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Control of particle precipitation
by hydromagnetic waves
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During the past year, we have continued our analyses
of 30-megahertz riometer data obtained at Siple Station,
data from balloon-borne X-ray and electric field detec-
tors in the northern hemisphere conjugate region, and
hydromagnetic wave data from Siple Station and from
four stations spaced in latitude (L = 3.2-4.4) but also in
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the northern hemisphere conjugate region. A principal
research objective is the determination of conditions for
correlative particle precipitation and hydromagnetic
wave phenomena.

In one study (Maclennan et al., 1978), we discussed
a Pc5 (about 3 millihertz) pulsation event observed in
ground magnetic data and balloon electric field and X-
ray data. Our principal conclusion was that the electric,
magnetic, and electron precipitation variations were ob-
served to be in close phase relationship only when the
resonance region of the magnetospheric waves was lo-
cated close to -where the measurements were made. The
localization of the resonance region was determined
from the latitude variation of wave amplitude and po-
larization in the context of the Southwood (1974) and
Chen and Hasegawa (1974) resonance model.

Here we present evidence in another pulsation event
for the apparent control of some particle precipitation
by hydromagnetic waves. Figure 1 illustrates the details
of this event. The top two traces show the presence of
an -90-second (approximately 90-second) variation of
precipitated electrons at conjugate points of the L 4
field line in the interval from about 1150 to 1155 uni-
versal time (UT). This long-period wave also was evident
in the Siple Station magnetic data (bottom three traces),
most prominently in the D-component (magnetic east-
west). The first evidence of this long-period wave in all
data sets was observed about 5 minutes earlier. As is
clear from figure 1, precipitation accompanying the
-90-second wave was terminated when the wave period
suddenly changed to about 30 seconds after 1155 UT.

The wave localization characteristics, as shown in fig-
ure 2, were observed to be very different for these two
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Figure 1. Conjugate long-period (-90-seconds) electron
precipitation pulsations recorded by Siple Station 30-meg-
ahertz riometer and Roberval balloon x-ray detector (45-65
kiloelectronvolts). Similar wave variations also occur in Si-
pie Station magnetic field data until -1155 universal time
(UT). No related particle modulation accompanies sudden
shift of hydromagnetic wave period to 30 seconds after

1155 UT.

rimWIMP	FA W	a 1 9 11	1 1 1
—JCL
4

	

1152 Ul
	

1159 UT

3.2 3.5	4.0	4.4	3.2 3.5	4.0	4.4

Figure 2. Amplitude of magnetic variation at peak of the
-90-second (left panel) and -30-second (right panel) wave
events as a function of latitude (L value) in the northern
hemisphere conjugate region. Also shown are schematic
representations of wave ellipse orientations and polariza-
tions In plane approximately transverse to local magnetic
field. Siple Station amplitudes (solid dots) plotted arbitrarily
at L = 4.4 in northern hemisphere because Siple Station
conjugate point cannot be precisely determined. Sudden
shift of wave frequency in data of figure 1 was accompanied

by reversal in sense of polarization at all stations.
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frequencies. At the lower frequency (1152 UT), the wave
was right-hand polarized on the low-latitude side of the
resonance region (where the precipitation was ob-
served). The higher frequency wave (1159 UT) exhibited
left-hand polarization at all stations.

An examination of the interplanetary plasma and
magnetic field data for times surrounding this event has
not revealed definitive evidence of structures likely to
have triggered a sudden change in wave properties
within the magnetosphere.

A possible interpretation of this event may lie in the
suggestion by Orr and Matthew (1971) that double res-
onance peaks in the magnetic pulsation spectrum at L

4 with frequencies similar to those observed here are
consistent with plasma density changes at the plasma-
pause. The relationship of Siple Station to the plasma-
pause for this event remains to be determined. However,
this and other events being studied indicate that ultra-
low-frequency (ULF) hydromagnetic waves play an im-
portant role in modulating the flux of precipitated en-
ergetic electrons.
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Rocket investigation of naturally
and artificially triggered electron

precipitation near the
plasmapause
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Among the most significant research achievements at
Siple Station have been the discoveries that naturally
triggered emissions of magnetospheric waves at a few
kilohertz can cause the precipitation of electrons into the
atmosphere (Rosenberg, Helliwell, and Katsu frakis,
1971), as well as that the Stanford transmitter can trigger
magnetospheric wave emissions (Helliwell and Katsuf-
rakis, 1974).

These processes are probably resonant electron cyclo-
tron interactions that occur near the equator, but the
detailed physics is not understood. Furthermore, the
affected electrons have been observed only indirectly by
the effects of the precipitated component on the atmos-
phere, such as bremsstrahlung X-rays. The effects of the
transmitter on electrons have not yet been observed at
all. Any transmitter-induced wave amplification must be
accompanied at least by the scattering in angle of some
of the magnetos pherically trapped electrons. Observa-

tions of this scattering in both natural and artificial
events would increase understanding of the resonant in-
teraction, which is likely to be crucial in such phenomena
as microbursts and more broadly as it affects the stability
of electron trapping in planetary magnetospheres.

A test rocket was launched into a class I post-breakup
aurora in Norway in January 1978. High-voltage break-
down occurred and a door failed to eject; otherwise the.
vehicle and instrumentation performed well and ob-
tained significant scientific data. Appropriate redesign
and testing have been done to eliminate the observed
failure modes.

In this flight, electrons from 20 to over 200 kiloelec-
tronvolts were observed within an aurora! arc. The pres-
ence of the highest energies clearly indicates that other
processes besides DC electric fields are operative in au-
rora! precipitation. The STARE auroral radar was in op-
eration at the time through the cooperation of the Max-
Planck Institute for Aeronomy at Lindau, West Ger-
many. Correlation of the radar and particle data is still
in progress.

The program to observe the waves and electrons di-
rectly using Nike-Tomahawk sounding rockets will take
place at Siple Station in the austral summer of 1979-80.
The rocket instruments will make comprehensive mea-
surements of electron pitch angles and energies and of
electric and magnetic fields over a wide frequency range.
The instruments have been significantly improved over
the January 1978 test rocket, especially in the addition
of a common automatic gain control system for the wave
measurements, which will enable the Poynting vector to
be extracted from the data.

Besides the Nike-Tomahawk rocket payloads, balloons
will be launched at both Siple Station and Roberval with
X-ray bremsstrahlung, very low frequency (VLF), and
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