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Relativistic electron microbursts

during the GEM storms
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Abstract. Observations of relativistic (>1 MeV) electron
microbursts by the Solar, Anomalous, and Magnetospheric
Particle Explorer (SAMPEX) satellite are frequently asso-
ciated with geomagnetic storms. We examine the charac-
teristics of these microbursts during 1997 and 1998, pay-
ing particular attention to the three storms selected by
the Geospace Environment Modeling (GEM) community for
special study: May 15, 1997, September 25, 1998, and Octo-
ber 19, 1998. The relativistic electron microbursts strongly
correlate with both the Dst and Kp indices and generally
increase in intensity and move to lower L shells during the
recovery phases of geomagnetic storms. During the recovery
phases of the September and October 1998 storms, the num-
bers of >1 MeV electrons lost from the radiation belts to the
microburst precipitation are estimated to be 2.5×1025 and
3.3×1024 , respectively. In both cases, the microburst loss is
a significant fraction of the total radiation belt population.

Introduction

The relativistic electron population in the Earth’s radia-
tion belts has been the subject of much recent interest. Al-
though it has long been known that the relativistic electron
content increases with increasing solar wind speed [Paulikas
and Blake, 1979], the exact mechanisms causing variations
in the population of electrons >1 MeV are still not under-
stood. These variations are also frequently associated with
geomagnetic storms. The Geospace Environment Modeling
(GEM) community has selected three geomagnetic storms
for detailed analysis and comparison. These storms occurred
on May 15, 1997 (day 135), September 25, 1998 (day 268),
and October 19, 1998 (day 292). They produced different
responses in the radiation belts, although all three resulted
in increases in the relativistic electron population [McAdams
et al., 2001].

Observations of changes in relativistic electron popula-
tions for other storms have been described by Baker et al.
[1998] and Reeves [1998]. Typically, the relativistic electron
population will drop out during the main phase of a storm,
and then recover on a time scale of ∼1 day to a level that
may or may not be greater than the prestorm level. The
adiabatic “Dst effect” can account for part, but not all, of
this dropout [Li et al., 1997; Kim and Chan, 1997]. Some of
the dropout may also be due to interactions with the mag-
netopause or loss to the atmosphere through precipitation.

One form of precipitation that has been associated with
geomagnetic storms and may account from some of this
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dropout is relativistic electron microbursts [Friedel et al.,
2000; Blake et al., 2001]. These >1 MeV microbursts last
<1 s and are typically observed at the outer edge of the ra-
diation belt. They have been observed at all local times, but
occur predominantly in the morning sector, where they have
been associated with VLF chorus waves [Lorentzen et al.,
2001]. The microbursts may be a signature of wave-particle
interactions that also are important for acceleration of elec-
trons. Acceleration by interaction with whistler mode waves
has been suggested by Summers et al. [1998], Roth et al.
[1999], and Summers and Ma [2000]. In this letter we ex-
amine observations of relativistic electron microbursts asso-
ciated with the three GEM storms.

Instrumentation

The Solar, Anomalous, and Magnetospheric Particle Ex-
plorer (SAMPEX) satellite was launched on July 3, 1992
into an orbit of 520 × 670 km altitude and 82◦ inclination
[Baker et al., 1993]. The orbit period is ∼96 minutes. The
Heavy Ion Large Telescope (HILT) is sensitive to electrons
>1 MeV when passing through the radiation belts and has
a geometric factor of 100 cm2 sr and a view angle of 68◦ ×
68◦ [Klecker et al., 1993]. Data were sampled every 20 ms
during 1997 and 1998. From May 8, 1996 until May 7, 1998
the satellite was spinning once per minute, giving coverage
over a range of pitch angles. At other times, the satellite
was pointed towards the zenith, approximately along the
field lines at high latitudes.

Observations

Observations of relativistic electron microbursts from the
SAMPEX satellite have been presented elsewhere [Naka-
mura et al., 1995, 2000; Blake et al., 1996; Lorentzen et al.,
2001], but here we focus on the three GEM storms and pro-
vide quantitative estimates of the precipitating flux in order
to facilitate comparison with theory.

Figure 1 shows an example of a SAMPEX pass through
the radiation belts on October 19, 1998 at 0940 magnetic
local time (MLT). At this time, the spacecraft was in zenith-
pointing mode. The solid red line shows the >1 MeV elec-
tron flux and the blue dotted line shows the spacecraft posi-
tion in L shell. The microbursts were most prominent when
SAMPEX was located between L = 4 and L = 6. Because
of the large field of view of the instrument, it samples both
trapped and precipitating particles at the same time. How-
ever, previous studies have shown that the microbursts are
precipitating and frequently fill the loss cone [Blake et al.,
1996]. The black dashed line shows the envelope of the lo-
cally trapped portion of the flux, which will be discussed
later.
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Figure 1. Electrons >1 MeV microbursts on October 19, 1998
(red). The satellite was in zenith-pointing mode at this time, so
the instrument was looking approximately along the field lines at
the microburst precipitation. The black dashed line shows our
estimate of the locally trapped population and the blue dotted
line shows the position in L shell.

Distribution of Microbursts

Figures 2c and 2f show histograms of the number of
passes during which SAMPEX observed relativistic electron
microbursts in the outer radiation belts each day in 1997
and 1998. The relativistic electron microburst events were
selected automatically by comparing the average count rate
in a 100-ms period with a 500-ms running average. Ra-
diation belt passes for which the difference exceeded ten
times the standard deviation were identified as containing
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Figure 2. Correlation of microburst events with Dst and Kp for 1997 and 1998.

microbursts. Since the satellite passes through the radiation
belt four times on each 96-min orbit, the maximum number
of microburst events is 60 per day. Figures 2a and 2d show
Kp and Figures 2b and 2e show Dst for this period. There
is a clear association between microburst events and the ge-
omagnetic indices. When the number of microburst events
are cross-correlated with daily averages of these indices, the
correlation coefficients are found to be 0.75 for Kp and -0.72
for Dst in 1997. In 1998 the correlation coefficient for Kp is
0.80 and for Dst is -0.76. Both the number of microbursts
and the indices show that 1998 was more active than 1997.
Some care must be taken in comparing microburst occur-
rence between periods when the satellite was in spin mode
and zenith-pointing mode, however. In spin mode the satel-
lite spends less time sampling precipitating particles.

Figure 3 shows Kp and Dst for each of the three GEM
storms, along with the position in L where the bursts were
observed. The bursts tended to start during the main phase
of the storm and continue into the recovery phase. The
bursts also moved to lower L shell during the storm. The
location of the inner plasmapause boundary was also cal-
culated from the formula Lppi = 5.6 − 0.46Kpmax, where
Kpmax is the maximum Kp value in the preceding 24 hours
[Carpenter and Anderson, 1992]. The inner edge of the
bursts generally followed the plasmapause location. In both
the May 1997 and October 1998 storms, the largest mi-
croburst events began during the storm recovery phase, al-
though some smaller events were seen during the storm main
phase. This pattern is similar to the 1993 storms examined
by Nakamura [2000]. However, the September 1998 storm
looked different because the microbursts started well before
the storm main phase, in association with an enhanced Kp.
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Estimate of Microburst Precipitation Loss

Because the microbursts look different depending on
where SAMPEX is located in local time and with respect to
the South Atlantic magnetic anomaly, it is difficult to quan-
tify the electrons lost over multi-day intervals. However, by
examining individual passes, it is possible to estimate the
flux lost during a short period. As an example, we return
to Figure 1. An examination of every pass during the Oc-
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Figure 3. Microburst occurrence and geomagnetic activity for
all three storms. The lower panels show the location and extent in
L shell of the microburst events (green) along with the calculated
plasmapause location (blue).

tober 1998 storm shows that the morningside microbursts
continued at this intensity for ∼6 h. At other times, the
microbursts were over an order of magnitude less intense.

In order to quantify the number of electrons lost to
microburst precipitation, we need to separate the non-
microburst locally trapped background. To estimate this
background, we traced the lower envelope of the timeseries,
and added a multiple of the Poisson error. This procedure
created a profile that sits above the statistical variations
in the trapped background and below the microbursts, as
shown by the dashed black line in Figure 1. Averaging the
flux above this profile, we obtain 275 cm−2 s−1 sr−1.

To obtain a global estimate of the microburst precipi-
tation, we assume downward isotropy. Previous observa-
tions have shown that microburst precipitation peaks be-
tween L shells of 4 and 6 and in the morning sector between
MLT 0300 and 0900 [Nakamura et al., 2000; Lorentzen et al.,
2001]. The area of that portion of a sphere at 600 km al-
titude extending over 6 hours MLT from L = 4 to L = 6
is 8.5×1016 cm2. Multiplying the average flux by this area
and by 2π sr and by 6 h gives the total number of electrons.
Using this technique, we estimate that 3.3×1024 relativistic
electrons were lost to microburst precipitation during the
October 1998 storm.

The September 1998 storm had even more intense mi-
crobursts, and we estimate that 2.5×1025 relativistic elec-
trons were lost during the ∼6 hours of intense microburst
precipitation observed. The preceding global estimates de-
pend on the assumption that the microburst flux is isotropic
and constant over the L and MLT ranges specified. Each
value in the calculation may vary by a factor of 2-3, possibly
introducing a total variation of up to an order of magnitude.
Because the spacecraft was spinning in May 1997, it is not
possible to estimate the number of electrons lost during that
storm.

Discussion

Baker et al. [1998] estimated the average 2-6 MeV elec-
tron content in the radiation belts from L = 2.5 to L = 6.5
before and after the January 10, 1997 storm. Although no
total electron content values have been published for the
GEM storms, McAdams et al. [2001] have shown that the
poststorm flux in all 3 GEM storms was within an order of
magnitude of that for the January 1997 storm. Baker et
al. [1998] found that the radiation belts contained 8.6×1022

electrons on January 9 and 1.0×1026 electrons on January
11. The prestorm electron content is smaller than our esti-
mates for >1 MeV microburst precipitation losses, implying
that microburst precipitation losses can be very significant
in the radiation belts. A single storm could essentially flush
out the entire relativistic electron population. Thus, mod-
els for electron acceleration need to account for an increase
in particles above and beyond a simple difference between
pre- and post-storm fluxes. The microbursts may also be
involved in both acceleration and loss processes at the same
time.

These data have important implications for theoretical
models of the behavior of relativistic electrons in the radi-
ation belts. The model of Bourdarie et al. [1997] invokes
losses due to wave particle interactions with VLF hiss inside
the plasmasphere while the model of Summers et al. [1998]
uses losses on the duskside due to wave particle interactions
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with ion cyclotron mode waves. These types of wave particle
interactions are not consistent with SAMPEX observations
of relativistic electron microburst precipitation because they
occur at different L shells and local times. In a more recent
model, Summers and Ma [2000] include morningside losses
through an escape term, although the relative contributions
from whistler and ion cyclotron waves are not specified.

Inward radial diffusion is believed to be one source of
relativistic electrons [Schulz and Lanzerotti, 1974; Li et al.,
2001]. However, other acceleration mechanisms may also
be important. Summers and Ma [2000] suggest that the
source of the relativistic electrons is morningside wave par-
ticle interactions with whistler-mode chorus. The relativis-
tic electron microbursts may be the signature of such an
interaction with chorus [Lorentzen et al., 2001]. Wave par-
ticle interactions in the inner magnetosphere are consistent
with peaks in phase space density observed by Selesnick and
Blake [2000]. The variations in relativistic electron content
may actually result from a combination of multiple source
and loss mechanisms.

The number and magnitude of the relativistic electron
microburst events indicate the importance of this phe-
nomenon to radiation belt dynamics. Future models of ra-
diation belt source and loss processes need to consider mi-
croburst effects in order to understand fully the processes
causing changes in relativistic electrons during geomagnetic
storms.
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