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Abstract—During a substorm on March 28, 1983, two Los Alamos geostationary satellites with different
longitudes turned out to be in one substorm injection region. Satellite /98/-025 was located near the western
flank of the injection region. and satellite /982-019, in the center of it. In the central part of the injection
region, the proton spectrum was measured as softer than in the western part of it, where protons accelerated
up to 0.5 MeV were observed. The properties of the electron spectra were more complicated. The electron
spectra in the vicinity of geosynchronous orbit are known to consist of two components, a hard and a soft
one. The hard component varies negligibly during substorms on a time scale of several hours, while the soft
component intensity depends on substorm activity. In our case, the hard component spectra were identical at
both satellites. This can be interpreted as an indication that both satellites were at the same drift shell. The
intensity of the soft component was higher at the satellite that was in the center of the injection region. We
estimated the increase of typical particle energies between the satellites at 200 keV for protons and about

40 keV for electrons.

INTRODUCTION

Particle injections at geostationary orbit were consid-
ered in many papers. but still, the dependence of particle
energy spectra on longitude has not been studied well.
This is due 10 the fact that events in which two or more
satellites are in one and the same substorm injection
region arc extremely rare. In one such case, researchers
[1] succeeded in measuring particles at different edges of
the injection region. It was found that at the western edge
of an active region, the proton injection is dominant over
electron one, and at the eastern edge, the situation is
opposite. Observations of this kind are very important
for better understanding of particle acceleration mecha-
nisms during injection.

To consider injection characteristics at different
points, we tried to use the data of measurements made
with the satellites of the Los Alamos National Labora-
tory. Though the set of three such satellites have been
permanently in orbit since 1976, several conditions
should be satisfied to find an event suitable for studies.
First, the injection region should have dimensions
exceeding the longitudinal separation of satellites.
Second, the magnetosphere is very unstable during
substorms and geostationary satellites have little
chance of being at one and the same drift shell.
Besides. the time resolution of craft-borne instru-
ments is very important, as substorm injections have
typical duration of the order of several tens of seconds
(2]. Detailed analysis of both global and local data of
ground-based and spacecraft observations is neces-

sary to account for the space—time structure of a per-
turbation. It is obvious that all these conditions can be
satisfied only on rare happy occasions. We consider
one such rare event in the present paper. As opposed
to [1], mainly the energy spectra of particles rather
than the temporal particle flux behavior are analyzed.

OBSERVATIONS

An isolated substorm occurred on March 28, 1983,
and has already been studied in [3] with the data of
auroral observations by the DE-1 satellite. Both the
data of [3] and the ground-level magnetic measure-
ments analyzed by us both showed the substorm
developing as a sequence of four intensifications; one
of them was missed in [3] due to the poor time resolu-
tion (12 min) of the spacecraft instruments. Figure 1
shows these four intensifications as they were
observed by satellite 1982-019 in the midnight sector.
Four flux enhancements for protons with energies
from 95 to 110 keV are in a good time correlation with
pulsations Pi2 recorded by the US Air Force Geophys-
ical Laboratory (Fig. 2). The injection that we con-
sider here took place during the last D intensification.
Data of the global network of magnetometers (see
Table 1) allow us to determine the location and width
of these intensifications. Intensification D covered
more than eight hours of local time, in full agreement
with the DE-/ satellite data [3].



_5
=
3
-

!
=

L UL L

05 UT, 4

j, (cm? s stkeV) !

B

—
<X
[rrimmm 7T

10!

(TU TS wT

Ut L.

Fig. 1. Varations of proton fluxes in the energy range of 95—110 keV (upper panel), and fluxes of electrons with energies 3045 keV
(lower pancl). as measured aboard the 7982 -0]9 satellite in the night sector during the period 03-06 UT on March 28. 1983. Vertical
lines A. B. C. and D mark the time of onset of substorm intensifications deduced from the data of ground-based observations.

The intensification D started at 04:19 UT and
developed as a series of impulsive events. The Pi2 pul-
sations reflect this temporal structure in sudden
changes of their wave form, as, for instance, at 04:27
UT (Fig. 2).

In Fig. 3, the particle flux intensities are displayed
as measured at the satellites /987-025 and /982-019
which were at 14:27 UT in the MLT sectors 19:20 and
23:40, respectively. In the following, we will refer to
them as the “evening” and “nightside” satellites. At
the nightside satellite, a proton flux spike is distin-
guishable around 04:27 UT in most energy channels.
The evening satellite detected the proton injection
during the D intensification with a certain delay that
probably was caused by the spacecraft location out-
side (to the west) of the active region in the beginning
of the intensification. This injection with energy dis-
persion signatures was recorded only at 04:23. But the
proton flux peak recorded at 04:27 did not show
energy dispersion (at least within the limits of the data
time resolution of 10 s). This means that the injection
region broadened at this moment to the west. Protons
of very high energies (>400 keV) were detected in this
spike (Fig. 3, bottom panel). As already noted above,
at 04:27 UT, the Pi2 pulsations show a sudden wave-
form change that marks the onset of an elementary
event (4-6]. Simultaneous dispersionless injection of
protons observed at the two separa... satellites do
confirm this.

Around 04:27 UT, an electron flux enhancement is
also seen at both satellites. The electron enhancement
measured by the nightside satellite is larger in the low
energy channels, while the evening satellite observes
an electron spike more pronounced at higher energies.
Morcover, the flux peak of the evening satellite exhib-
ited some signatures of energy dispersion of electrons.

Figure 4 presents the proton and electron spectra of
the evening and nightside satellites for the time 04:27
UT. A comparison of the proton spectra shows the
spectrum in the evening sector to be considerably
harder than that in the nightside sector. As for the elec-
tron spectra, the situation is more complicated. The
electron spectra are composed of two components.
This is a well known feature of the electron population
in the near-Earth magnetosphere [7]. The electron
spectra in Fig. 4 differ at the low energy part, but they
are nearly identical for energies above 170 keV. The
low energy component has larger intensity in the
nightside sector.

DISCUSSION

The main problem in comparing particle characteris-
tics at different longitudes in a geostationary orbit is that
the particles do not drift along the orbit and the detected
particles usually represent populations from different
drift shells. However, we believe that, in our case, we can
demonstrate that for the time under consideration, the
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Fig. 2. Pulsations of magnetic field components B, and B,. recorded by a network of stations of US AF Geophysical Laboratory
(see the Table for notations). Vertical lines A, B, C, and D ‘mark the time of onsets of burst pulsations Pi2, corresponding to inten-
sifications of a substorm explosive phase. The moment 04:27 UT is shown by an arrow.

evening and nightside satellites were on one and the
same drift shell. As was shown in [7], the intensity of the
high energy component (E > 200 keV) of electron spec-
tra is not affected by substorm activity on a time scale of
some hours, and it decreases with increase of the radial
distance from the Earth. From the identity of the hard
component of electron spectra. as is seen in Fig. 4, one
can conclude that the satellites were indeed at the same
drift shell. It is important to note, however, that this con-
clusion is not valid for the other time periods. In general,
high energy parts of the two satellite spectra are different
in the substorm intensification period D, and even imme-
diately before 04:27 UT. This means that the satellites
spent most time at different drift shells. The reason why
the satellites were located on the same drift shell at the
time 04:27 UT was, obviously, dipolization of magnetic

field, typical for a substorm explosive phase. Let us note
that the elementary injection process and the related
dipolization both have a time scale on the order of one
minute [2, 8]. The spike of hard electrons at the evening
satellite also has the same duration, and this spike shows
signatures of energy dispersion that indicate the presence
of electron drift from west to east.

In the process of dipolization with corresponding
injection, the evening satellite turned out to be at the
lower L-shell near the western edge of the active
region. As a result, the satellite detected electrons
drifting eastward from the unperturbed region. The
weak energy dispersion in this electron spike indicates
that the satellite was indeed very close to the edge of
the injection region.
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