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[1] We examined particle and field data during the first 3 years (1997–1999) of the FAST
mission searching for short-burst auroral kilometric radio (AKR) emissions in Alfvénic
auroral acceleration regions. Eight such events were found at altitudes between 2500
and 3600 km in the midnight local time sector during winter months when the AE index
was observed to be greater than 150. The emission source regions are estimated to be
�300–900 km below the satellite. The frequency of observed short-bursts is in the range
between 400 and 600 kHz. The average bandwidth of the burst, Df/f, is approximately
2 � 10�2. The reoccurrence frequency of discrete short bursts is estimated to be between
7 and 18 Hz, which is similar to that of Jovian S-bursts. The negative drift of each discrete
burst may be associated with upward moving electrons. As in the case for ordinary
AKR, short-bursts can be explained by the electron cyclotron maser instability due to the
positive gradient in the phase space of an unstable electron distribution. Shell, conic,
and ring distributions, and a combination of these three, were observed in each of the eight
events. Snapshots of observed multiple shells and rings are suggested to be the results
of the temporal effect, where low energy electrons are accelerated by the Alfvénic
perturbation at an earlier time, while high energy electrons are newly accelerated by later
Alfvénic pulses. Results presented within this paper suggest multiple Alfvénic
disturbances in the magnetotail as the source of the multiple shell (and ring) distributions.
Multiple Alfvénic disturbances may also explain the observed reoccurrence pattern
of short-bursts.
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1. Introduction

[2] The first satellite that carried radio receivers made the
surprising discovery that the Earth is an intense radio source
[Benediktov et al., 1965]. These radio emissions are referred
to as Auroral Kilometric Radiation (AKR), because they are
observed to peak at �200–500 kHz and are generated at
altitudes between 2000 and 10,000 km above the auroral
region in association with visible auroral arcs [e.g., Gurnett,
1974]. Similar auroral emissions have also been observed
from all magnetized planets in our solar system [e.g., Zarka,
1992, 1998].
[3] AKR originates on auroral field lines where down-

going ‘‘inverted-V’’ electrons are accelerated [e.g., Gurnett,
1974; Kurth et al., 1975; Benson and Calvert, 1979]. Radio
wave and ray tracing analysis indicate that AKR is gener-

ated in regions of depleted plasma density near the local
electron cyclotron frequency [Hilgers, 1992]; hence it is
assumed that the waves are generated from the free energy
of non-Maxwellian auroral electron distributions. These
waves propagate primarily in the R-X mode [e.g., Gurnett
and Green, 1978; Kaiser et al., 1978; Benson and Calvert,
1979; Shawhan and Gurnett, 1982] and show strong tem-
poral variations and fine spectral features [e.g., Gurnett et
al., 1979; Menietti et al., 2000].
[4] Fine structures of AKR have been reported since the

late 1970s. Gurnett et al. [1979] using ISEE data, and
Gurnett and Anderson [1981] and Benson et al. [1988]
using DE 1 data, and Morioka et al. [1981] using Exos-B
data reported AKR fine structures in both the ordinary and
extraordinary modes. They showed that observed frequency
drift rates of fine structures are in the range of 100 Hz/s–
10 s kHz/s. From data obtained by the Polar/plasma wave
instrument, Menietti et al. [2000] showed that AKR patterns
with very narrow-band, negative drifting stripes (40–215 kHz)
occur in �6.6% of the fine structure data. Often fainter than
the background AKR spectrum, the stripes are most easily
identified extending below the frequency band of the more
diffuse AKR spectral features. The negative-sloped stripes
have a frequency extent of about 4 kHz and a typical time
duration of less than 2 s. The upper limit on the frequency
bandwidth of an individual stripe is at Df /f � 4 � 10�3.
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Recently, Ergun et al. [2006] and Su et al. [2007] reported
an example of possible Earth-based short bursts detected by
the FAST satellite at the polar cap boundary during a
substorm expansion. These short-burst emissions at Earth
are analogous to S-bursts remotely observed from Jupiter.
Since the discovery of Jovian S-bursts [Kraus, 1956; Gallet,
1961], numerous reports on the morphology and character-
istics have been published in literature [e.g., Baart et al.,
1966; Riihimaa, 1977; Desch et al., 1978; Ellis, 1980;
Leblanc et al., 1980; Carr et al., 1983; Genova and Calvert,
1988; Dulk et al., 1992; Zarka et al., 1996; Carr and Reyes,
1999; Queinnee and Zarka, 2001; Ryabov et al., 2007].
[5] Several physical mechanisms have been proposed to

explain the observed fine structures of the planetary radio
emissions. Lecacheux et al. [1981] indicated that various
propagation effects, such as refraction, diffraction, and
focusing, due to plasma inhomogeneities can account for
some of fine structures of the planetary radio emissions.
Melrose [1986] proposed a feedback model that depends
on a phase-bunching mechanism. Calvert et al. [1988]
proposed that the natural ‘‘radio lasing’’ might explain the
S-burst frequency drift. Winglee et al. [1988] and Pritchett
and Winglee [1989] showed that the maser emission tends
to be produced in the form of discrete wave packets. Carr
and Reyes [1999] explained that the Jovian S-bursts are due
to the upward moving electrons. Winglee et al. [1992]
suggested that the bursty emissions are associated with
impulsive injection in which the electron distribution can
develop a beam feature with temperature anisotropy. The
temperature anisotropic beam instability would then convert
particle energy into electromagnetic energy with similar
efficiency as the maser instability; however, this emission
is larger than the local cyclotron frequency. Menietti et al.
[1996, 1997] suggested that the negative-slope striated
bursts are produced by stimulation of the source region by
electromagnetic ion cyclotron waves traveling away from
Earth. Although several suggestions of the source mecha-
nism have been proposed, the interpretation of the fine
structure is still largely open to conjecture [Louarn, 1992].
Radio bursts constitute one of the major remaining puzzles
in the physics of planetary radio emissions [Zarka, 2004].
[6] To date, the most successful explanation proposed for

the generation of AKR is the electron cyclotron maser [e.g.,
Wu and Lee, 1979; Melrose and Dulk, 1982; Hewitt et al.,
1982], in which radiation excited near the local electron
cyclotron frequency is amplified through a gyroresonant
interaction [Melrose and Dulk, 1982]. The same mechanism
is also believed to power decametric radio emissions
(DAM) [e.g., Melrose, 1976; Hewitt et al., 1981], as well
as analogous radiation from the other magnetized outer
planets [e.g., Zarka, 1992]. The generation mechanism of
the cyclotron maser was established originally based on
observed loss cone electrons where a nonequilibrium dis-
tribution with the free energy stored in the transverse
velocity derivative @fe/@v? > 0 of the electron distribution
function [e.g., Wu and Lee, 1979; Melrose and Dulk, 1982].
The electrons forming the gradient at the loss cone
boundary shed their excess perpendicular energy, excite
electromagnetic waves, and fill the loss cone until the
gradient is diminished. On the basis of studies of Viking and
FAST observations [Louarn et al., 1990; Delory et al.,
1998; Ergun et al., 1998, 2000; Strangeway et al., 1998]

and numerical simulations [e.g., Pritchett et al., 1999,
2002], a modification of the cyclotron maser mechanism
that is now accepted in the space science community is that
an unstable shell (horseshoe) electron distribution produced
by quasi-static parallel electric fields in the density cavity of
the upward current region is able to provide sufficient free
energy to power AKR.
[7] From the comparison between the simulation results

[Su et al., 2007] and FAST data [Ergun et al., 2006], the
authors recently suggested that unstable shell distribution
functions may be generated by parallel electric fields
associated with inertial Alfvén waves in a dynamic Alfvénic
acceleration region. In addition, electrons outside the loss
cone are reflected back up the flux tube due to the mirror
force, forming a conic (or ring) signature in the 2D (3D)
phase space, which is also an unstable distribution. This
paper presents results based on a systematic study of short
burst observations in the Alfvénic acceleration region that
expands upon the single event study by Ergun et al. [2006]
and Su et al. [2007].

2. Data Selection Criteria

[8] The results presented in this paper are based on data
obtained from the FAST satellite during the first 3 years in
orbit (1997–1999) when the electric field instrument was
fully operational. With approximately ten thousand orbits
during this period, it was necessary for us to define criteria
for selecting events of interest. As the study progressed,
the process of event identification evolved based on our
experiences.
[9] 1. Auroral Electrojet (AE) � 150. Ergun et al. [2006]

showed that short-bursts are observed during the recovery
phase of the substorm. In general, substorms are associated
with high AE indices, hence, we selected the date and time
when AE was greater than 150. Values for the AE index
used in this study were obtained from a website provided by
the World Data Center for Geomagnetism in Kyoto. It
should be noted that we also occasionally examined data
during periods when AE < 150. The Alfvénic acceleration
event occurs infrequently during those periods.
[10] 2. Enhanced counterstreaming electrons. Because we

are interested in short-burst observations in the Alfvénic
acceleration region, we first identified the periods where
electron accelerations was dominated by Alfvén waves.
Enhanced counterstreaming electrons are associated with
Alfvénic perturbations in the auroral regions [Su et al.,
2001; Chaston et al., 2002a, 2002b; Lysak and Song,
2003]; hence, we utilized this distinct characteristic to select
possible candidates from summary plots on the official FAST
website provided by the University of California at Berkeley.
[11] 3. FAST orbits with high-resolution data. The instru-

ments on the FAST satellite operate in two modes: the
survey mode and the burst mode. Typically, the burst data
span 10–30 s and allow the detailed investigation of small-
structures in auroral acceleration regions such as fine
structures of AKRs recorded by the on-board Plasma Wave
Tracker (PWT) [Ergun et al., 2001]. Since our study focuses
on these fine scale structures, we only selected orbits
containing high time resolution data and eliminated data
in the survey mode.
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[12] 4. Coexistence of Alfvén waves and AKR emissions.
Alfvénic perturbations are often observed in the polar cap
boundary region which includes the dayside cusp [e.g., Su
et al., 2001] and near the midnight polar cap boundary
[Wygant et al., 2000; Keiling et al., 2001, 2003]. Several
distinct features in the polar cap boundary acceleration
region are summarized here: (1) highly variable current,
which can be temporally or spatially averaged to little net
current; (2) The ratio of electric field and magnetic field
perturbations on the order of 104 km/s similar to the local
Alfvén speed; (3) enhanced energy fluxes of field-aligned
electrons; and (4) enhanced energy fluxes of ion conics. We
examined FAST field and particle data to select Alfvénic
acceleration events with the features described above. On
the basis of our initial search, we found 186 orbits with
Alfvénic signatures out of 2290 FAST orbits from 1 January

to 1 August 1997, which corresponds to an occurrence rate
of �8%.
[13] We then examined the electric field power density

spectrum from the Swept Frequency Analyzer (SFA) [Ergun
et al., 2001] to identify AKR emissions from Alfvénic
acceleration events. We selected events for further analyses
only when AKR emissions and Alfvénic acceleration sig-
natures were simultaneously observed.
[14] 5. Identify discrete short-burst emissions through

examination of high time resolution PWT data. AKR
emissions are obtained in both the survey and burst modes
of SFA. For fine structure measurements such as short-
bursts, it is necessary to examine the high time resolution
power spectra density obtained from PWT [Ergun et al.,
2001]. Our final step is to select specific events when
discrete short-bursts with time-of-flight dispersion signa-
tures can be easily identified.

3. Observational Results

[15] Based on the selection criteria described in the previ-
ous section, eight events were identified during the first
3 years of the FAST mission where short-burst emissions
were simultaneously observed with Alfvénic acceleration
signatures including the case (orbit 1906) previously reported
by Ergun et al. [2006] and Su et al. [2007]. A typical example
of such event is plotted in Figure 1. Short-burst emissions are
presented in Figure 1e which is an expanded view between
the two vertical magenta lines in Figure 1d. The ratio of the
electric field (Figure 1c) and magnetic field (Figure 1b)
between the two magenta lines corresponds to a wave speed
of 104 km/s, consistent with the local Alfvén speed.
[16] Eight short-burst events are listed in Table 1, where

the first, second, and the third columns are the FAST orbit
number, date, and the universal time/magnetic local time,
respectively. The peak AE index within 3 h of each
observation is listed in the fourth column of Table 1. f, fre,
and fce represent the wave frequency range, and the reoc-
currence rate of discrete short-bursts and the local electron
cyclotron frequency, respectively. The local electron cyclo-
tron frequency is obtained from fce = eB/me, where B, e, and
me are the total magnetic field obtained from the DC
magnetometer, and the electron charge and mass. The
average bandwidth of short-bursts (Df/f) is estimated to
be �2 � 10�2. By assuming a simple dipole magnetic field
(B / 1/r3), the distance to the emission source region is
estimated as rsource = rsat(fce/fSburst)

1/3, where rsat is the
satellite’s location in geocentric distance (assuming 1 RE =
6378 km), and fSburst is the short-burst frequency obtained
by PWT. We note that fSburst is assumed to be the electron
cyclotron frequency at the source region. In Table 1, Dsat,
Dsource, and (Dsat�Dsource) represent the satellite’s location
above the Earth’s surface, the estimated source location of
the emissions, and the distance between the source region and
the satellite, respectively. The electric field spectral power
densities from each of the eight events are plotted in Figure 2.
[17] The characteristics of short burst events in the Alf-

vénic acceleration regions are discussed below.
[18] 1. All of the eight events occurred on the nightside,

specifically between 21:00 and 1:00 magnetic local time
(MLT, see the third column of Table 1). Although a few
cases were found with kilometric emissions in the dayside

Figure 1. FAST orbit 1589 at 0855:20–56:00 UT on
15 January 1997. (a) The electron energy-time spectrogram.
(b) The magnetic field perturbation perpendicular to the
direction of the satellite trajectory. (c) The electric field
along the spacecraft trajectory. (d) The electric field spectral
power density where the white line indicates the local
electron cyclotron frequency. (e) An expanded view of the
electric field spectral power density from PWT at 0855:46–
53 UT.
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auroral region, they were not selected for analysis because
the signals were too weak. The nightside polar cap bound-
ary acceleration region (i.e., Alfvénic acceleration region) is
often observed near midnight which maps to the magneto-
tail reconnection region.
[19] 2. All identified events occurred during winter

months. Two events were observed in January and five in
February. The majority of events were obtained in the
Northern Hemisphere, while one event (orbit 6903) was

observed in the Southern Hemisphere in May 1998. On the
basis of a 7-year survey of the occurrence of AKR events,
Kumamoto and Oya [1998] found that AKR is more
common in the winter hemisphere than in the summer
hemisphere. We found that the short-burst AKR also fol-
lows the same behavior.
[20] 3. A negative frequency drift is observed for each

observed discrete burst. This phenomenon indicates that the
source altitude increases with decreasing local electron

Figure 2. Short-burst emissions observed from the FAST satellite. (a) Orbit 1504 at 1214:47–53 UT on
7 January 1997. (b) Orbit 1589 at 0855:46–53 UT on 15 January 1997. (c) Orbit 1854 at 0117:07–12 UT
on 8 February 1997. (d) Orbit 1906 at 1649:56–50:00 UT on 13 February 1997. (e) Orbit 1915 at
1246:15–21 UT on 14 February 1997. (f) Orbit 1940 at 2013:44–50 UT on 16 February 1997. (g) Orbit
1952 at 2249:49–54 UT on 17 February 1997. (h) Orbit 6903 at 1108:56–09:02 UT on 21 May 1998.

Table 1. A List of Eight Short-Burst Events

Orbit Date UT/MLT AE f kHz fre Hz fce kHz Dsat km Dsource km Dsat-Dsource fpe/fce

1504 01–07–97 12:14/0.4 750 473–482 7–9 367 3827 2940–3000 827–887 0.49
1589 01–15–97 08:55/23.8 250 437–452 8–10 348 4020 3152–3260 760–868 0.26
1845 02–08–97 01:17/22.9 400 457–466 10–17 350 3914 2977–3038 876–937 0.36
1906 02–13–97 16:49/22.8 250 558–570 10–18 455 3217 2523–2586 631–694 0.28
1915 02–14–97 12:46/21.3 300 515–525 8–10 435 3334 2744–2803 531–590 0.29
1940 02–16–97 20:13/22.7 500 465–470 8–10 415 3350 2955–2988 362–395 0.31
1952 02–17–97 22:49/22.3 450 500–513 8–10 398 3432 2636–2714 718–796 0.39
6903 05–21–98 11:08/0.8 510 398–407 9–10 339 4143 3521–3595 548–622 0.15
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cyclotron frequency (i.e., decreasing magnetic field). The
negative drift may be associated with upward moving
electrons. As is the case for ordinary AKR, short-burst
emissions can be explained by the electron cyclotron maser
instability due to the positive gradient in the phase space of
an unstable electron distribution. The frequencies of short-
bursts lie within a range between 398 and 570 kHz as listed
in the fifth column of Table 1.
[21] 4. The average duration of a single burst is �0.1 s.

The reoccurrence rate of short bursts ranges between 7 and
18 Hz (see the sixth column of Table 1), which is similar to
the reoccurrence rate of Jovian S-bursts. Su et al. [2006]
suggested the ionospheric Alfvén resonator as a likely
driver explaining the multiple occurrences of S-bursts
because they showed that the fundamental frequency and
higher harmonics of the Alfvén resonator are comparable to
the observed reoccurring frequency of S-bursts based on
results of 1D linear gyrofluid simulations. The reoccurrence
rate of short-bursts observed by FAST is one order of
magnitude higher than the typical frequency (�1 Hz) of
Earth’s ionospheric Alfvén resonator [Lysak, 1993].
[22] 5. The source regions of short-bursts are located

between 2500 and 3600 km above the Earth’s surface and
below the satellite (see the 8th-10th columns in Table 1).
The apogee of FAST is near 4200 km, hence, no observa-
tion was made above this altitude. No event was found at
low altitudes near the perigee (�315 km) of FAST. The
shortest distance between the source region and the satellite
is �360 km. Although we did not find cases in which short
bursts occurred above the satellite, this does not exclude the
possibility of a higher source region. Since no event was
found where the satellite passed directly through the emis-
sion source region, we are not able to determine the plasma

conditions of the source. However, the ratios of plasma
frequency and electron cyclotron frequency at observational
points are listed in the last column of Table 1.
[23] The estimated emission source altitude (the 9th

column of Table 1) versus the observed frequency (the fifth
column of Table 1) of all eight events is plotted in Figure 3,
where asterisks denote the satellite location (the eighth
column of Table 1) for each case. The emission is assumed
to be generated locally due to unstable electron distribu-
tions; hence, the emission frequency on the x axis represents
the electron cyclotron frequency in the source region. The
dashed line represents the polynomial fit with the degree of
three. A negative slope in Figure 3 indicates a converging
dipole magnetic field model assumed in our study. The
offset of the data points from the dashed line could indicate
the variation of emission source latitudes or might be due to
the dynamics of the Earth’s magnetic field.
[24] 6. The spectral power density of short bursts is one or

two orders of magnitudes weaker than that of common
AKR emissions. The peak electric field spectral power
density of typical AKR emissions observed from the FAST
satellite is on the order of 10�6 (V/m)2/Hz (not shown here),
while the peak power density of short-bursts is �10�8–
10�7 (V/m)2/Hz. If short-bursts and AKRs are present
simultaneously, it would be difficult to distinguish weak
short-burst emissions from strong AKR signals. Hence eight
events from 3 years of data represent the minimum occur-
rence rate when short-bursts were observed in Alfvénic
auroral acceleration regions.
[25] 7. Observed unstable electron distributions are asso-

ciated with short-burst emissions. Single shell, multiple
shells, and ring (or conic) distributions were observed in
each of the eight short-burst events. Selected electron
distributions associated with short-bursts in the Alfvénic
auroral acceleration region are displayed in Figure 4, where
the horizontal and vertical axes are the parallel and perpen-
dicular velocities and the negative x is in the direction away
from the Earth’s ionosphere. These electrons distributions
were selected from three of the eight events to demonstrate
the common features. We did not include all electron
distributions in this paper due to the similarity of their
features. Single and multiple shell distributions are shown in
Figures 4a–4c. We should note that many shell (horseshoe)
distributions did not have full coverage in the angular bins
outside of the loss cone. An example of a partial shell
distribution can be seen in the downward direction (+x) in
Figure 4g.
[26] According to the simulation work by Su et al. [2007],

Alfvénic perturbations can be generated by multiple pulses
at high altitudes. Assuming a stationary observational point
as the satellite, the inner shell (i.e., lower energy electrons)
in the phase space distribution is generated by the pertur-
bation pulse arriving first, while the outer shells (i.e., higher
energy electrons) are due to perturbations which reach the
satellite at later times. Hence we interpret the observed
snapshot of multiple shells as the result of temporal varia-
tion. Su et al. [2007] showed that electrons outside the loss
cone are reflected back up the flux tube due to the mirror
force, forming a conic (ring) signature in the 2D (3D) phase
space. An example of a ring distribution is shown in
Figure 4d, while an electron conic is displayed in

Figure 3. Estimated emission source location versus the
observed short-burst frequency based on eight events. The
dashed line represented a polynomial fit with a degree of
three. Asterisks are used to represent the satellite locations.
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Figure 4e. The combination of the conics (or rings) and
partial shell(s) is demonstrated in Figures 4f and 4g. This
type of distributions is thought to be due to the temporal
effect where rings are generated by mirrored electrons
caused by Alfvén pulses arriving earlier and shells are due
to later pulses.

4. Discussion and Summary

[27] In this study, we examined FAST data during the
first 3 years (1997–1999) of operation. Eight events were
found when short-bursts were observed simultaneously with
Alfvénic accelerated electrons in the polar cap boundary
region based on the criteria described in section 2. Each of
these events was found in the midnight sector during winter
months within an altitude range of 2500–3600 km. The
ionospheric density decreases with increasing altitudes,
hence, these cases found near the higher altitude range of
the FAST orbit suggest that short-burst events prefer low
plasma density conditions. Because the dayside ionosphere
receives direct sunlight, the ionization rate at night is lower
than that on the dayside. Moreover, the ionization rate is
lower during winter than in summer. The preferred occur-
rence on the nightside and during winter suggests a prefer-
ence for low plasma density conditions.
[28] In order for the weakly relativistic cyclotron maser

instability to occur, one important condition is a very low
background plasma density meaning that the ratio of plasma
frequency and electron cyclotron frequency should be much
less than one, i.e., wpe/wce � 1 [e.g., Ergun et al., 2000;
Pritchett et al., 2002]. The ratio of local wpe/wce value
ranges from 0.15 to 0.5 (the last column of Table 1) based
on eight events, which is one order of magnitude higher
than that for the intense AKR events described by Pritchett
et al. [2002]. Although the local plasma frequency is less
than the cyclotron frequency at observed altitudes, it might
still not meet the requirement of the maser instability. Since
no event was found when the satellite passed directly
through the emission source region, we were not able to
determine the exact quantity of wpe/wce in order to trigger
the short burst radiations.
[29] The reoccurrence frequency of discrete short bursts

is estimated to be between 7 and 18 Hz similar to Jovian
S-bursts. Su et al. [2006] and Ergun et al. [2006] suggested
the ionospheric Alfvén resonator as a likely driver explain-
ing multiple occurrences of short-bursts. Although the
reoccurrence frequency of discrete short bursts observed
from FAST is one order of magnitude higher than the typical
frequency (�1 Hz) of Earth’s ionospheric Alfvén resonator
[Lysak, 1993], we cannot rule out this possible driver. A
short ionospheric scale height would result a high reoccur-
rence rate. Here, we suggest multiple Alfvénic disturbances
in the magnetotail as another possible driver for the reoc-
currence of discrete short-bursts. Su et al. [2007] demon-
strated that multiple shell electron distributions were
generated by multiple Alfvén wave pulses with equal time
spacing. Because multiple shells (or rings) were found in
each of the eight events, multiple initial wave pulses are
likely to be the source. Each discrete short-burst radiation is
then generated when unstable distributions due to each
waves pulse passed through regions with conditions match-
ing the maser instability.

[30] We found that the spectral power density of short
burst emissions is one or two orders weaker than that of
typical AKRs. If AKRs and short-bursts were present
simultaneously, it would be difficult to distinguish weak
S-bursts from strong AKR signals. AKRs are observed to be
associated with ‘‘inverted-V’’ electron signatures in the
upward current region. On the basis of our extensive study,
the upward current region is often adjacent to the Alfvénic
acceleration region. The strong AKR signals from the
adjacent upward current region might overpower weak
short-bursts in the Alfvénic region. This may be one of
the reasons why the occurrence rate of short-burst events is
very low. Eight events in 3 years represent the minimum
occurrence rate.
[31] Another likely reason for the low occurrence rate is

the plasma condition in the emission source region. At
Jupiter, the condition for the weakly relativistic cyclotron
maser instability wpe/wce � 1 is easily satisfied above a few
thousand kilometers up to �4 RJ due to Jupiter’s strong
magnetic field [Ergun et al., 2006]. This explains the higher
occurrence rate of S-bursts at Jupiter. The low occurrence
rate at Earth was anticipated by Su et al. [2007].
[32] Based on a single event study, Su et al. [2007]

suggested that single and multiple shell distributions, as
well as electron conics (rings), generated by propagating
Alfvén waves are the sources of short-bursts. Our results
strongly support this idea. Recently, we performed simu-
lations of the electron cyclotron maser instability using an
electromagnetic particle-in-cell code [Pritchett et al., 1999,
2002]. It was found that the observed electron distributions
are good candidates for triggering the maser instability. An
example of this is presented in Figure 5. The initial unstable
electron distribution (Figures 5a and 5b) provides the
energy to excite electromagnetic waves and fills the loss
cone until the gradient is diminished (Figures 5c and 5d).
The initial distribution in Figure 5a resembles the ring
distribution in Figure 4d, while the end distribution in
Figure 5c is similar to the observed distribution shown in
the dashed rectangular box in Figure 4h. A complete report
on our simulation results will be featured in a separate
paper. Electron distributions from FAST observations
reported here will serve as initial input parameters for future
maser simulation studies.
[33] Although the plasma conditions for triggering the

maser instabilities are the same for the common AKRs and
the short-burst radiations, the source mechanisms of the two
are different. While AKRs are generated by horseshoe
distributions in the auroral density cavity between two
parallel potential drops in the quasi-steady upward current
region, the short bursts can be generated by partial shells,
conics, or rings due to the dynamics of Alfvén waves. The
area of positive phase-space density gradient in providing
free energy for short-burst radiations is smaller than that of
the horseshoes for AKRs. This may be the reason why the
observed power of short-burst is smaller than that of
common AKRs. In addition, in the quasi-steady upward
current region, there may be a continuous supply of unstable
distributions due to a quasi-steady parallel electric field.
However, in the dynamic Alfvénic region, the parallel
electric field varies within the inertial Alfvén wave period.
This may be able to explain why Alfvénic associated
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emissions are discrete short bursts rather than the continu-
ous spectrum observed in typical AKRs.
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through Alfvénic acceleration of auroral electrons, J. Geophys. Res.,
112, A06209, doi:10.1029/2006JA012131.

Winglee, R. M., G. A. Dulk, and P. L. Pritchett (1988), Fine structure of
microwave spike bursts and associated cross-field transport, Astrophys.
J., 332, 466.

Winglee, R. M., J. D. Menietti, and H. K. Wong (1992), Numerical simula-
tions of bursty radio emissions from planetary magnetosphere, J. Geo-
phys. Res., 97, 17,131.

Wu, C. S., and L. C. Lee (1979), A theory of the terrestrial kilometric
radiation, Astrophys. J., 230, 621.

Wygant, J. R., et al. (2000), Polar spacecraft based comparisons of intense
electric fields and Poynting flux near and within the plasma sheet-tail
lobe boundary to UVI images: An energy source for the aurora, J. Geo-
phys. Res., 105, 18,675.

Zarka, P. (1992), The auroral radio emissions from planetary magneto-
spheres: What do we know, what don’t we know, what do we learn from
them?, Adv. Space Res., 12, 115.

Zarka, P. (1998), Auroral radio emissions at the outer planets: Observations
and theories, J. Geophy. Res., 103, 20,159.

Zarka, P. (2004), Radio and plasma wave at the outer planet, Adv. Space
Res., 33, 2045.

Zarka, P., T. Farges, B. P. Ryabov, M. Abada-Simon, and L. Denis (1996),
A scenario for Jovian S-bursts, Geophys. Res. Lett., 23, 125.

�����������������������
C. W. Carlson, Space Sciences Laboratory, University of California,

Berkeley, 7 Gauss Way #7450, Berkeley, CA 94720, USA. (cwc@ssl.
berkeley.edu)
R. E. Ergun, Laboratory for Atmospheric and Space Physics, University

of Colorado, Boulder, CO 80303, USA. (ree@fast.colorado.edu)
L. Ma and Y.-J. Su, Physics Department, University of Texas at

Arlington, 502 Yates, Science Hall Room 108, Box 19059, Arlington, TX
76019, USA. (yijiun@uta.edu)
P. L. Pritchett, Department of Physics and Astronomy, University of

California, 405 Hilgard Avenue, Los Angeles, CA 90095, USA. (pritchet@
physics.ucla.edu)

A08214 SU ET AL.: SHORT-BURST OBSERVATIONS FROM FAST

9 of 9

A08214


