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This study shows the first energetic neutral atom
(ENA) observations of the extended plasma sheet,
taken with the Medium Energy Neutral Atom (MENA)
imager on the IMAGE spacecraft. We show that ENA
emissions can be routinely observed back to several
tens of Rp deep in the magnetotail when IMAGE is
in an appropriate orbital position. Enhanced emis-
sions (high plasma sheet densities) are associated with
high solar wind densities and with super dense plasma
sheet observations at geosynchronous orbit. We exam-
ine two magnetospheric storm intervals where plasma
sheet loading begins prior to the storms and continues
under all IMF By orientations, reaching its maximum
during the peaks of the storms. Subsequently, ENA
emissions are weak indicating that the plasma sheet is
depleted for several days following these storms. This
study indicates that routine ENA observations of the
plasma sheet content could become an important part
of space weather monitoring.
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In order to understand the evolution of the pro-
tons and magnetic field in the inner plasma sheet from
quiet to disturbed conditions, we incorporate a modi-
fied version of the Magnetospheric Specification Model
with a modified version of the Tsyganenko 96 magnetic
field model to simulate the protons and magnetic field
under an increasing convection electric field with two-
dimensional force balance maintained along the mid-
night meridian. The local-time dependent proton dif-
ferential fluxes assigned to the model boundary are
a mixture of hot plasma from the mantle and cooler
plasma from the low latitude boundary layer. We pre-
viously used this model to simulate the inner plasma
sheet under weak convection corresponding to a cross
polar-cap potential drop (A® pc) equal to 26 kV and
obtained two-dimensional quiet time equilibrium for
proton and magnetic field that agrees well with obser-
vations. We start our simulation for enhanced convec-
tion with this quiet time equilibrium and time inde-
pendent boundary particle sources and increase A® p
steadily from 26 kV to 146 kV in 5 hours.
tions are also run separately to steady states by keep-
ing A® p constant after it is increased to 98 and 146
kV. The magnitudes of proton pressure, number den-
sity, and temperature and their increase from quiet
to moderate activity (A®pco = 98 kV) are consistent
with most observations. Owur simulation at high ac-
tivity (A®po = 146 kV) underestimates the observed
pressure and temperature. This disagreement indicates
possible dependence of the boundary particle sources
on activity and possible effects of solar wind dynamic
pressure enhancements that have not yet been included
in our simulation. The simulated equatorial pressures

Simula-

and temperatures show stronger enhancement on the
dusk side than on the dawn side as convection is in-
creased, while density profiles show an increase on the
dawn side and a decrease on the dusk side. The sim-
ulated proton flow speed at the equatorial plane in-
creases with enhancing convection while the overall
flow direction does not change significantly, a result
of enhancement in both the earthward electric drift
and azimuthal diamagnetic drift. The equatorial mag-
netic field strength decreases more in the near-Earth

plasma sheet than at larger radial distances as A® po
increases, resulting in an increasing flat radial profile
The feedbacks from dia-
magnetic drift and magnetic fields to increasing convec-
tion are found to restrain the pressure increase. Based
on the good agreement between our results and observa-
tions at moderate activity, our magnetic field indicates
the plasma and magnetic field in the plasma sheet can
be in a state far from possible force balance inconsis-
tency during periods of moderately enhanced convec-
tion.

with enhancing convection.

A scale analysis of our results shows that the
frozen-in condition E = -vxB is not valid in the inner
plasma sheet for moderate activity.
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Auroral poleward boundary intensifications (PBIs)
have an auroral signature in ground meridional scan-
ning photometer (MSP) data that appears as an in-
crease in intensity at or near the magnetic separa-
trix. This increase is often seen to extend equatorward
through the ionospheric mapping of the plasma sheet.
PBIs are associated with plasma sheet flow bursts and
are thus important to plasma sheet dynamics. We pre-
viously found that equatorward extending PBIls are ei-
ther north-south (NS) aligned structures or east-west
(EW) arcs that mostly propagate equatorward. We fur-
ther investigate the plasma sheet dynamic structures
associated with these two types of PBIs by combining
data from the CANOPUS MSPs, auroral images from
the IMAGE spacecraft, and magnetic field and plasma
data from the Geotail spacecraft. We study a period on
January 3, 2001, when a series of PBIs were seen in the
MSP data for 2.5 hrs. From simultaneous IMAGE and
Geotail data we find that: (a) PBIs correlate well with
plasma sheet fast flows observed within the local time
sector of the PBIs. There can be several PBIs over the
longitudinal range of fast flows in the tail, (b) multi-
ple PBIs can occur over the whole width of the plasma
sheet or in a more restricted local sector (i.e. only pre-
midnight). When PBIs are seen only in a local sec-
tor fast flows are seen only in that local sector as well.
Where no PBIs are seen no fast flows are seen, (c) most
of the observed PBIs were EW arcs that initiated near
the poleward boundary and then propagated equator-
ward. They often tilted and became mostly NS struc-
tures as they propagated equatorward and duskward,
(d) there is a local time dependence on the type of PBI
structure. Most PBIs seem to be narrow structures and
primarily aligned with a line that goes through the 02
MLT and 17 MLT sectors. This results in PBIs that are
NS structures in the postmidnight sector and EW arcs
in the dusk sector. In the premidnight sector (22-00
MLT) PBIs start as EW arcs that then tilt and become
primarily NS structures. These results suggest that the
same plasma sheet dynamics produce EW and NS PBI
structures.
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‘We obtain distributions of precipitating electrons by
tracing drift shells of plasmasheet electrons in the limit
of strong pitch angle diffusion in Dungeys model mag-
netosphere, which consists of a dipolar magnetic field
plus a uniform southward field. Under strong pitch-
angle diffusion particles drift so as to conserve an adia-
batic invariant L equal to the enclosed phase-space vol-
ume (i.e., the cube of the particle momentum p times
the occupied flux-tube volume per unit magnetic flux).
Here we model the magnetospheric convection electric
field by mapping an analytical expansion of the AMIE
(Assimilative Model of Ionospheric Electrodynamics)
ionospheric potential (a function of latitude and mag-
netic local time) along magnetic field lines from iono-
spheric latitudes > 50° (L > 2.5) in Dungeys magnetic
field model. We trace the bounce-averaged drift mo-
tions of representative plasmasheet electrons with val-
ues of L corresponding to kinetic energies of 0.25 — 64
keV on a field line of equatorial radius » = 6 R, which
maps to 65° latitude in the ionosphere. Using the sim-
ulation results, we map stormtime phase space distri-
butions along particle drift shells, taking into account
loss due to precipitation. We consider 3 models of elec-
tron scattering: (1) the limit of strong scattering ev-
erywhere, (2) an MLT-dependent scattering that is less
than everywhere strong in the plasma sheet, and (3) an
electron flux-dependent scattering. Our flux-dependent
scattering model is based on the Kennel-Petschek con-
cept that wave growth occurs where there is sufficient
electron flux to cause it. From the phase space distri-
butions thus obtained, we calculate the precipitating
electron energy flux into the ionosphere. For this study
we focus on the main phase of the October 19, 1998,
storm. Magnitudes of the integrated electron energy
flux obtained from our simulations are consistent with
statistical averages of precipitating electron flux ob-
tained from NOAA data. For selected times of interest
we compare the simulated electron flux with Polar UVI
images. We also weight our simulated electron flux by
the Bremsstrahlung X-ray production curve to obtain
simulated X-ray fluxes for comparison with PIXIE im-
ages. Our simulations with the electron flux-dependent
scattering model indeed reproduce some of the features
that are observed in UVI and X-ray images.
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We have studied the mid-latitude ionospheric re-

sponse to a large geomagnetic storm that occurred on
11 April 2001. The storm main phase began at about
1600 UT, and by 1630 UT, two western U.S. ionoson-
des (Bear Lake, UT, and Boulder, CO; a separation of
700 km) began recording similar, periodic (~ 1 hr) os-
cillations in hyy, F2. Both stations were in the pre-noon
sector at the start of the event. The fluctuations lasted
the rest of the UT day, and the vertical displacements
were up to 100 km (virtual height). Significant IMF B
oscillations are evident in the WIND data during this
same period, but the IMF and hy, F2 time series ex-
hibit a phase difference that varies in time as the event
progresses. We attribute the rapid vertical F-layer mo-
tions to ExB drifts associated with zonal penetration
electric fields. To test this hypothesis, we derived the
zonal fields from the Boulder ionosonde data, and used
these fields to drive the Utah State Time-Dependent
Ionospheric Model (TDIM). The modeled hy,F2 val-
ues matched well with the Boulder observations. How-
ever, the modeled f,F2 oscillations are somewhat out-
of-phase with, and have smaller amplitudes than, the
Boulder data; the cause of this is still under study. We
have also examined DMSP data for this storm, which
revealed strong pre-noon vertical ion drifts and Birke-
land currents in an F15 pass at the start of the event,
as well as the signature of dusk meridional penetration
fields in the F13 SSJ/4 data throughout the storm. Fi-
nally, we consider whether our zonal penetration field
time series could be caused by the ionospheric closure
of the storm-time asymmetric ring current.
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Results from a numerical study of localized, in-
tense electromagnetic structures recently revealed from
DMSP observations in the nightside sub-auroral zone
are presented. It is shown that some of these structures
can be interpreted as Alfvén waves produced in a re-
sult of electromagnetic interaction between the equato-
rial magnetosphere and the nightside sub-auroral iono-
sphere. The main part of this interaction is the active
ionospheric response (feedback) on a large-scale electric
field generated in the equatorial magnetosphere and
penetrating down to the ionospheric E-layer when the
ionospheric Pedersen conductivity is low. In particular,
computations show that when the Pedersen conductiv-
ity is less then 1 mho small-scale irregularities in the
E-layer plasma density can generate Alfvén waves with
substantial amplitude. Initially, perpendicular electric
and magnetic fields in those waves are in phase and
corresponding Poynting vector is directed along the
ambient magnetic field from the ionosphere. As time
proceeds, the standing pattern of the resonant Alfvén
waves has been developing between the ionospheres and
7/2 phase shift between wave E | and B | appears. In
this time the Poynting vector can change several times
direction along the ambient magnetic field within one
structure. Both behaviors of Poynting vector were ob-
served within intense electromagnetic structures regis-
tered by DMSP satellites in the sub-auroral zone. In
this study the non-linear aspects of the ionosphere-
magnetosphere coupling leading to the formation of
small-scale intense electromagnetic structures are in-
vestigated depending on the parameters of the iono-
sphere and magnetospheric plasma along the entire sub-
auroral flux tube. Computations show good quantita-
tive agreement between numerical results and selected
satellite and Millstone Hill radar observations.

SM22A-0560 1330h POSTER

Wave Structures Within Sub-Auroral
Polarization Streams during the
November 6, 2001 magnetic storm

Evgeny V Mishinl (781 377-1309;
evgenii.mishin@hanscom.af.mil)

William J Burke? (william.burke@hanscom.af.mil)
Cheryl Y Huang! (cheryl.huang@hanscom.af.mil)
Frederick J Rich? (frederick.rich@hanscom.af.mil)

Anatoly V Streltsov3 (streltsov@dartmouth.edu)

1Boston College Institute for Scientific Research, 402
St. Clements Hall, Chestnut Hill,, MA 02467,
United States

2 Air Force Research Laboratory, AFRL/VSBP, 29
Randolph Road, Hanscom AFB, MA 01731, United
States

3Thayer School of Engineering, Dartmouth College,
Hanover, NH 03755, United States

Intense wave structures observed by the DMSP F15
satellite at mid-latitudes during the magnetic storm
on November 6, 2001 are reported. These structures
are found inside the so-called Sub-Auroral Polariza-
tion Streams, i.e., a strongly-enhanced, localized west-
ward convection flow inside the density trough. Elec-
tric (magnetic) field variations in the wave structures
amount to 70 mV/m (20 nT). Relative plasma density
variations reach up to 20%. Precipitations of energetic
(30 keV) protons accompany particularly strong struc-
tures.

A detailed exposition of measurements acquired
during one of the SAPS crossing illustrates the quasi-
dc circuit and embedded small-scale plasma and fields
irregularities. Owur analysis demonstrates that the ir-
regularities often have nearly monochromatic frequency
spectra. Both quasi-electrostatic and electromagnetic
wave structures can coexist in close physics proxim-
ity. At times the Poynting flux carried by the electro-
magnetic waves was directed away from the ionosphere.
Possible wave-generation mechanisms and their roles
in ring current-plasmasphere-ionosphere interaction are
discussed. We suggest that some of these structures are
due to Alfvén waves produced in a positive feedback in-
teraction between the nightside sub-auroral ionosphere
and the equatorial magnetosphere in agreement with
the numerical modeling results.

SM22A-0561 1330h POSTER

Investigation of Electron Density Profile
in the Lowest Ionosphere by SRP-4
rocket experiment

Keigo Ishisakal (81-766-56-7500;
ishisaka@pu-toyama.ac.jp); Toshimi Okadal
(okada@pu-toyama.ac.jp); Joseph G Hawkins?
(ffijgh@uaf.edu); Satoshi Murakamil
(murakami@rdw.pu-toyama.ac.jp); Taketoshi
Miyakel (miyake@pu-toyama.ac.jp); Isamu
Nagano® (nagano@totoro.ec.t.kanazawa-u.ac.jp);

Hiroshi Matsumoto?

(matsumot@kurasc.kyoto-u.ac.jp)

1Toyama Prefectural University, 5180 Kurokawa, Ko-

sugi, Toyama 939-0398, Japan

2University of Alaska Fairbanks, PO Box 755919,
Fairbanks, AK 99775-5919, United States

3Kanazawa  University, 2-40-20
Kanazawa, Ishikawa 920-8667, Japan

Kodatsuno,

4RASC, Kyoto University, Gokasho, Uji, Kyoto 611-
0011, Japan

The radio wave propagation characteristic in the
lower ionosphere is important because of its effect
on commercial radio communication, navigation, and
broadcast services. The electron density is of primary
interest in this region because the high ion-neutral col-
lision frequencies result in radio wave absorption. Pre-
vious studies have examined the electron density profile
and structure of the ionosphere using the rocket and
satellite measurements. The standard International
Reference Ionosphere (IRI) model gives the estimated
electron density profile based on the measurements, but
no sufficient measurements have been accumulated be-
low 65 km to estimate the model ionosphere to lower
altitudes.

In order to investigate the ionization structure in
the altitude below 90 km by means of MF-band signals
propagation, the Alaska rocket SRP-4 experiments has
been carried out. The rocket was launched at 12:08
LT on March 18, 2002 at Poker Flat Research Range.
The apex of rocket trajectory was about 89 km. We
observed three different signals, CHENA (257 kHz),
KFAR (660 kHz) and KCBF (820 kHz), transmitted
from navigation and broadcast stations near Fairbanks,
Alaska. Three signals were successfully observed from
an altitude 0 km - 89 km during the ascent flight. The
intensity of 257 kHz signal decreases steeply at an alti-
tude higher than 65 km and reflects perfectly at about
75 km. The altitudes of perfect reflection of 660 kHz
and 820 kHz signals are about 79 km and about 81 km,
respectively. The approximate electron density pro-
file can be determined from the comparison between
these experimental results and propagation character-
istics calculated by the full wave method. We will get
the most probable electron density profile in the lowest
ionosphere below 65 km.
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Ion conics have frequently been observed by FAST
on the auroral polar cap boundary, which we have de-
fined as where the ion energy flux sharply drops off.
These polar cap boundary (PCB) ion conics are par-
ticularly prevalent in the nightside sector near mid-
night. Of medium energies (100 eV to 1 keV), these ion
conics are characterized by intense number fluxes and
often constitute the majority of the outflow from the
nightside auroral oval. An earlier study has reported
that the PCB ion outflow consisted predominantly of
H+ and He+, while a separate study presented data
that showed PCB ion conics that consisted primarily
of oxygen ions. Possible explanations for the compo-
sition change include solar cycle variation or seasonal
variation. We will explore through a systematic con-
sideration of FAST orbits from 1997 through 2000 the
change in composition of PCB ion conics. Since neither
the solar cycle nor the seasons alone seem to explain
the variation in ion composition of the PCB ion conics,
we will consider alternative possibilities such as con-
vection, IMF dependence, or auroral activity level and
history.
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Observations by the PIXIE and UVI cameras on the
POLAR satellite give information about the global dis-
tribution of energetic electron precipitation. We have
studied the development of the electron precipitation
observed in connection with the sudden commencement
of the geomagnetic storm occurring on September 24-
25, 1998. The SSC, which occurred in the late recovery
phase of a complex substorm period, caused transient
(~4 min) precipitation of energetic electrons (>5 keV)
in the morning - pre noon magnetic local time sector.
The precipitation shows azimuthal spectral differences.
We suggest that this precipitation is caused by wave
particle interaction. Simultaneously, the LANL geosyn-
chronous spacecraft see a rapid increase in the electron
fluxes in the morning sector associated with the SSC.
In the precipitation of less energetic electrons, a pro-
longed enhancement is occurring in the afternoon MLT
sector. This precipitation may be associated with field
aligned currents set up in the afternoon sector in con-
nection with the SSC.
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Direct penetration of electric fields from high to low
latitudes is controlled by number of parameters, such as
disturbances at high latitudes, background and distur-
bance winds etc. The present investigation attempts
to study the sensitivity of the electric field penetra-
tion to the polar cap potential and the wind system,
using simulations by Magnetosphere-Thermosphere-
Ionosphere-Electrodynamic general circulation model
(MTIEGCM). The magnetic field perturbations on the
ground stations estimated by MTIEGCM are compared
with the actual observations.
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We present a study of ionospheric convection pat-

terns observed by the Super Dual Auroral Radar Net-
work (SuperDARN) during two recent steady magne-
tospheric convection (SMC) events. Our analyses fou-
cus on the region near the Harang discontinuity (HD)
and show, in contrast to prevous SMC studies, that the
HD is not an uncommon feature during SMC events.
Although often observed during these events, the HD
appears less extended than during a typical substorm
growth phase and often forms at relatively high geo-
magnetic latitudes.
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The coupling between the ionosphere, the plasma-
sphere and the outer magneto- sphere is not yet well
understood. Erosion and recovery of the plasmasphere
are important issues that are inherently related to the
global dynamics and structure of the ionosphere and
magnetosphere. At the plasmapause, the density de-
creases a few orders of magnitude over a relatively short
distance and the plasma drift is switched from corota-
tion into convection. Sometimes these changes occur
very suddenly, sometimes slowly, and under some con-
ditions, the transitions are quite oscillatory. This ap-
pears very clearly in the measurements from the Po-
lar satellite that has encountered the plasmapause re-
gions over 10,000 times. Now, the multi-point Clus-
ter observations allows us to investigate the meso-scale
(100-1000 km) structures in more detail so that spa-
tial and temporal features can be separated from the
data. We utilize measurements from the electric field
experiment that measures both the plasma drift and
total plasma density along the satellites’ trajectories
across the plasmapause. We present different kind of
events, such as plasmapause density structures with
various spatial and temporal scales, significant radial
plasma drifts on both sides of the plasmapause, plasm-
pause modulation by wave activity (2-minute surface
waves) causing plenty of plasmapause crossings (while
the satellites are skimming the boundary), radial oscil-
lation of the plasmapause (”breathing”) etc.
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A new high performance Rice Convection Model
(RCM) has been coupled to the adaptive-grid Michi-
gan MHD model (BATSRUS). This fully coupled code
allows us to self-consistently simulate the physics in the
inner and middle magnetosphere. A study will be pre-
sented of the basic characteristics of the inner and mid-
dle magnetosphere in the context of a single coupled-
code run for idealized storm inputs. The analysis will
include region-2 currents, shielding of the inner mag-
netosphere, partial ring currents, pressure distribution,
magnetic field inflation, and distribution of pVgamma.
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Analysis of the global proton distributions derived
from the IMAGE/HENA energetic neutral atom (ENA)
images, implies strong electric fields in the inner mag-
netosphere. The proton distribution typically shows
that the storm main phase ring current is partial and
very little is symmetric. The morphology of the partial
ring current changes very little in the 10-200 keV range,
which implies that the dominating transport mecha-
nism has to be via EX B drift. These conclusions agree
with kinetic ring current models that self consistently
calculates the magnetospheric electric field by taking
into account the closure of the ring current through the
ionosphere. The conclusions are also consistent with
observations by the CRRES satellite [Wygant et al., J.
Geophys. Res., p. 29527, 1998] and radar observations by
the Millstone Hill Radar [Foster et al., JGR in press].
‘While there is a clear general agreement between the
build-up of the partial ring current and the electric
fields of the inner magnetosphere, it is still not yet un-
derstood what role the ring current plays in the dynam-
ics of the electric field of the inner magnetosphere. The
shielding of the solar wind electric field from the inner
magnetosphere is established by the closue of the region
2 current system which can be disrupted by substorms,
magnetospheric compression etc.. A good indicator of
the dynamics of the electric fields is the motion of the
plasmapause. Global images of the plasmasphere from
the IMAGE/EUV camera have revealed erosion (an ap-
parent “shrinking”) of the plasmasphere about 30 min
after the solar wind electric field enhances across the
magnetosphere (during a southard turning of the IMF
B.) [Goldstein et al., Geophys. Res. Letters in press]. We
will present and discuss different datasets to shed light
on the role of the ring current in the dynamics of the
electric fields of the inner magnetosphere.
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The Magnetospheric and Ionospheric
Configuration During the 1859
Carrington Event Super-Storm
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Using the University of Michigan MHD code, we
have simulated the magnetospheric and ionospheric
configuration during the 1859 Carrington event. This
event is thought to have a solar wind speed of 2500
km/s and an IMF B, of -250 nT. We show results for
a number of different solar wind densities (from super-
Alfvenic to a sub-Alfvenic flow). The magnetopause is
significantly inside of geosynchronous orbit, while the
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bow shock is close to it, depending upon the Alfvenic
mach number. Three dimension maps of the magneto-
spheric configuration are shown. The ionospheric po-
tential, Joule heating, and auroral precipitation pat-
terns are shown. The dependence of these quantites on
the solar wind density is examined.
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Modeling the Inner Magnetosphere and
its Effects on the Global Current
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Mostafa Bl-Alaouil (310-206-4175;
mostafa@igpp.ucla.edu)

Maha Ashour-Abdallal
Robert L. Richard!

Ferdinand V. Coroniti?

Linstitute of Geophysics and Planetary Physics, Uni-
versity of California at Los Angeles, 405 Hilgard Av-
enue, Los Angeles, CA 90095-1567, United States

2Department of Physics and Astronomy, University of
California, Los Angeles, 405 Hilgard Avenue, Los
Angeles, CA 90095, United States

The interaction of the solar wind with the Earths
geomagnetic field leads to a complex current system
within the magnetosphere. Understanding this current
system requires a global treatment of the solar wind-
magnetosphere-ionosphere system. Global magnetohy-
drodynamic (MHD) simulations provide a reasonable
description of the large-scale structure of the Earths
magnetosphere as it responds to changes in the inter-
planetary magnetic field (IMF) direction. Modeling the
inner magnetosphere however, is limited by the lack of
a proper representation of ring current formation. This
is particularly important for modeling magnetic storms.
In this talk, we will discuss the consequences of includ-
ing some of the physical effects of the ring current to
the MHD solutions. The approach will be to modify the
pressure distribution in the inner magnetosphere. Com-
parison of results with and without these modifications
will be made. The changes to the inner magnetosphere
can have an impact on the entire magnetospheric con-
figuration.
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Highly dynamic inner magnetospheric electric fields
are associated with pressure gradients near the inner
edge of the plasma sheet and with the closure of field-
aligned region-2 (Birkeland) currents through the au-
roral and subauroral ionosphere. During geomagnetic
storms, the inner edge of the ion plasma sheet, which
carries the bulk of the plasma-sheet pressure, is brought
closer to the Earth in the dusk-midnight local time
sector than the electron population whose precipita-
tion into the ionosphere provides most of the enhanced
conductance in the auroral ionosphere. The result is
a SubAuroral Polarization Stream (SAPS), a band of
fast westward convection located equatorward of the
diffuse aurora. This picture of the SAPS phenomenon
has been consistently predicted by the Rice Convec-
tion Model (RCM), a numerical model of the coupled
ionosphere-magnetosphere system. In this paper, we
present results of self-consistent RCM simulations of in-
ner magnetospheric electric fields, for several geomag-
netic storms, to show that: (1) The dynamics of a SAPS
is controlled by the strength of the overall plasma sheet
convection. (2) While field-aligned currents associated
with pressure gradients in the asymmetric ring current
play an integral role in the dynamics of the inner mag-
netosphere during storms, self-consistent calculations
show that the ring current itself responds quickly to
changes in the overall strength of magnetospheric con-
vection. (3) The RCM-based picture is consistent with
images obtained from the HENA instrument on board
the IMAGE spacecraft. In particular, both the RCM
and the HENA images indicate formation of the asym-
metric ring current in the main phase; however, the
ring current pressure quickly becomes nearly symmet-
ric (in local time) if the convection strength suddenly
decreases.

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract ###H#H#-##, 2002.
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Ring Current Modeling Using AMIE
Potentials
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We simulate the dynamical evolution of the ring
current during several geomagnetic storms and com-
pare the results inferred from Volland-Stern type and
AMIE convection electric field models. A penetration
electric field is added to the AMIE model [Boonsiriseth
et al., 2001] to improve the agreement with measure-
ments from the electric field instrument on Polar space-
craft. The ionospheric electric potentials are mapped
to the equatorial plane using the Tsyganenko 1996 mag-
netic field model and the resulting equatorial poten-
tial models are coupled with our ring current model.
While both Volland-Stern and AMIE models predict
the largest electric potentials during the main phase
of the storm, detailed comparison indicates that AMIE
model predicts stronger and localized electric field pen-
etrating to lower L shells near dusk. Ring current en-
ergy density calculations indicate a very asymmetric
distribution during the main and early recovery phases.
Ring current injection is larger, penetrating to lower L
shells, and the Dst index better reproduced in AMIE
than in Volland-Stern model. EMIC waves are predomi-
nantly excited near Dst minimum and have larger wave
gain and cause stronger ion precipitation when AMIE
model is used. The ion precipitation patterns predicted
by our model exhibit features consistent with storm-
time POLAR/IPS observations. However, in the dusk
to midnight sector there seems to be a need to include
the effect of current sheet scattering at L>5 during
highly active conditions.

Boonsiriseth et al., J. Geophys. Res., 106, 12903, 2001.
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A self-consistent ring current (RC) model has been
developed that couples electron and ion magnetospheric
dynamics with the calculation of the electric field. Two
new features were taken into account in order to close
the self-consistent magnetosphere-ionosphere coupling
loop. First, in addition to the RC ions, we have solved
an electron kinetic equation in our model. Second, us-
ing the relation of Galand and Richmond [2001], we
have calculated the height integrated ionospheric con-
ductances as a function of the precipitated high energy
magnetospheric electrons and ions that are produced by
our model. To validate the results of our model we sim-
ulate the magnetic storm of May 2, 1986, a storm that
has been comprehensively studied by Fok et al. [2001],
and have compared our results with different theoreti-
cal approaches. The self-consistent inclusion of the hot
electrons and their effect on the conductance results in
deeper penetration of the magnetospheric electric field.
In addition, a slight westward rotation of the potential
pattern (compared to previous self-consistent results)
is evident in the inner magnetosphere. These effects
change the hot plasma distribution, especially by allow-
ing increased access of plasma sheet ions and electrons
to low L shells.

Cite abstracts as:
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Observation of Enhanced
Magnetospheric Convection Using
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Energetic Neutral Atoms.
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Observations of electric field induced magneto-
spheric convection to a large extent have relied on mea-
surements in the low-altitude ionosphere, at the foot-
points of magnetospheric field lines. Relating those
ionospheric measurements back to the magnetosphere
is of course subject to all the know problems with
mapping along magnetic field lines. Another candi-
date to measuring magnetospheric convection at least
during times of enhanced convection electric fields are
medium energy (1.0 - 3.0 keV) ions traced by their
energetic neutral atom (ENA) signature observed by
the MENA instrument onboard IMAGE. In this en-
ergy range, and under the absence of any enhanced
electric fields, those ions drift very slowly through the
inner magnetosphere, requiring tens of hours to pass
from geosynchronous orbit on the nightside to geosyn-
chronous orbit on the dayside. During a single IM-
AGE orbit (13 hours orbital period) these particles
will appear stationary when observed by the MENA in-
strument. However, in cases of enhanced convection,
these ion populations and their associated ENA emis-
sions will visibly move on timescales of an hour, pro-
viding a measure of the convection electric field. We
present observations of such events, measuring the drift
of medium energy ENA populations through the in-
ner magnetosphere and estimating the electric fields re-
sponsible for those drifts. This technique allows us to
observe the global transport of actual magnetospheric
material, rather than inferring that motion from the
mapping of low-altitude measurements. We compare
our measurements to simulation results of the presented
time periods. At this point the ENA measurements re-
main somewhat crude due to remaining uncertainties in
the exact source location of the observed ENA’s. Even-
tually, however, we will compare these measurements to
measurements taken in the ionosphere below.
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In this study, we will present energetic neutral atom
(ENA) images from the Medium Energy Neutral Atom
(MENA) imager on the Imager for Magnetopause-to-
Aurora Global Exploration (IMAGE) observatory as a
function of DST. The MENA instrument detects ENAs
with 1-60 keV per nucleon. To obtain sufficient counts
during quiet times, i.e., small values of DST, we have
developed a code that combines into a single composite
image, MENA images from different times in a single
IMAGE orbit and MENA images from different orienta-
tions of the IMAGE orbital plane relative to the Earth-
Sun direction. We find that with these techniques, com-
posite images of the quiet time magnetosphere can be
constructed from approximately 1000 individual MENA
images. To improve MENA image sharpness, we have
also developed an algorithm that removes the effects
of neutral scattering in the MENA instrument. Using
these sharpened composite images, the evolution of the
inner ring current and plasmasheet structure as a func-
tion of DST magnitude will be presented. As shown
in previous work [Scime et al. GRL 2002], it is possi-
ble to construct images of the plasma ion temperature
from the images obtained at different ENA energies.
Therefore, the evolution of the ion temperature in the
inner magnetosphere as a function of DST will also be
presented.
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of Ring Current Behavior
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During geomagnetic storms a well defined belt of
trapped protons and ENAs (energetic neutral atoms) is
observed around geomagnetic equator at low L-values.
Their source is RC (ring current) protons existing at
larger L-values. Through charge exchange with the geo-
corona RC protons become ENAs and if subjected to a
new charge exchange become trapped protons. From
low latitude particle observations at four different lo-
cal times we follow; the RC injection region, the drift
of RC-particles through the evening/afternoon into the
morning sector, the RC-asymmetry and convection loss
to the dayside during the storm initial and main phase,
and its development into a symmetric RC in the recov-
ery phase of the storm. The low L-value ion/ENA belt
is thus a monitor of the RC.
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Clusters highly eccentric polar orbit at 4 Re perigee
permits sampling of the ring current, the radiation
belts and the plasmasphere. The CIS (Cluster Ion
Spectrometry) experiment onboard Cluster is capable
of obtaining full three-dimensional ion distributions
(from about 5eV/q to 40 keV/q) with one spacecraft
spin time resolution (4 sec) and with mass-per-charge
composition determination. The ion distribution func-
tions obtained in situ by CIS during numerous perigee
passes reveal new and very interesting structures on the
ion spectrograms: the presence of narrow and stable en-
ergy bands. These bands are observed for all the major
ion species. The pitch-angle distributions, which are
highly structured and energy dependent, confirm the
presence of distinct populations. Furthermore, the four
point measurements of the magnetic field, obtained by
the FGM experiment, allow to calculate the ring cur-
rent density profile along the spacecraft orbit, using the
curlometer technique. This is the first time that in situ
multi-measurements of the ring current are made (ions
and magnetic field), and this permits to study its lati-
tudinal profile. Our statistical analysis, including vari-
ous magnetospheric conditions and Cluster trajectories
(with a wide range in local time and positioning with
respect to the plasmapause), shows the dependence of
these ion energy bands on the magnetospheric activ-
ity. The combination of high time and energy resolu-
tion, good mass per charge discrimination, and favor-
able orbits has enabled Cluster to discern inner magne-
tospheric populations that have not been well-studied
and characterized in previous observations.

Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract ####H#-#F, 2002.
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We will examine compositional changes in the near-
Earth neutral H and O emissions detected with the Low
& High Energy Neutral Atom imagers (LENA & HENA)
aboard the Imager for Magnetosphere-to-Aurora Global
Exploration (IMAGE) satellite during magnetic storm
periods in 2001. In comparison with in situ ion compo-
sition measurements from the CLUSTER Ion Spectrom-
etry (CIS) experiment on three of the CLUSTER space-
craft, remote neutral atom measurements from IMAGE
will be used to probe the global behavior of upflowing
and ring current ions, whose interaction with the neu-
tral H geocorona produces energetic neutral atoms. By
analyzing temporal and spatial variations in the com-
position of neutral atoms measured with LENA that
are associated with upflowing ions, ring current ions
deduced from HENA data, and direct ion observations
from CIS, and by making comparisons between indi-
vidual storm periods, we will investigate the possible
transport of upflowing ionospheric ions to the ring cur-
rent region.
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We examine the stormtime injection of electrons to
the stormtime ring current by simulating the drift and
loss of electrons from the plasma sheet to the inner
magnetosphere. We use a similar method and mag-
netic and electric field model that Chen et al. [JGR,
99, 5745-5759, 1994] used previously to account for the
stormtime injection of ring current ions to determine
the extent to which that model can also account for ob-
served stormtime electron injections. The model traces
the guiding-center motion of representative particles,
having selected first adiabatic invariants p. The mag-
netic field model is a dipole field plus constant south-
ward IMF, and we impose corotation and a 25-kV quies-
cent Stern-Volland cross polar cap potential. We sim-
ulate two real storms (August 27, 1990, and October
10, 1990) by applying additional storm-associated en-
hancements in the convection electric field that are
less well shielded than the Stern-Volland field. The
enhancements in the cross-polar cap potential are ob-
tained by linearly interpolating DMSP measurements of
the cross polar cap potential minus an assumed 25-kV
quiescent potential. We perform simulations for rep-
resentative equatorially-mirroring electrons for p =
MeV /G to 200 MeV/G. Using the simulation results,
we map stormtime phase space distributions by invok-
ing Liouvilles Theorem modified by losses. We consider
electron loss due to precipitation via a model in which
there is strong diffusion far in the plasma sheet (L >
~8) and weak diffusion within the plasmasphere. The
loss rates in the region L ~8 to the plasmapause bound-
ary are based on diffusion rates calculated by Lyons
[JGR, 79, 575-580, 1974]. We apply a boundary spec-
trum at geosynchronous orbit that is based on aver-
aging 12 years of geosynchronous LANL/MPA electron
data and is parameterized by Kp and binned in 0.5 hr

MLT increments. The initial quiescent electron distri-
bution for trapped electrons is taken from the steady-
state balance between radial diffusion and weak-pitch-
angle-scattering losses. From the simulation results, we
find significant stormtime enhancements of ring current
electrons at equatorial radial distance r = 2.6 to 6.6 R
for energies from tens of keV up to 180 keV. We com-
pare features of our stormtime electron flux distribu-
tion with CRRES/LEPA and CRRES/MEA data. We
find good agreement between simulated and observed
electron flux profiles at low energies (< 20 keV). Mea-
surements are not available from ~20 keV to 150 keV.
However, our model does not reproduce stormtime en-
hancements of electron flux at high energies (> 150
keV) at L ~3 to 4, suggesting that a local energization
may be responsible for these enhancements.
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We present results describing the solar wind driv-
ing of the ring current. Results have shown that much
of the behavior of the ring current is related to condi-
tions in the solar wind, and in particular, shows rea-
sonable agreement with the epsilon parameter. Recent
results suggest that during times of more intense driv-
ing by the solar wind, the kinetic energy flux from the
solar wind may have a stonger effect than previously
believed. Other work shows a relationship between the
type of solar wind driver and the energy deposited in
the auroral ionosphere. In this study we examine sev-
eral storms of various intensities to determine the re-
sponse of the stormtime ring current to different driv-
ing conditions and different coupling mechanisms from
the solar wind.
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Measurement of 20 keV ions pitch-angle distribu-
tions in the ring current during the magnetic storms
of January 10,1997 and, May 15, 1997 show evidence
of injection, pitch angle scattering and, precipitation.
The observations were made with the IPS detectors of
CEPPAD on the Polar spacecraft while intercepting the
radiation belts at L-shells between 3 and 7 Earth radii,
and at magnetic latitudes which span +/- 55 degrees.
The magnetic local times (MLT) coverage of the Jan 10,
1997 measurements were confined to dawn and dusk.
For the May15 storm the coverage was near noon and
midnight. The progression of both storms was observed
from onset through the main phase and early and late
recovery phases. The main phase and early recovery of
both storms exhibited elevated flux levels - indicating
particle injection into the ring current over all L-shells.
Very isotropic pitch-angle distributions were observed
on the night side and at dusk local times, and over L-
shells greater than 4, throughout main phase and early
recovery - indicating strong pitch angle diffusion. In
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many cases these flat distributions extended over the
loss cone regions - signifying enhanced precipitation.
The observed enhanced precipitation, associated with
strong diffusion into the loss cones at dusk and /or
night local magnetic times, cannot be explained by re-
cent modeling efforts that incorporate wave particle in-
teraction scattering losses. Instead this precipitation
has the signature of current sheet scattering of ions as-
sociated with distortions of the near geomagnetic tail,
that cause a violation of the Measurement of 20 keV
ions pitch-angle distributions in the ring current dur-
ing the magnetic storms of January 10,1997 and, May
15, 1997 show evidence of injection, pitch angle scat-
tering and, precipitation. The observations were made
with the IPS detectors of CEPPAD on the Polar space-
craft while intercepting the radiation belts at L-shells
between 3 and 7 Earth radii, and at magnetic latitudes
which span 4 /- 55 degrees. The magnetic local times
(MLT) coverage of the Jan 10, 1997 measurements were
confined to dawn and dusk. For the Mayl5 storm the
coverage was near noon and midnight. The progression
of both storms was observed from onset through the
main phase and early and late recovery phases. The
main phase and early recovery of both storms exhibited
elevated flux levels - indicating particle injection into
the ring current over all L-shells. Very isotropic pitch-
angle distributions were observed on the night side and
at dusk local times, and over L-shells greater than 4,
throughout main phase and early recovery - indicat-
ing strong pitch angle diffusion. In many cases these
flat distributions extended over the loss cone regions
- signifying enhanced precipitation. The observed en-
hanced precipitation, associated with strong diffusion
into the loss cones at dusk and /or night local mag-
netic times, cannot be explained by recent modeling
efforts that incorporate wave particle interaction scat-
tering losses. Instead this precipitation has the signa-
ture of current sheet scattering of ions associated with
distortions of the near geomagnetic tail, that cause a
violation guiding center approximation
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To what degree does the semiannual variation of
geomagnetic activity result from external causes (e.g.,
heliographic latitude of the earth or tilt between helio-
graphic and geographic equators) versus internal causes
(e.g., north-south asymmetry of ionospheric conduc-
tances during solstices)? MHD simulation is well suited
to explore the degree of an internal cause since one can
vary conductances at will in the two hemisphere sepa-
rately to see the effect these variations have on indica-
tors of geomagnetic activity such as convection poten-
tial. This talk will give the MHD-simulation answer to
the question, "Does the convection potential, as mea-
sured in the ionosphere, increase or decrease during sol-
stice compared to equinox for the same solar wind con-
ditions (in the GSM coordinate system)?” Moreover,
it will compare storm-time activity against moderate
activity to show how interhemispheric comparisons of
ionospheric electrodynamic parameters can test theo-
ries of transpolar potential saturation.
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