
only be resolved in the past with the spatial information pro-
vided by optical imagery of auroral activity. Unfortunately,
optical data at auroral latitudes becomes sparse or nonexistent
during local summer, and is affected by clouds and moonlight
even during the winter. Although the spatial resolution of the
IRIS is inferior to optical systems, the time resolution is far
superior, and in addition, the riometer can operate year-round,
unaffected by clouds or extraneous light. We expect the im-
aging riometer data to be of significant value in understanding
the dynamics of magnetospheric and ionospheric processes.

The IRIS project from design to installation was supported
by National Science Foundation grant DPP 84-19272. The field
installation was performed by D.L. Detrick, L.F. Lutz, T.J.
Rosenberg, and Q. Wu. The team arrived at South Pole Station
on 21 December 1987; the antenna was installed and operating
on 2 January 1988, without a ground plane. The ground plane
was installed on 4 and 5 January. Operation and maintenance
of the instrument, as well as data processing and analysis, are
being supported by National Science Foundation grant DPP
86-10061.

The successful completion of the IRIS hardware project re-
quired the assistance of many people. The design parameters
evolved from valuable discussions with J. K. Hargreaves, W. C.
Erickson, L.F. Lutz, and H.J.A. Chivers; the hardware itself
was fabricated the the Electronic Development Group of the
University of Maryland Physics Department, with especially
useful contributions from J . Giganti and E. Knouse; initial anal-
ysis has benefited from the contributions of S. Krishnaswamy
and J.K. Hargreaves.

During the 1988 austral winter, Ed Wollack at South Pole
Station, and Brian Christensen at McMurdo Station (both of
Bartol Research Institute) will maintain the University of Mary-
land equipment at the respective stations. We appreciate the
assistance of Shep Doeleman at McMurdo, and Barry Goldberg

at South Pole (both of Bartol Research Institute) during the
1987 winter season. The ATS-3 satellite system is operated by
Paul Eden, of the University of Miami; we gratefully acknowl -
edge his assistance.

The magnetometer data used in figure 3b were acquired with
the assistance of L.J. Lanzerotti, AT&T Bell Laboratories, Mur-
ray Hill, New Jersey.
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There is relatively little published information about ener-
getic (x 20 kiloelectronvolt) electron precipitation in the high-
latitude dayside auroral zone. The emphasis in statistical stud-

ies has been on energies of 20 kiloelectronvolts or less (e.g.,
Hardy, Gussenhoven, and Holeman 1985). We will present
data which suggest that energetic electron precipitation is a
significant phenomenon even at invariant (i.e., magnetic) lat-
itudes as high as 75°, the invariant latitude of South Pole Sta-
tion. Between 15 December 1985 and 16 January 1986, the
University of Houston and the University of Maryland used
balloon-borne sensors to measure bremsstrahlung X-rays (from
precipitating electrons) and electric fields at South Pole Station.
In this paper, we present bremsstrahlung data for 2 and 3
January 1986 (Matthews et al. 1988).

On the dayside under quiet conditions, South Pole Station
is well equatorward of the cusp and may even be equatorward
of the auroral oval. Under magnetically active conditions, how-
ever, the cusp moves equatorward, often to 75° invariant or
even lower; thus at one time or another on the dayside the
station may be in the auroral oval, in the cusp, or in the polar
cap.

As these very different plasma and field regions pass over
the station, electrons precipitated on the station field line can
be expected to exhibit an extreme range of characteristic ener-
gies, from tens of electronvolts up to (as we shall show here)
hundreds of kiloelectronvolts. Likewise, magnetospheric and
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ionospheric electric fields and the associated plasma flows and
currents will exhibit a wide variety of behavior at the station,
depending on the region that is overhead. Ground-based mea-
surements have been made at South Pole Station continuously
for many years (e.g., Lanzerotti and Park 1978; Rosenberg
1982); but neither the very wide range of electron energy spec-
tra nor the effects of electric fields can be measured adequately
by ground-based sensors at the station. For example, the riom-
eter provides a measure of the intensity of electron precipi-
tation for energies 5-10 kiloelectronvolts, and during the
winter months optical observations can give limited informa-
tion on the electron energy spectrum at lower energies; how-
ever, no spectral information at higher energies can be obtained
with present ground-based techniques.

Balloon-borne instruments provide the opportunity to sam-
ple the higher-energy component of the precipitated electrons
(via X-ray bremsstrahlung) as well as the electric field. In the
vicinity of South Pole Station in the summer months of De-
cember and January, winds aloft are very light, typically 2 or
3 meters per second, so that balloons can remain within te-
lemetry range of the station—about 500 kilometers—for 4 days
or more.

Results. The data presented here are from the University of
Maryland balloon X-ray spectrometer. X-ray events were ana-
lyzed on board into seven differential channels between 25
and 500 kiloelectronvolts and an integral channel >25 kiloe-
lectronvolts. Energy spectra of precipitating electrons were de-
duced from the X-ray measurements on 2 and 3 January 1986
during which time the balloon remained within 70 kilometers
of the station. The period was one of low to moderate geo-
magnetic activity.

Figure 1 summarizes the precipitation on 2 January as ob-
served in cosmic radio-noise absorption (30-megahertz riom-
eter data) and in four energy channels of the balloon X-ray
data. The X-ray data are actual counts, including background
due to cosmic-ray effects in the atmosphere. On both 2 and 3
January almost all the precipitation occurred between approx-
imately 0830 and approximately 1830 universal time (0500 and
1500 local magnetic time). This diurnal pattern of precipitation
is often observed in riometer data at South Pole Station (Har-
greaves, Chivers, and Petlock 1964; Rosenberg 1987). We as-
sume that the precipitation observed within the study period,
which we identify as the dayside, occurred on field lines equa-
torward of the trapping boundary.

We inverted the X-ray spectra during particular intervals into
spectra of precipitating electrons with characteristic (average)
energy Er,. Most of the time, on both days, the characteristic
energy Ec was between 20 and 30 kiloelectronvolts; however,
there were a number of intervals, lasting from a few minutes
to almost an hour, in which E 0 was in the range of 40 to 200
kiloelectronvolts. A particularly interesting event of this kind
is shown in figure 2, which displays the X-ray count rates in
all 7 differential energy channels. The data are shown both
unfiltered and low-pass filtered. Initially E 0 was 150 kiloelec-
tronvolts at 0957 universal time, softening to 30 kiloelectron-
volts at 1006; that is, the electrons of lowest energy
(approximately 35 kiloelectronvolts) peaked 9 minutes later
than those of highest energy (approximately 350 kiloelectron-
volts). This observation of 9-minute dispersion suggests gra-
dient drift and subsequent precipitation of trapped electrons
from an injection event in the midnight sector.

In another event, however, dispersion was less than 0.5
minute, indicating a strong perturbation of the trapped elec-
tron population close to the longitude of the station. This per-

South Pole	 30.0 MHz Riometer
1.15	
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X rays 65-95 keV
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100	
X rays 125-175 keV
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Figure 1. Dayside cosmic-noise absorption (Abs) and tour channels
of X-ray data, 10-second averages, background not subtracted, 2
January 1986. Data averaged over 10 seconds. Background counts
have not been subtracted. Local magnetic noon (N) is at 1530 uni-
versal time (UT). The maximum electron and energy fluxes for the
2-day period occurred at 1345 universal time and were 0.8 x 10
per square centimeter per second (>25 kiloelectronvolts) and 0.4
erg per square centimeter per second. (MHz denotes megahertz.
dB denotes decibel. Cts/sec denotes counts per second. keV de-
notes kiloelectronvolt.)

turbation, therefore, occurred in the morning sector and cannot
be explained in terms of a near-midnight injection.

We are not aware of any other published reports of electron
precipitation events with significant fluxes measured at all
energies from 20 to > 250 kiloelectronvolts at L> 10 (X > 72°).

The maximum electron and energy fluxes for the 2-day pe-
riod occurred at 1345 universal time on 2 January and were
0.8 x 107 per square centimeter per second (>25 kiloelectron-
volts) and 0.4 erg per square centimeter per second.

Another feature that can be seen in figure 1 is long-period
(several-minute) pulsations, especially between 1300 and 1400
universal time. Closely correlated pulsations were also present
in the balloon electric-field data and in the ground-based mag-
netometer data.

We acknowledge essential support by Larry Lutz in engi-
neering. This work was supported in part by National Science
Foundation grants DPP 84-15203 to the University of Houston
and DPP 86-14457 to the University of Maryland.
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Figure 2. Energetic precipitation event, showing time dispersion. Local magnetic time approximately 0630. Arrows indicate maxima at the
lowest and highest energies. Data averaged over 10 seconds. Background counts have not been subtracted. A. Unfiltered. B. Low-pass
filtered with a 3-minute cutoff. (Cts/sec denotes counts per second. keV denotes kiloelectronvolt.)
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