F1326

SM52E-08 1745h

2003 Fall Meeting

‘Wave Contributions to Coupling
Between the Ring
Current/Plasmasphere and
Subauroral Ionosphere

Louse C Gentilel (louise.gentile@hanscom.af.mil)
William J Burke? (bill.burke@hanscom.af.mil)
Evgenii V Mishin! (evgenii.mishin@hanscom.af.mil)

1Bos':on College, Institute for Scientific Research,
Chestnut Hill, MA 02467, United States

2AFRL/VSBXP, 29 Randolph Rd, Hanscom AFB, MA
01731, United States

It has long been established that strong electric
fields at subauroral latitudes in the post-sunset sec-
tor enable ionospheric closure of field-aligned currents
generated in the stormtime ring current. Recent ob-
servations by the DMSP satellites of ~10-km scale
plasma density and electromagnetic oscillations, within
the region of strong electric fields, indicate efficient
M-I coupling in the ring current-plasmasphere over-
lap. It is demonstrated that a feedback instability may
develop, analogous to that found in the auroral iono-
sphere. Enhanced electric fields and large-scale den-
sity troughs are the necessary conditions for the feed-
back to develop. Usually density troughs collocated
with strong electric fields are viewed as consequences
of frictional ion heating causing plasma outflow and in-
creased rates of recombination stemming from charge
exchange/transfer. This paper reports observations
from DMSP satellites that are not fully described by
this conventional model. During some strong subauro-
ral wave-structure events, density troughs coincide with
electron temperature enhancements, while the electric
fields and ion temperatures are barely perturbed from
background values. No significant ion outflows occur.
Our observations suggest additional requirements for
describing these subauroral dynamics. In addition to
the conventional model, we account for strong elec-
tron heating in the ring current-plasmasphere overlap
region. Resultant electron heat fluxes lead to the vi-
brational excitation of molecular nitrogen and support
enhanced rates of charge exchange/transfer and recom-
bination.
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Ground-based observations (SuperDARN) together
with multi-spacecraft observations (Polar, FAST, Inter-
ball and the Cluster satellites) reveal that structures
observed in the cusp are both temporal and spatial
phenomenon. While temporal cusp structures maybe
the result of variations in the reconnection rate at the
magnetopause, spatial cusp structures are thought to
be due to spatially separated flux tubes emenating from
multiple reconnection regions at the magnetopause. In
this study we analyze a double cusp structure observed
by the Cluster satellites. The analysis of the double
cusp together with ionospheric convection information
by the SuperDARN radar arrays show that these struc-
tures are associated with different convection cells, con-
sistent with a spatial phenomenon. The distance to the
reconnection line for both structures was calculated us-
ing the proven method of 3D cuts of the Cluster proton
distribution function in the cusp to identify the low en-
ergy cutoffs of precipitating and mirrored ion popula-
tions. The calculated distance to the reconnection line
is determined by tracing along the geomagnetic field
to the reconnection site, where the draped IMF is used
to estimate the magnetic field shear angle across the
magnetopause. We find that double cusp precipitation
originates in the anti-parallel reconnection regions in
the northern and southern hemispheres, confirming the
multiple reconnection line scenario.
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The conductivity of the ionosphere plays a vitally

important role in the electrodynamic coupling between
the magnetosphere and ionosphere. The primary mode
of coupling between these two regions is through field-
aligned currents, which depend on spatial gradients in
the conductivity. Despite its importance, values of
ionospheric conductivity are not readily available, due
mostly to the difficulty in measuring it, particularly
over widespread regions. No technique exists to di-
rectly measure the conductivity over large regions of
the high-latitude ionosphere. Using combined Super-
DARN measurements of the ionospheric electric field
and magnetometer measurements of the ground mag-
netic perturbation, it is possible to infer the height-
integrated Hall conductivity (Hall conductance) in the
localized region of the measurements. By using the ex-
tended nature of the SuperDARN and magnetometer
networks it is possible to make localized inferences of
the Hall conductance over a widespread region. Several
periods with collocated measurements extending over
many hours of local time are analyzed to determine the
Hall conductance for varying geomagnetic conditions.
The results are compared to other techniques and mod-
els commonly used to infer this quantity.
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It is now a common practice to employ ground-based
radars in order to distinguish between those regions of
the Earth’s upper atmosphere which are magnetically
conjugate to open and closed field lines. Radar returns
from ionospheric irregularities inside the polar cap and
cusp regions generally exhibit large spectral widths in
contrast to those which exist on closed field lines at
lower latitudes. It has been suggested that the so-
called Spectral Width Boundary (SWB) might act as a
proxy for the open-closed field line boundary (OCFLB),
which would then be an invaluable tool for investigat-
ing reconnection rates in the magnetosphere. The ex-
act cause of the increased spectral widths observed at
very high latitudes is still subject to considerable de-
bate. Several mechanisms have been proposed. This
paper compares a dusk-sector interval of coherent HF
radar data with measurements made by an induction
coil magnetometer located at Tromso, Norway (GGO N
geomagnetic). On this occasion, a series of transient
regions of radar backscatter exhibiting large spectral
widths are accompanied by increases in spectral power
of ULF waves in the Pcl-2 frequency band. These ob-
servations would then, seem to support the possibility
that high frequency magnetospheric wave activity at
least contribute to the observed spectral characteristics
and that such wave activity might play a significant role
in the cusp and polar cap ionospheres.
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The O+ content in the magnetospheric plasma sheet
varies highly with magnetic activity. Because of the
mass difference between H+ and O+, the plasma pa-
rameters that determine the behavior of the plasma in
the magnetosphere, will also be highly variable. This
O+ can only come from the earth’s ionosphere. In order
for the O+ to reach the magnetosphere from the iono-
sphere it must undergo heating in 2 different regimes:

Fos.

first bulk upwelling in the ionosphere, then filamentary
heating at altitudes close to the auroral acceleration re-
gion. While H+ ions are light enough to easily boil off,
O+ ions reside lower in the ionosphere and need to over
come gravity and make it through the charge exchange
region located at 800 Km. This study uses incoher-
ent scatter radar and multivariate statistical analysis
to look at the first step; the bulk upwelling in the iono-
sphere. It uses field-aligned data from 3 radar facilities
to look at the 400-800 km altitude region, and multi-
variate analysis to determine the ionospheric parame-
ters most associated with variation in upward ion flux.
There are a whole zoo of mechanisms that could be re-
sponsible for the upwelling ions, each with their own
effects on the ionospheric parameters. By determining
which parameters are associated with upward ion flux,
we can narrow down which mechanisms are dominant
in each region. This is an important step in under-
standing both the mechanics of the ionosphere, and the
ionospheric input into the magnetosphere.
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Most dayside,
convection vortices

high-latitude ionospheric traveling
(TCVs), as observed in ground
based magnetometer measurements, are accompanied
by variations in the magnetic field strength at geosyn-
chronous orbit. Similar compressional signatures in
Equatorial ground-based magnetic observations have
also been reported for many cases. A comprehen-
sive understanding of these signatures and their rela-
tion to the TCV events, however, is still lacking. We
present here the results of a systematic analysis of these
relationships. The geosynchronous and low-latitude
ground-based magnetic signatures for more than 40
TCV events identified in the Greenland and MACCS
magnetometer data during 1998 have been analyzed.
The results are compared to theoretical predictions for
the relationships based on field aligned current genera-
tion by propagating localized compressions at the mag-
netopause. Further, the upstream solar wind conditions
for the events are analyzed and interpreted in terms of
predictions for occurrence, propagation direction and
speed of magnetopause oscillations.
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‘We use the UCLA MHD Geospace General Circula-
tion Model (GGCM) to simulate Sudden Impulses (SI)
observed by the Magnetic Field Experiment (MFE) on-
board Polar. SI's are observable on the surface of the
Earth as abrupt changes in the magnetic field magni-
tude caused by thin solar wind discontinuities across
which the solar wind dynamic pressure abruptly and
significantly increases. They compress the magneto-
sphere as they move past the Earth. The empirical T89
and T96 models developed by N. Tsyganenko can be
used to predict the steady state changes in field mag-
nitude but an MHD model can also resolve the tempo-
ral evolution of the SI signal. Since the rise time of
an SI is used to determine the distance a shock travels
along the length of the magnetosphere the MHD model
is more useful for predicting such an occurrence. By
varying the speed of a shock, and other solar wind pa-
rameters, we investigate the respective effect that vari-
ous parameters have on the rise time and magnitude of
an SI.
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‘We investigate numerically simulated disturbances
of plasma convection in the magnetosphere-ionosphere
system during a geomagnetic sudden commencement
(SC) interval. The disturbance is excited by the solar
wind density impulse impinging on the dayside mag-
netopause. Before the impulse arrives at the magne-
topause, the magnetospheric convection essentially ex-
hibits steady plasma shear motion that induces the
field-aligned current. It is also noted that the magne-
tospheric current is the diamagnetic current that flows
along the equi-contour lines of pressures. Divergence
and convergence of the magnetospheric current is asso-
ciated with the field-aligned current. It is noteworthy
that the magnetospheric convection and current is con-
nected self-consistently with the ionospheric convection
and current through the field-aligned current in the sta-
tionary state. In the first stage of the SC, the compres-
sional plasma disturbance is dominant in the dayside
magnetosphere. On the other hand, the compressional
disturbance does not arrive at the ionosphere because
the ionospheric disturbance is essentially incompress-
ible. This compressional disturbance appears in the

first 3 - 4 min. of the SC interval. The ionospheric con-
vection pattern is not corresponding to the magneto-
spheric convection pattern in this stage. After the com-
pressional disturbance disappears, the magnetospheric
convection flow exhibits a shear-like pattern. The iono-
spheric convection becomes consistent with the mag-
netospheric convection in the second stage. However,
there appears a peculiar transient convection system in
the nightside magnetosphere. This convection, driven
by compression of the magnetospheric flank when the
solar wind impulse is passing the flank, is moving to
midnight magnetosphere. When the convection arrives
at the midnight, it disappears. In the final stage of
the SC when the transient convection disappears, a new
steady convection in the magnetosphere-ionosphere sys-
tem is established. This convection corresponds to the
new condition of the solar wind after the impulse.
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Low latitude magnetometer observations revealed
that the partial ring current started to develop within
several minutes after the onset of growth of the po-
lar cap potential (PCP), and decayed simultaneously
with the decrease in the PCP (Hashimoto, Kikuchi and
Ebihara., JGR 2002). The magnetometer observations
also indicated that the DP2 ionospheric currents were
driven by the convection electric field at mid latitudes
as well as at high latitudes. These observational facts
suggest that the ionospheric electric field plays a cru-
cial role in driving the convection in the inner magne-
tosphere. A probable model for the electric field trans-
mission should explain both the convection in the in-
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ner magnetosphere and the ionospheric currents at mid
latitudes. The instantaneous transmission of the iono-
spheric electric field and currents from the polar iono-
sphere to the equator was explained by Kikuchi and
Araki (JATP 1979) based on the TMO mode in the
Earth-ionosphere waveguide. In this paper, we attempt
to explain the transmission of the convection electric
field to the inner magnetosphere by applying the Barth-
ionosphere waveguide. However, two issues remained
unresolved in the paper by Kikuchi and Araki (1979).
One is the excitation of the TMO mode in the Earth-
ionosphere waveguide, and the other is the attenuation
under the nighttime ionospheric condition. To exam-
ine the excitation of the TMO mode, we couple the
Earth-ionosphere waveguide (transmission line) with a
magnetospheric transmission line composed of a pair of
field-aligned currents (e.g., R1 FACSs).
the electromagnetic energy carried from the magneto-

A fraction of

sphere is transmitted into the Earth-ionosphere waveg-
uide, although substantial energy is dissipated in the
polar ionosphere intervening between the two transmis-
sion lines. The transmitted electromagnetic energy ex-
cites the TMO mode in the Earth-ionosphere waveguide.
‘We then evaluate the attenuation of the TMO mode by
calculating upward flow of energy from the waveguide
into the conducting ionosphere and the magnetosphere.
It is shown that the attenuation of the TMO mode is
not significant even for the nighttime condition, when
compared to the geometrical attenuation due to the
Furthermore, it
is shown that the ionospheric electric field carried by
the TMO mode is transmitted by Alfven waves upward
into the inner magnetosphere along the magnetic field
lines, supplying energy for the convection in the inner
magnetosphere. It should be stressed that the iono-
sphere never creates electromagnetic energy but acts
as a transmission line for the convection electric field.

finite size of the polar electric field.

We conclude that the Barth-ionosphere waveguide con-
nected with the magnetospheric transmission line ex-
plains both the instantaneous propagation of the elec-
tric field and currents in the ionosphere and of the con-
vection electric field into the inner magnetosphere.
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