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whether auroral brightenings and fadings form a con-
tinuous spectrum, or even whether large decreases in
auroral power likewise occur over a short time scale
(which could be considered a negative, or inverse sub-
storm). We used Polar UVI images of global auro-
ral power to investigate these and related questions.
Specifically we considered the distribution of dP/dt
and (dP/dt)/P, that is, the distribution of absolute and
relative changes in auroral power. At small values of
—dP/dt—, negative changes are much more frequent
than positive changes. In fact, a small negative change
in auroral power is by far the most common type of
change. Hence the typical behavior of the aurora is
a slow decline in power from one image to the next.
Large magnitude changes are rare, but turn out to be
almost exclusively positive (i.e., inverse substorms do
not exist). Beyond about 0.2%/s relative change in au-
roral power (amount to a 20% change over 100 s), only
positive events occur, within the measureable noise lev-
els. However no clear boundary exists which divides
substorms from other types of auroral boundaries: the
spectrum of large positive changes in auroral power is
continuous, without any apparent inflection point.
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In this study, we examine magnetic and electric field
data taken from the NASA SIERRA multiple-payload
rocket mission, which flew into a 100 nT auroral sub-
storm at altitudes up to 735 km over the Poker Flat
Research Range in Alaska on January 14, 2002. The
SIERRA experiment was composed of three payloads
synchronized with GPS and employing a new COW-
BOYS (COrnell Wire BOom Yo-yo System) electric
field boom configuration. First we give an overview
of the deployment, rough attitude, and geometry of
our three-spacecraft system. We then show that the
magnetic variations found on all three spacecraft mag-
netometers is consistent and that a field-aligned cur-
rent interpretation of the magnetic variations is believ-
able. The measured magnetic field gradients are shown
to be correlated with precipitating electrons in typical
inverted-V structures. Using accurate GPS position-
ing and timing and the magnetometer data from these
multipoint observations, we infer current densities, as-
suming a static interpretation. We also examine the
magnetic field variations for the presence of Alfvénic
activity. Future work will be enabled once a full at-
titude solution is obtained for all three payloads, per-
mitting the calculation of ¥V X B and the DC-electric
fields.

URL: http://sierra.cce.cornell.edu/
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The visual auroral takes on a bewildering variety of
forms ranging from the discrete, highly structured to
the diffuse glow. There is a similarly large variety of
electron distribution functions associated with aurora
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precipitation ranging from the field-aligned monoener-
getic to the broad spectrum, nearly isotropic. An enor-
mous conceptual simplification can be obtained by as-
suming that auroral electrons are accelerated as spa-
tially narrow, field-aligned beams, which are immedi-
ately scattered. The scattering leaves the bulk of elec-
trons in quasi-trapped orbits. The trapped electrons
are subject to a rapid pitch-angle scattering process
that maintains pitch-angle isotropy and continued au-
roral luminosity after the acceleration event has passed.
Gradient and curvature drift of electrons acts to spa-
tially diffuse the forms.

A radiation transport code is used to test this hy-
pothesis. Auroral imagery from the Polar Satellite is
used to define an initial radiation distribution, assum-
ing pitch angle isotropy. The radiation transport code,
is used to compute subsequent precipitation patterns,
due to rapid pitch angle diffusion between a prescribed
set of altitudes. These precipitation patterns can be
compared with subsequent Polar images. It is found
for a particular isolated substorm event that the lumi-
nosity decay time of about a half hour can be accounted
for with the radiation transport code, assuming rapid
pitch angle scattering occurs between the altitudes of
6,000 and 30,000 km. Eventually, the trapped electron
population will fall to the point that it will no longer
sustain the instability responsible for rapid pitch-angle
diffusion. This will leave a residual population more
permanently trapped. The role of the aurora in replen-
ishing the radiation belts will be discussed.
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A non-local kinetic theory has been developed to
describe the interaction between electrons and Alfvn
waves on auroral field lines, including the mirroring of
electrons by the dipole magnetic field. Calculations of
the relative wave power converted to particle accelera-
tion have been performed. For the model density pro-
file considered, the peak power dissipated occurs for
a plasma sheet temperature of 1 keV, a frequency of
0.2 Hz, and a perpendicular wavelength of about 10
km. At frequencies above 0.1 Hz, the power dissipated
has a sensitive dependence on the frequency due to the
effect of the ionospheric Alfven resonator. At lower
frequencies, the wave reflects from the region of large
parallel electric field, and so the ionospheric conduc-
tivity does not affect the results. The variations in the
electron distributions will be considered, with empha-
sis on the energy flux of electrons precipitating into the
ionosphere. The effective current-voltage relation as a
function of the frequency of the Alfven waves will be
determined.
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‘We have detected banded fine structure in dynamic
spectra of auroral kilometric radiation (AKR) from the
WBD instrument on multiple Cluster spacecraft. The
banded structure consists of periodic amplitude mod-
ulation of AKR burst emission with a frequency sep-
aration close to the local proton cyclotron frequency.
We have analyzed ten examples of this fine structure
in the 250-262 KHz and 500-512 KHz frequency bands.
The modulated AKR bursts were received on multiple
Cluster spacecraft during six epochs from 20 June to 27
July 2002. The banded structure is similar to that re-
ported by Grabbe (1982) from ISEE-1 observations, but
detailed measurements of the frequency spacing show
that it is systematically lower than the local proton cy-
clotron frequency by 5-20% at 250 KHz and 20-40% at
500 KHz. This systematic difference appears to rule out
the three-wave model proposed by Grabbe. We discuss
an possible alternative mechanism in which the banded
structure is caused by a diffracting screen located above
the AKR region.

URL: http://phobos.physics.uiowa.edu/rlm/research/
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Sudden increases in the solar wind dynamic pressure
compress the magnetopuase, leading to significantly en-
hanced Chapman-Ferraro currents, and a correspond-
ing increase in the magnetic field strength throughout
most of the magnetosphere. This is the dominant mag-
netic effect during the initial phase of storms, partic-
ularly so when the IMF is northward at the time of
the solar wind dynamic pressure increase. At least four
times during the past decade, a sudden, significant step
in solar wind pressure occurred when the viewing con-
ditions at Gillam (Canada) were good enough to allow
for observations of the proton aurora, and the CANO-
PUS Gillam Meridian Scanning Photometer was oper-
ating. In each case, a virtually instantaneous increase
in the proton auroral brightness occurred simultane-
ously with the ground magnetic signature of the dy-
namic pressure increase. Here, we focus on one of these
three events, for which there is excellent supporting in
situ and ground-based observations. Based on FAST
satellite transits of the auroral oval before and after the
pressure step, it is clear that the enhanced proton au-
roral intensity results from adiabatic energization, and
not an increased effectiveness of the pitch angle scatter-
ing process that causes the precipitation. The sudden
step in dynamic pressure leads to a sudden change in
the magnetospheric topology. This change is communi-
cated to the ionosphere by a transient Alfven wave, the
passage of which is clearly detected by the magnetic
and electric field instruments on Polar. This Alfven
wave causes a brief burst of electron precipitation that
results in a transient (3 min.) enhancement of the elec-
tron aurora. This ”shock aurora” was recorded by the
CANOPUS All-Sky Imager and MSP at Gillam. Events
such as this provide us with an excellent opportunity
to quantify one way that the solar wind provides en-
ergy to the magnetosphere, and to elucidate some im-
portant aspects of auroral electron acceleration, and
auroral proton pitch angle scattering.
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