a range of 6 to 930 keV with energy steps of
3.62 keV. The instrument ME1 at a zenith angle of 0°
(approximately 30° pitch angle for most of the data pre-
sented) had an acceptance angle of +30°, a geometric factor
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of 2.47 cm? sr, a threshold energy of 45 keV, and an energy
resolution of about 20 keV. Total integral counting rates
above several thresholds in each of the spectrometers were
recorded during successive 0.064 second intervals, and the
pulse height address of the first count in each successive
0.004-s interval was recorded for TE2 and for ME1.

In the data analysis L values were calculated using the
Goddard Space Flight Center (GSFC 12/66) geomagnetic
field model [Cain et al., 1967] for the Epoch 1980.

OVERVIEW: ELECTRON BURSTS OBSERVED
OVER A WIDE RANGE OF LATITUDES

Narrow bursts of electron precipitation with total dura-
tions of less than 0.6 s were observed in the SEEP experi-
ment over a wide range of latitudes including L = 2 to 5. The
latitudinal distribution of such bursts for a particular orbital
pass is illustrated in the lower and middle panels of Figure 1.
A strong and isolated electron precipitation burst was ob-
served at L = 2.47, equatorward of the plasmapause, which
at this time was estimated to have been at L = 3.6 from
ground-based whistler data. At L = 2.8 there were some
weaker events, but otherwise no strong burst activity until
L = 3.6, beyond which burst activity substantially increased.
Bursts were detected frequently, at time separations of less
than 10 s. In this and many other satellite passes on which
short bursts were observed, electron burst activity was
concentrated above a well-defined L value near L = 4 which
we associate with the plasmapause or its near vicinity in the
poleward direction.

Throughout the SEEP pass illustrated in Figure 1, Siple
Station (L = 4.3, 76°S, 276°E) recorded strong chorus
emissions in the band ~0.5 to 1.5 kHz. Spectrograms of the
wave activity during subintervals are shown at the top of
Figure 1; they are restricted to 2-s recording intervals
between 3-s pulses from the Siple Station experimental VLF
transmitter. One-to-one correlations between the electron
bursts at L > 3.6 and chorus structure were not observed.
Such correlations were not necessarily expected, in view of
the substantial longitude separation of the spacecraft and
ground station (~26° or ~700 km at L ~ 4.3) and the fact that
only a subset of magnetospheric chorus waves (i.e., ducted
signals) are observed on the ground. Whistler propagation to
Palmer Station (L ~ 2.4, 65°S, 296°E) was observed at rates
of 20 to 40 per minute during synoptic recordings that both
preceded and followed the SEEP pass. The satellite track at
L = 2.5 was ~1100 km to the east of Palmer, and while no
ground recording was made during the overpass, a causal
relation between whistlers and the burst activity at L = 2.47
and near L = 2.8 is considered likely.

ELECTRON PRECIPITATION BURSTS AT MID-LATITUDES

In the midlatitude range, L = 2 to 3, daytime and nighttime
bursts were identified by the following selection criterion: a
factor of 2 increase in the integral (>45 keV) flux observed
with both the ME1 detector (at 0° zenith angle) and the TE2
detector (at 90° zenith angle) and a total pulse length (full-
width-at-half maximum, including rise time, width, and
decay) of less than 0.6 s. (Many ‘‘weaker’’ bursts and longer
bursts were observed, but they are not considered here).
Multiple bursts with a repetition period of a few tenths of a
second were considered part of the same event. To be
classified as distinct events, pulses had to be separated by
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Fig. 1. Counting rate versus time for the ME1 (>45 keV) and TE2 (>45 keV) detectors during a daytime pass of the
S81-1 satellite. Also shown is the frequency-time record acquired at Siple Station. Nonrecording times are blank.

more than 7 s. With such criteria at mid-latitudes, 59 events
at night and 26 in the daytime were found from the 6-month
data set. With a broader criterion, one second rise time and
3-second decay time, 222 electron bursts at L = 2 to 3 had
been selected [Imhof et al., 1986] from this data set which
had a comparable number of daytime (4854) and nighttime
(4773) satellite passes.

As an example the detailed time and energy characteristics
of a nighttime burst at L = 2.27 are presented in Figure 2.
The counting rates versus time are shown in the left-hand
section for the ME1 and TE2 detectors for E > 45 keV. The
listed start time of the plot is chosen to place the peak of the
burst in the 90° detector at ¢ = 1 second. In the right-hand
section of Figure 2, the energies of individual electrons
sampled by the TE2 detector at a maximum rate of one
during each 0.004 s are plotted as a function of time for those
periods when the counting rate was significantly above
background. In addition, median energies are plotted as
squares for each 0.064-s interval, and these squares are
connected with straight lines.

The characteristics of eight representative bursts (four at
night and four in the daytime) at 2 < L < 3 are presented in
Figure 3 with the same format as the previous figure. In the
spectral presentations only the median energies for each
0.064 second interval are shown. The times and coordinates
of the satellite during each of the observations are indicated.
In these nighttime events an initial peak in the TE2 detector
is followed by subsequent peaks separated by about 0.5 s.
These peaks are believed to be due to multiple bounces
(between hemispheres) of the electrons that have first inter-
acted with the waves and then backscattered from the
atmosphere [Voss et al., 1984]. In these plots the evidence
for multiple bounces between hemispheres is stronger at
night than during the day. Typically, for the nighttime bursts
the counting rate in the ME1 spectrometer at 0° zenith angle
is very weak on the first pulse in comparison to the TE2
detector near 90° pitch angle or to subsequent pulses in the
ME1 spectrometer. This effect is discussed in more detail by
Voss et al. [1984] and is attributed to changes in the electron
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Fig. 2. Data from a representative isolated night burst. In the left-hand section is shown the counting rate versus
time for the ME1 and TE2 detectors. In the right-hand section are shown the energies of individual electron counts and
median energies during 0.064-s intervals in the TE2 detector.
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Fig. 3. Data from representative isolated night and day bursts at L = 2 to 3. In the left-hand section is shown
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TABLE 1. Spectral Trends With Time for Narrow Bursts at
2<L <3

Median Energy

Trends With Number of Number of
Time During the Daytime Nighttime

Burst Cases Cases

Rises 0 18
Falls 4 2
Falls, then rises 1 5
Rises, then falls 2 1
Not well defined 19 33
Total 26 59

pitch angle distribution when the initial pulse is reflected by
atmospheric scattering.

In the right-hand portion of each panel in Figure 3 the
median energies are plotted as a function of time beginning
when the counting rate was significantly above background
and extending for 0.192 s after occurrence of the peak flux.
At nighttime the median energy often tended to increase with
time during the first pulse. This behavior occurred in the
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examples shown in the left-hand section of the figure, except
for the October 25 case in which an unusually prolonged rise
time perhaps unrelated to the burst itself, displayed a de-
creasing average energy. A detailed interpretation of the
common trend, associated with the time variation of wave
frequency in whistlers, is discussed by Inan et al. [1989].
Most of the daytime events (right-hand panels) showed little
systematic spectral variation with time during the burst. A
summary of the spectral trends with time during each of the
85 bursts reported here is given in Table 1. The trends were
obtained by visual inspection and are listed as not well
defined unless a clear-cut slope associated with the enhanced
flux was apparent. Many of the ‘‘not well defined’’ cases can
be attributed solely to the relatively low counting rate
increase during the burst.

The time-integrated energy spectra of the electrons re-
corded during a 0.64 second interval spanning representative
nightside and dayside bursts are shown in Figure 4. Back-
ground counting rates in each channel, taken to be equal to
the rate preceding the burst, have been subtracted. In order
to reduce the statistical scatter the 3.62-keV-wide energy
channels are grouped by fives. A broad peak sometimes
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Fig. 4. Representative energy spectra measured during 0.64-s intervals in the TE2 detector for isolated nighttime and
daytime electron bursts. The times listed are UT (s) start times for the intervals.
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appears in the nightside energy spectra, but peaks are not so
evident in the daytime spectra. The electron energies in-
volved are generally consistent with those expected to arise
from equatorial gyroresonant interactions within the plasma-
sphere with whistlers or outside the plasmapause with either
whistlers or chorus emissions at frequencies up to a few
kHz.

Histograms of the geomagnetic activity conditions (Kp)
under which the dayside and nightside bursts at L = 2 to 3
were observed are presented in Figure 5. The occurrence of
nightside events follows approximately the probability of
occurrence of various Kp levels. In contrast, the daytime
events show a tendency to occur with greater probability as
disturbance levels increase from moderate to severe. A
statistical comparison of the day and night distributions
using the U-test of Wilcoxon, Mann, and Whitney shows
that these two distributions are different, the probability that
they are samples drawn from a common distribution being
0.005.

The L shell and longitude locations of the burst observa-
tions are presented in Figure 6 for each of the events at 2 <
L < 3, The daytime and nighttime events are plotted with
open and closed circles, respectively. The coverage at the
two local times was approximately equal, and a comparable
number of passes was obtained at each longitude and L shell.
As noted above, narrow bursts were identified only about
half as often in the daytime as at night. The higher rate of
event occurrence at night may result from increased iono-
spheric (D region) absorption during daytime at VLF fre-
quencies [Helliwell, 1965]. Due to this effect, whistler wave
intensities in the magnetosphere would be expected to be
higher at night than during day thus leading to generally
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higher precipitation fluxes. The nighttime events were con-
centrated in the north at 260°E to 320°E longitude. This
concentration is probably due to several factors, such as the
distribution of lightning activity and the proximity of the
South Atlantic Anomaly. The latter has the effect of reducing
the flux normally present at the satellite altitude and allows
small flux increases to satisfy the selection criteria. The east
coast of the United States is a known region of high
thunderstorm activity [Turman and Edgar, 1982; Mobilia et
al., 1985; Orville and Henderson, 1986], and this concentra-
tion of lightning flashes would lead to more electron burst
events in this region at nighttime. However, ground-based
observations of ionospheric effects of LEP bursts indicate a
high level of event occurrence at longitudes of the western
United States (e.g., 240°E to 260°E) [Inan et al., 1988].

In the nighttime ground-based measurements of iono-
spheric effects of LEP events also suggest that a compara-
tively high rate of events and generally larger fluxes should
occur in the southern hemisphere near the longitudes of the
South Atlantic Anomaly [/nan et al., 1988]. The relatively
small number of nighttime events observed in the south at
260°E to 320°E longitude can primarily be attributed to larger
background fluxes of trapped electrons near the South
Atlantic Anomaly and to the somewhat higher altitudes of
the satellite in the southern hemisphere. We note that
measurements of ionospheric effects are sensitive only to
precipitating electrons while the sensitivity of the satellite-
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based burst detection also depends on the background of
trapped flux. Our data also suggest a somewhat higher
nighttime rate of occurrence in the south in the longitude
range of 120°E to 260°E. The reasons for this effect are not
known and statistics are not sufficient for any definitive
conclusions. In contrast to the nighttime bursts, the daytime
events display a slight preference for occurrence in the
southern hemisphere but indicate no significant longitude
variations within the limited statistical accuracies.

Let us next consider the pitch angle distributions associated
with the electron precipitation bursts at different locations. A
simple and convenient parameter representing the pitch angle
distribution is the ratio of net counting rate (with preburst rate
subtracted) in the ME1 detector (at ~30° pitch angle) to that in
the TE2 detector (at ~90° pitch angle). Since one would expect
this ratio to be influenced by the local atmospheric loss cone,
the ratios are sorted by conjugate altitude, separately for day
and night local times. The ratios are shown in Figure 7 during
the 0.064-s interval at the time of the peak counting rate in the
TE2 detector; they are plotted as a function of the conjugate
point altitude. The ratio for pitch angle isotropy allowing for
differences in the geometric factors of the two detectors is
indicated. The ratios show considerable scatter but tend to
decrease with increasing altitude of the conjugate point, and for
large negative values of the altitude at the conjugate point the
MEI/TE2 ratios indicate a more isotropic distribution. Even
under the latter conditions the ratios are still less than those
corresponding to isotropy, or equivalently the pitch angle

distributions show less flux near 30° than 90°. The variation of
the pitch angle distribution with altitude of the conjugate point
is similar for both daytime and nighttime events; this result may
reflect the importance of atmospheric effects at both local times
rather than any similarity in the precipitation mechanism.

It has not been possible to sort all of the daytime L = 2 to
3 events with respect to plasmapause location. The results of
earlier studies of plasmapause radius as a function of geo-
magnetic activity [Carpenter and Park, 1973] suggest that
the plasmapause was at L < 3 during some of the burst
observations that occurred under relatively disturbed condi-
tions. However, it is likely that a significant fraction of the
daytime bursts occurred within the plasmasphere, as illus-
trated above for the case of Figure 1.

Most of the nightside events are believed to have occurred
within the plasmasphere, based on considerations of mag-
netic activity (and in individual cases upon analyses of the
correlated whistlers [e.g., Voss et al., 1984]). This inference
is supported by the lower disturbance levels associated with
these cases, and the fact that the plasmasphere radius at
~2230 MLT is on the average larger than it is in the
post-dawn sector, where it tends to be near a diurnal
minimum [Carpenter, 1966].

ELECTRON PRECIPITATION BURSTS AT HIGH LATITUDES

At L > 3 narrow electron precipitation bursts were de-
tected much more frequently than at L < 3. Accordingly, an
initial study was made of 87 satellite passes (61 in daytime,
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Fig. 8. Data from representative night and day bursts at L = 4 to 5. In the left hand sections are shown counting
rate versus time for the ME! and TE2 detectors. In the right-hand sections are shown median energies during 0.064-s

intervals in the MEI1 detector.

26 at night) from the period of May 28 to December 5, 1982.
Many of the passes studied were processed because the
satellite passed near (within +10°) the meridians of Siple or
Palmer station, (276°E and 296°E, respectively), but other-
wise there was no special selection criterion. Narrow bursts
at L > 3 were identified by the criterion that the MEI
detector show a counting rate increase of at least a factor of
2, that it be above 10* counts/second, and that the full width
ai half maximum of the counting rate peak be less than or
equal to 0.3 s. No restrictions were placed on the appearance
of another burst nearby in time.

Time profiles of the counting rates and median energies for
peaks occurring at L ~ 4 to 5 are shown in Figure 8 for
several dayside and nightside bursts. The listed start times of
the plots are chosen to place the peak of the burst in the ME1
detector at t = 1 s. The energy spectra were taken from the
MEI] spectrometer, since the events were much more prom-
inent in that detector than in the TE2 spectrometer. In the
MEI1 detector individual pulse height addresses were re-
corded at a maximum rate of 16 per 0.064 s as with the TE2
detector. As in Figure 4, energy points are shown at times
beginning when the counting rate was significantly above
background and extending for three time frames (0.192 s)
after the peak flux, provided that the counting rate in the

MEI spectrometer was significantly above background. No
consistent trend with time is evident in the median energies.

On 58 of 87 satellite passes, one or more narrow bursts
were found at L = 3 to 5. The frequent clustering of bursts
above some L value was indicated in Figure 1 and is further
illustrated for day and night passes in Figure 9, where the
counting rates in the ME1 detector are plotted as a function
of time. On the top pair of panels, low L values are at the
center of the page. In the daytime example at left, bursts are
seen as narrow spikes extending above an envelope that
drops sharply, by about an order of magnitude at L = 3.5,
after which the count rate is low and steady. In the night
example neither narrow bursts nor elevated counts at higher
L were observed. In the middle pair of panels, higher L
values are at the center of the page. Both passes show a
relatively clear transition to a region of higher count rate and
narrow burst activity at L > ~3.4. For both panels at the
bottom of Figure 9, higher L is at the right. In the dayside
case, an abrupt transition to strong burst activity occurs at
L = 4, while the nightside case shows a complex structure
throughout. Note, particularly in the middle and lower
panels the tendency for narrow spikes to be superimposed
upon or otherwise accompany fluctuations with time dura-
tions near 10 s.
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Fig. 9. Counting rate versus time for the ME1 (>45 keV) detector during various passes of the S81-1 satellite.

Figures 104 and 10b show by solid dots the L values of
bursts on those 44 of 61 passes on the dayside and 14 of 26
at night, respectively, during which at least one narrow burst
was observed at L = 3 to 5. The times in seconds and
longitudes for crossing L = 4 are given. The average
frequency of occurrence of daytime bursts increased rapidly
between L = 3.5 and 4. At night the distribution was more
uniform, but Figure 105 suggests that this finding was
dominated by a single case (November 23, illustrated at
lower right in Figure 9). The comparatively higher levels of
activity on the dayside are believed to be associated with the
morningside peak in chorus activity in the magnetosphere
[Burton and Holzer, 1974; Burtis and Helliwell, 1976].

SIMULTANEOUS WAVE MEASUREMENTS
AND ELECTRON BURSTS

A substantial number of continuous ground recordings
were made at Siple and Palmer, Antarctica, stations during
SEEP passes at nearby longitudes. Unfortunately, many of
the Siple recordings were only available for 2 s out of every
5 during times when the transmitter was off, as illustrated in
Figure 1, and at Palmer there were few simultaneous record-

ings during dayside passes. However, in the case of night-
side satellite observations at L = 2 to 3, a number of
recordings were made at Palmer (L = 2.4), and cases have
previously been found in which whistlers occurred in close
time coincidence with the electron bursts in the L = 2to 3
range [Voss et al., 1984; McNerney et al., 1987]. An example
occurred on September 9, 1982 and was presented by Voss et
al. [1984]. Another example, from October 20, 1982, is
shown in Figure 11. The upper two panels show the 0 to 10
kHz dynamic spectrum and 2 to 3 kHz log amplitude of the
VLF wave activity at Siple. As in the case reported by Voss
et al. [1984], the satellite was in the northern hemisphere and
at a longitude roughly 1600 km to the west of the conjugate
point to Palmer Station. Arrows beneath the wave amplitude
records show the times of the radio atmospherics of the
lightning discharges for the five prominent whistlers, each of
which preceded a surge in the electron count rate by ~0.5 s.

In the daytime, only one electron burst event at L = 2 to
3 was recorded near the meridian of Palmer Station or its
conjugate, as indicated in Figure 6. This event, illustrated in
Figure 1, occurred during a period when whistlers propagat-
ing in the L range 2.8 to 3.0 were recorded at rates of 20 to
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7 AUG 76916 184 S
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4 AUG 48817 286 S

4 AUG 43488 309 S

3 AUG 81600 165 S

3 AUG 55320 260 S

3 AUG 7023 118 ]

1 AUG 57861 250 S
31 JUL 59030 249 3
30 JUL 49723 283 S
30 JUL 44403 304 S
30 JUL 42352 350 N
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26000 3528 3R g
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26 JUL 44019 306 ]
25 JUL 45257 301 ]
24 JUL 72891 200 S
24 JUL 51812 276 [
24 JuL 46516 296 ]
24 JUL Hu475 341 N
20 JUL 51447 276 s
18 JUL 53897 267 S
12 JUN 48675 320 N
29 MAY 60636 269 N
29 MAY 51807 277 S
28 MAY 53097 273 S 7

3.0 3.5
Fig. 10a.

40 per minute at Palmer Station. It is likely that the weak
burst events in Figure 1 near L = 2.8 were associated with
this ducted whistler activity, and that the burst at L = 2.47
was induced by a particularly strong whistler component
which propagated on a nonducted path originating close to a
source lightning discharge.

The nightside and dayside particle observations at L > 3
were supported by a number of simultaneous wave record-
ings at Siple. Of 40 passes within =50° of the Siple meridian
on which one or more narrow bursts (<0.3 s) were detected,
simultaneous ground recordings either continuous or on a
2 s out of 5 s basis were available during 17. For the

$81-1/SEEP LOCAL NIGHT PASSES

4.0 4.5
L

5.0

Each narrow burst with a time width of 0.3 s or less plotted as a function of L during each of several orbits
in which at least one narrow burst was observed over the range L = 3 to 5.

remaining 23 passes, 1-min synoptic recordings either con-
tinuous or on a 2 s out of 5 s basis were available within
several minutes of the SEEP pass. Thirty-three of the forty
passes were on the dayside, and during or near each of these,
chorus activity was observed at Siple. An example is that of
Figure 1, in which discrete chorus elements appear against a
relatively continuous band of background noise.

In many of the 33 dayside cases there was also whistler
activity, with triggering of chorus bursts in the 1 to 4 kHz
range by whistler components propagating outside the plas-
mapause. This type of spectral record is interpreted as
evidence that the plasmapause L value was equatorward of

DATE  TIME LONG LAT
(1982) (UTS) (deg E)  (N/S)
1 J t

25NOV 10339 203 N
28 NOV 70361 27 N

3NOV 13787 268 N

2NOV 73758 12 N
250CT 36301 183 s

4 OCT 84785 330 N

10 SEP 11976 276 N
30 AUG 39573 178 S

31 JUL 45722 127 N

9 JUL 56950 82 N

22 JUN 67277 39 N

22 JUN 13832 269 N

20 JUN 37888 161 N

10 JUN 59158 95 s . : -

3.0 3.5 .0 .5 5.0
L
Fig. 10b. Each narrow burst with a time width of 0.3 s or less plotted as a function of L during each of several orbits

in which at least one narrow burst was observed over the range L = 3 to S.
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Fig. 11. In the top sections are shown the frequency-time record and the integrated wave intensity as recorded at

Palmer Station. Arrows beneath the wave amplitude records show the times of the causative atmospherics of the five
principal whistlers. In the bottom section the counting rates in the ME1 (>45 keV) detector at 0° zenith angle and the
TE2 (>45 keV) detector at 90° zenith angle are plotted as a function of time. Ephemeris information for the satellite pass

is provided at the bottom of the figure.

Siple [e.g., Helliwell et al., 1980], as it was found to be for
the pass of Figure 1. Both the dispersion properties of the
whistlers surveyed and the high Kp levels associated with
many of the dayside passes suggest that in most of these
cases, the plasmapause was actually at L < 4 [e.g., Carpen-
ter, 1966; Carpenter and Park, 1973]. Thus, the bulk of the
narrow electron bursts observed on the dayside at L > 3 are
inferred to have occurred poleward of the plasmapause and
in the low density region where chorus is a major form of
natural wave activity [Burtis and Helliwell, 1976].

For reasons discussed below, it was not anticipated that
the individual chorus waves associated with electron bursts
would be readily identifiable on ground records. In fact, such
an identification was not achieved in the 17 cases for which
simultaneous wave and particle data were available. Figure
12 shows the electron precipitation data from a dayside pass
close to Siple (within ~2° at L = 4.3). The simultaneous 0 to
5 kHz VLF spectrum at Siple is illustrated in 2-s segments,
showing two active frequency bands and numerous discrete
rising chorus elements. Also shown is an amplitude record
representing integrated field strength in a 300-Hz band
centered at 1.5 kHz. A one-to-one correlation between
chorus peaks and electron bursts is not evident, but the
durations in time of the VLF amplitude enhancements are
comparable to those of the electron bursts.

To illustrate the complex relations between the wave and
electron data during the 40 passes within =50° of the Siple
meridian, we show in Figure 13 and 14 two of the four cases
when continuous ground VLF recordings at Siple (a synoptic
record of 53-s duration), were available during the satellite
pass.

Figure 13 shows a dayside case in which the satellite
crossed L = 4.3 about 20° east of Siple (~540 km). High
burst activity was observed on the satellite, while the wave
activity included pulsating (~10 s) clusters of chorus ele-
ments within a band below ~1 kHz and sporadic 2 to 3 kHz
bursts, some of which were found to be triggered by whis-
tlers.

Figure 14 shows another dayside case from ~20° west of
Siple. In this case there was a prominent band near 1 kHz
with many associated rising elements. Many of these risers
appear to be part of a less steady higher-frequency band at
2.5 kHz.

While one-to-one correlations of narrow electron bursts
with ground observed waves proved elusive, a close relation
appears to have existed between a high rate of narrow bursts
on the satellite at L > 3 in daytime and the observation of
precipitation-induced ionospheric perturbations overhead
Siple of the type reported previously by Rosenberg et al.
[1971], Helliwell et al. [1980], and Arnoldy et al. [1982]. In
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Fig. 12. In the top sections are shown the frequency-time record and the integrated wave intensity as recorded at

Siple Station. In the bottom section the counting rates in the ME1 (>45 keV) detector at 0° zenith angle and the TE2

(>45 keV) detector at 90° zenith angle are plotted as a function of time.

ground records of photometers, riometers, wave magnetom- well et al.,

1980], and a few case studies have shown a link

eters, and VLF receivers, this precipitation often appears in
the form of quasi-periodic pulsations lasting from one to
several seconds and separated by 5 to 30 s. On several
occasions, such pulsations have been clearly linked to
burstlike clusters of VLF chorus elements, some of which

between the fine structure within multielement chorus bursts
and X ray microbursts [Rosenberg et al., 1981], as well as a
connection between individual chorus elements and brief
(<1 s) optical pulsations [Tsuruda et al., 1981].

During 9 of the 61 dayside passes studied, the satellite was in

were triggered by whistlers [Rosenberg et al., 1971; Helli-
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Fig. 13. Inthe upper section is shown the frequency-time record as recorded at Siple Station. In the bottom section

the counting rates in the ME1 (>45 keV) detector at 0° zenith angle and the TE2 (>45 keV) detector at 90° zenith angle

are plotted as a function of time.
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Fig. 14. In the upper section is shown the frequency-time record as recorded at Siple station. In the bottom section

the counting rates in the ME1 (>45 keV) detector at 0° zenit
are plotted as a function of time.

of the Siple longitude (and thus passed within ~220 km of the
station). In 5 of these 9 cases, the number of short bursts
detected between L = 3 and L = 5 was relatively small (1, 3, 5,
5, 6), and in only one of these cases was overhead burst
precipitation clearly indicated at Siple. However, in the re-
maining four cases, there were 10 or more narrow electron
bursts recorded on the SEEP payload (10, 18, 24, 35), indicat-
ing a high temporal rate of activity. In all four of these cases,
overhead perturbations of several seconds duration were
clearly detected at Siple, as indicated by correlated changes in
the 2 to 4 kHz integrated amplitude and one or more of the
outputs of a riometer, photometer, and magnetometer. These
precipitation episodes, lasting 1 to 3 hours, were detected
either during the SEEP pass or within less than one hour before
or after the pass. In all four cases, the activity had been
recognized by the Siple Station observer.

Figure 15 shows portions of the Siple station analog chart

h angle and the TE2 (>45 keV) detector at 90° zenith angle

used to monitor the outputs of multiple sensors. The record
is from July 24, 1982, and represents an interval within 10
min of the nearly overhead SEEP pass illustrated in Figure
12. The charts indicate that this type of activity had been
underway for at least 30 min prior to the SEEP pass and that
it continued for at least 90 min afterward. Peak to peak
correlations exist between many of the changes on the VLF
and optical records, although the VLF surges are broader,
probably due to contributions from magnetospheric wave
paths outside the field of view of the vertical looking
photometer.

DiscussioN

Our study suggests that narrow (<1 s) burst activity is a
global phenomenon, occurring at essentially all longitudes
and at latitudes both within and beyond the plasmasphere.
At L = 2 to 3 there appears to be some clustering of the
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Fig. 15. Portions of the Siple Station analog chart for July 24, 1982, showing VLF amplitude in the 2 to 4 kHz band

and the intensity of the 5577-A line excited by precipitating electrons.
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activity in local time, longitude, and hemisphere, due to the
mixed effects of whistler source activity, day-night differ-
ences in ionospheric absorption of VLF waves, magnetic
field topology, and instrument sensitivity. Our study further
suggests that the bulk of the narrow bursts occurred as the
result of interaction with transient VLF waves. This conclu-
sion is supported by the electron observations themselves,
which showed energy spectra and time and pitch angle
signatures that were generally consistent with previous
theoretical and experimental studies of particle scattering by
VLF waves. The burst events at L = 2 to 3 were rare by
comparison to the L = 3 to 5 activity, both in terms of the
number of passes on which one or more events were
detected and the occurrence of multiple events on a given
pass. This feature is believed to be linked to the quasi-
continuous nature and wide spatial distribution of chorus
activity above L = 3, and to the concentration of this chorus
activity outside the plasmapause, where trapped particle
fluxes tend to be larger than those near the slot region. In
comparison ducted whistlers tend to occur irregularly, at
highly variable average rates and are most common on paths
within the plasmasphere [Carpenter and Sulic, 1988].

The absence of one-to-one correlations between electron
bursts and chorus elements and the presence of such corre-
lations with whistlers can be partially understood as follows.
In the case of a whistler the lightning source usually excites
multiple ducted paths and also illuminates magnetospheric
regions in which energy propagates in the nonducted mode.
Because of the spatially distributed and both ducted and
nonducted nature of this propagation, whistler components
received at a ground station will mark the occurrence of a
whistler, without in fact being that specific part of the
whistler-mode energy involved in producing an observed
particle event. On the other hand, in the case of chorus,
there may be no mutual coherence between chorus elements
originating spontaneously at various high altitude locations
distributed in L value and longitude. Thus, if on ground
records, a chorus element is to serve as a marker of a
particular satellite-observed electron burst, the element
must be a propagated component of the actual driving wave.
Meanwhile, however, it will tend to be mixed with wave
contributions from high altitude regions whose ionospheric
projections are not being probed at that time by the satellite.
However, if chorus bursts are whistler-triggered over a
distributed region, a large measure of spatial coherence will
be present and there should be increased probability of
detecting correlations. This type of burst has been observed
in several of the ground and balloon-based correlations
reported to date [Rosenberg et al., 1971; Helliwell et al.,
1980].

If the chorus elements associated with a series of electron
bursts are nonducted, they are not likely to be observed on
the ground at all because of wave absorption and reflection
within the magnetosphere [Kimura, 1966; Edgar, 1976].
Nonducted chorus may have been a factor in both the L > 3
and L < 3 electron bursts observed on the dayside. At L <
3 nonducted chorus of the special type reported by Poulsen
and Inan [1988] may have been involved as well as whistlers
and ducted chorus events. The Poulsen and Inan chorus was
found to occur at 2 < L < 4.5, preferentially in the dawn
sector under relatively disturbed conditions and within a
frequency band whose limiting frequencies varied with sat-
ellite L value. On many satellite records it was the dominant
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natural wave activity in an L range spanning the plasma-
pause.

Several-second-long precipitation bursts were observed
overhead Siple during (or within one hour of) all four of the
nearby SEEP passes on which more than 10 bursts were
observed. We suggest that the satellite was sampling the
electron population associated with the ground-observed
activity. The narrow ~0.3-s bursts observed on SEEP were
possibly due to individual spontaneous or whistler-triggered
chorus elements of particularly high amplitude, while the
wider, order of 10-second surges on the satellite may have
been caused by the integrated effects of chorus elements
closely spaced in time. While these surges may be related to
the ground observations of several-second-long bursts, the
connection is not yet clear. Dayside cases were found in
which broader electron bursts, not qualifying as narrow
events, were observed in the L = 2 to 3 range as the satellite
passed close to the meridian of Siple (276°E) and Palmer
(296°). In these cases, strong VLF chorus was detected at
Siple (L = 4.3) and Palmer (L = 2.4), but one-to-one
correlations between the envelopes of the wave and electron
burst activity could not be established.

It is of interest to review the similarities and differences
between the mid- and high-latitude bursts. Perhaps the most
pronounced difference is that at midlatitudes the narrow
bursts were often isolated, whereas at high latitudes they
frequently occurred in trains. The evidence suggests that the
midlatitude events occurred within the plasmasphere, with
some possible exceptions on the dayside. In contrast, the
more numerous high-latitude events occurred poleward of
the plasmapause. After the initial burst the midlatitude
events often showed secondary pulses that can be attributed
to the bouncing of an electron bunch between hemispheres.
At mid-latitudes the narrow events occurred more often near
midnight than noon, apparently because of the combined
effects of greater nighttime lightning activity and lower
nighttime wave absorption in the ionosphere. At high lati-
tudes the daytime activity was greater, appdrently because
of the dayside concentration of magnetospheric chorus ac-
tivity.

Only the nighttime bursts at mid-latitudes frequently dis-
played a pronounced increase in median energy with time,
consistent with electron scattering by a whistler train. Peaks
in the energy spectra often occurred at night, but were
seldom present in the daytime. Chorus is believed to be
associated with the high-latitude events both at noon and
midnight, and with perhaps some of the midlatitude bursts
near noon, whereas the nighttime events at mid latitudes are
believed to be associated with whistlers.
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