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finish. The event occurred on November 24, 2001 dur-
ing a very disturbed storm interval. The giant undula-
tions began to develop at around 13UT and persisted
for approximately 2 hours. The sunward propagation
speed was on the order of 0.6 km/s. In addition to
the IMAGE/FUV observations (WIC, SI-12, and SI-13
passbands), numerous other datasets will be presented
including ground magnetometer data which show that
the undulations were associated with Pc5 type mag-
netic pulsations. Geosynchronous particle data and
other IMAGE datsets will also be presented. Possible
generation mechanisms for the giant undulations will
be discussed.
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The Imager for Magnetopause-to-Aurora Global Ex-

plorations (IMAGE) Far Ultraviolet Instrument (FUV)
images the auroral oval in doppler-shifted Lyman-
alpha. On the dayside, a bright spot poleward of the
auroral oval can be seen occasionally. This ionospheric
spot can be interpreted as the location of the cusp cre-
ated by intense proton precipitation through reconnec-
tion of magnetospheric lobe field lines for northward
interplanetary magnetic field (IMF) conditions. In or-
der to deduce the orientation of the IMF with regards
to the Earths magnetic field during such a reconnection
process, event conditions were selected between the end
of May 2000 to mid-December 2001 during which the
IMF was northward, steady, and had an higher than
average density and velocity. Of these 344 events, 56
showed a bright spot. The occurrence frequency of a
spot appears to be higher for small values of Bx/Bz.
For the 56 cases with a bright spot, the spot loca-
tion was compared with the predicted location of anti-
parallel regions using the 1996 Tsyganenko model. The
majority of the anti-parallel reconnection sites tailward
of the cusp when mapped to the ionosphere coincide
with the observed spot. For many of the cases, the
solar wind parameters were outside of the Tsyganenko
model. This may account for some of the discrepancy
between the model and observations. The agreement
between the model and observations for the majority
of the cases is consistent with the hypothesis that re-
connection occurs at anti-parallel regions for northward
IMF.
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We analyze two LLBL crossings made by Inter-
ball Tail satellite under southward magnetosheath mag-
netic field. Observed ion velocity distributions within
LLBL include: (a) D-shaped distributions, (b) ion ve-
locity distributions consisting of two counter-streaming
components of magnetosheath-type, and (c) distribu-
tions with three components one of which has nearly
zero parallel velocity and two counter-streaming com-
ponents. We interpret these distributions as a natural
consequence of the formation of spiral magnetic flux
tubes consisting of a mixture of alternating segments
originating from the magnetosheath and from magne-
tospheric plasma. The shapes of ion and electron ve-
locity distributions and their evolution with decreasing
number density in LLBL indicate that a significant part
of LLBL is located on magnetic field lines of long spi-
ral flux tube islands at the magnetopause, as has been
proposed and found to occur in magnetopause simula-
tions. Anomalous magnetosheath-like plasma flow with
Bz component opposite to magnetosheath one was ob-
served while IMF Bz remained negative. We consider
these observations as evidence for multiple reconnec-
tions between magnetosheath and magnetospheric flux
tubes.
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‘We have studied in detail multi-spacecraft observa-
tions of four Cluster exterior cusp passes during the
years 2001 and 2002. All of them occurred during
northward Interplanetary Magnetic Field (IMF) inter-
vals. A well-bounded region where the magnetic field
exhibits very low diamagnetic values and the ions dis-
play high levels of isotropisation is sampled. We refer
to this region as the Stagnant Exterior Cusp (SEC).
We show that the overall picture of the region is com-
patible with a reconnection site poleward of the cusp
for all four events. The global topology of the exte-
rior cusp and SEC can be inferred and reveals that the
solar-wind plasma at least partly gets access to the
magnetosphere through a sharp boundary delimiting
the SEC from the unperturbed magnetosheath. Multi
spacecraft data analysis further permits to highlight
that the whole region is highly dynamic. The SEC-
magnetosheath boundary presents abrupt changes in
the magnetic field and plasma parameters and is shown
to be rotational in nature. We will put particular em-
phasis on the exact characteristics and possible nature
of this key boundary of the magnetosphere.
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On June 5, 1998 a number of the Northern Hemi-
sphere SuperDARN HF radars recorded good backscat-
ter in the cusp region from ~14:00 to 16:00 UT, from
which maps of ionospheric convection and backscatter
widths have been derived. For comparison the time-
varying Lyon-Fedder Global MHD model of this event
has been simulated using IMP-8 and WIND spacecraft
measurements of solar wind input. The time interval of
interest is characterized by negative IMF Bz and nega-
tive IMF By following a positive IMF Bz interval. Good
correspondence is found between the MHD model and
the SuperDARN ionospheric convection patterns con-
firming that this is an excellent event for a detailed
comparison of model and observation. The parameters
to be compared include: ionospheric footprints of the
MHD cusp plasma versus the location of large Super-
DARN backscatter widths; MHD dayside open-closed
field line boundaries versus SuperDARN determined
open-closed boundaries and the convection flows rel-
ative to these boundaries; footprints of MHD merging
regions versus features in the SuperDARN convection
and backscatter widths. The overall purpose of these
comparisons is to understand the SuperDARN obser-
vations in the context of the 3D magnetosphere and
to investigate how SuperDARN can be used to identify
cusp and magnetic merging regions.
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Many aspects of the magnetospheric cusps, from
how it should be defined to how various altitude mea-
surements relate to each other, remain to be resolved.
The Cluster mission, with its unique multi-spacecraft
capabilities offer exciting new insights into the nature
and structure of the mid-altitude cusps. Previous stud-
ies have shown the low-altitude cusps to be consistent
with the Crooker antiparallel merging model. At high-
altitudes, observations reported by Savin using Inter-
ball and Prognoz data indicate large amplitude, low-
frequency waves in the Turbulent Boundary Layer just
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at and outside the magnetopause. Recent Cluster ob-
servations made at mid-altitudes ( 5 RE) will be pre-
sented which are consistent with the narrow, wedge-
shaped cusp of Crooker and contain persistent wave
signatures that are compatible with the previously re-
ported high-altitude measurements. Thus, the cusp sig-
natures observed at a wide range of altitudes begin to
present a coherent picture of the cusp as the focus of
open field lines from the entire magnetopause current
layer.

URL: http://cluster.space.swri.edu/ waynek/agu.html
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We propose a polar cap configuration model that oc-
curs for steady-sate northward interplanetary magnetic
field (IMF) with [By |~By. When the IMF reconnects
with the closed geomagnetic field, two types of open
geomagnetic field lines are created. For the first type,
the neutral point and the foot point are in the same
hemisphere; for the second type the neutral point and
the foot point are in opposite hemispheres. The latter
type of field lines are draped against the magnetopause
and subsequently slip through the magnetopause while
undergoing antisunward motion. This field line mo-
tion results in intrusion of open magnetic flux into the
flankside plasma sheet, and its ionospheric signature is
the bifurcation of the polar cap. For By >0 the intru-
sion occurs on the duskside (dawnside) in the north-
ern (southern) ionosphere, and conversely for By <O0.
The field lines which have slipped through the mag-
netopause into the plasma sheet then reconnect with
closed geomagnetic field lines to complete a steady-
state magnetic flux circulation.
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Discontinuous cusp ion signatures have tradition-
ally been explained in terms of time varying magnetic
reconnection at the magnetopause and associated con-
vection velocity field. Recently a number of studies
have suggested that under steady solar wind condi-
tions the discontinuous cusp can be explained as a spa-
tial rather than temporal structure. Since the driver
of the system, the turbulent solar wind, is itself scale
free with both spatial and temporal structure, it seems
more likely that the cusp is generally both spatially
and temporally structured. To this end, we examine
the system in the context of spatio-temporal structures
on a variety of scales. In this paper we present ev-
idence that ionospheric flows and currents associated
with the cusp and boundary layers exist over a wide
range of scales. Time series analysis of data from Su-
perDARN radar and ground based magnetometers show
no preferred temporal scale, while the relationship be-
tween the radar and magnetometer data is indicative
of a multi-scale spatial character. There is evidence
that the multi-scale character of these flows and cur-
rents varies with location. We investigate this varia-
tion further and discuss our findings in the context of
a multi-scale reconnection driver.
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Asymmetric magnetic reconnection with a nonzero
By component is studied using a three-dimensional
MHD simulation and the results are interpreted in
terms of the dayside reconnection at the magnetopause.
The By component is implemented by rotating the
magnetosheath field. It is seen that a magnetic bulge
is formed in the magnetosheath region but displaced in
the y-direction due to the tilted magnetic field line ge-
ometry of reconnection. The bulge moves away from
the reconnection region along the magnetopause with
a speed significantly slower than that of the symmet-
ric case. In fact, the reconnection rate is seen much
slower than the symmetric case. It is also seen that
the reconnection rate decreases as the angle of rotation
increases. The discontinuity associated with magnetic
reconnection geometry is identified as a slow shock with
Alfvén waves attached to it on the magnetospheric side,
while on the magnetosheath side an intermediate shock
is seen, which evolves into a slow shock and a rota-
tional discontinuity near the center of the bulge and
near the y-directional edges of the current disruption
region. A large By component is generated on the open
field lines, exceeding the initial sheath By near the cen-
ter of the bulge. The inflow mass flux into the recon-
nection region from the magnetosheath is seven times
larger than that from the magnetosphere in the present
study, while the outflow mass flux into the magneto-
sphere is five times larger than that into the magne-
tosheath, implying that a significant mass transfer oc-
curs from the magnetosheath into the magnetosphere.
The outflow plasmas move mostly along the magnetic
field lines in the downstream and transported toward
the polar region.
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The IMAGE mission provides a unique opportu-
nity to test the accuracy of current global models of
the solar wind interaction with the Earth’s magneto-
sphere. We report the results of comparisons between
the output of three-dimensional magnetohydrodynamic
(MHD) simulations and images from the Far Ultraviolet
Instrument (FUV) SI-12 instrument on board IMAGE
showing the occurrence of proton auroras during several
periods of relatively high solar wind dynamic pressure.
We find a very good agreement between intensifications
in the auroral emissions measured by FUV SI-12 and
the enhancement of plasma flows into the dayside iono-
sphere predicted by the global simulations. Examining
the IMAGE observations in the context of the dayside
magnetosphere’s topological changes inferred from the
simulations, we find that the global dynamics of the au-
roral proton precipitation patterns observed by IMAGE
are consistent with magnetic field reconnection occur-
ring as a continuous process while the IMF changes
direction and the solar wind dynamic pressure varies.
However, the global simulations also indicate that some
of the transient patterns observed by IMAGE are con-
sistent with some additional sporadic reconnection pro-
cesses. Global merging patterns found in the simula-
tions agree with the antiparallel merging model, though
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component merging might locally broaden the merg-
ing region, especially in the region where shocked solar
wind discontinuities first reach the magnetopause.
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The Cluster quartet crosses the cusp region at high
altitudes (8-12 Rp) in January-April and at mid al-
titudes (near 5-6 Rp) in August-October. At high
altitudes the satellites quite frequently enter/exit the
cusp through the exterior cusp whose characterisatics
are much less known than those of the proper cusp. The
cusp is detected as a region of enhanced low-frequency
wave activity, and the wave activity extends beyond the
magnetopause, into the exterior cusp region. The am-
plitude of the waves tends to increase with decreasing
altitude. The cusp also appears as a region of increased
plasma density. A typical density is several tens of elec-
trons in cm®, but it can also often exceed 100 em™3.
Interestingly, the high-latitude boundary layers adja-
cent to the cusp differ from the cusp region: the density
is significantly lower and the electric fields are usually
not turbulent although they are temporally variable.

In this study we will concentrate on multi-point
electric field observations by the Cluster electric field
instrument (EFW) which lets us study both plasma
drift patterns and electron density variations (from the
spacecraft potential data) within the cusp region. We
also utilize simultaneous ion (CIS), electron (PEACE),
and magnetic field (FGM) measurements that provide
us with valuable additional information about the con-
ditions of the cusp (ion injections, field-aligned cur-
rents etc). We investigate both dynamical and struc-
tural aspects as well as the level of turbulence within
the cusp region. We will put a particular emphasis on
the level of coherence/non-coherence in dc electric field
variation between the four points for different satellite
separations between 100 and 1000 km.
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The energy transfer from the solar wind to the Earth
magnetosphere, and the cause of magnetic storm have
been mysteries for decades. Axford proposed that the
reconnection of magnetic field at the dayside magne-
topause is one of the candidate to explain the huge en-
ergy transfer from the solar wind to the Earth magnetic
field. However, the mechanism of reconnection has not
been understood well in magnetospheric physics.

Using a 3D full electromagnetic full particle simu-
lation code, we have investigated the structural stabil-
ity of the Earth magnetosphere at the dayside magne-
topause with a time-varying southward IMF. The dis-
tance between the magnetopause and the Earth, Rymp
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was measured with varying southward IMF step by
step slowly. Suppose that the Earth magnetic field
motion evolves according to the time-dependent equa-
tion in the general form B; = G(B,A). Solutions of
G(B, \) = 0 represent steady magnetic fields we have
been considering. When the parameter X (IMF Bj)
is varied, one mean magnetic field may persist, but
become unstable to small perturbations as X\ crosses
a critical value. At such a transition point, a new
magnetic field may bifurcate with breaking symmetry,
which shows dissipative structures. The hysteresis in
the IMFB, — Rmp plot indicates that the energy
transfer system from the solar wind to the magneto-
sphere is dissipative, which is caused by the subcrit-
ical bifurcation. The differences of local and global
steady reconnections are discussed with 3D magnetic
field structures.
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On May 25, 1996 the Interball Tail spacecraft was
moving through the northern hemisphere of the high-
latitude magnetosphere on its outbound trajectory. It
successively crossed lobe field lines followed by the
high latitude magnetopause, then entering the magne-
tosheath proper near the cusp region covering magnetic
local time from 8h20m to 9h30m at magnetic latitudes
of about 770. IMF observed by WIND was northward
during the time interval of interest and favorable for
reconnection at high latitude magnetopause. The well-
defined De Hoffmann Teller frame and stress balance
indicate that the magnetopause was a rotational dis-
continuity with ongoing reconnection. After the mag-
netopause crossing, the spacecraft observed decelerated
magnetosheath flow in the sub-Alfvnic regime. A grad-
ually increasing of the flow velocity is observed and the
plasma flow regime changed from sub-Alfvnic through
Alfvnic to super-Alfvnic one. We explain these results
by direct passing of the Interball Tail through the sec-
ondary stagnation point, which has been predicted by
theoretical and semiempirical models of the high lati-
tude magnetopause.
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Pc 1-2 waves were first identified poleward of the
cusp in high-latitude ground magnetometer data by
Dyrud et al. [JGR 102, 27011, 1997]. We report here
on simultaneous field and particle observations from
the Polar satellite and from ground magnetometer data
that confirm the presence of these mantle waves and
characterize the ion distributions associated with them.
These mantle waves were found to occur during 45% of
the available passes of Polar across the cusp and man-
tle during the interval March-May 2000, during which
time the orbit of Polar was near local noon as it crossed
these latitudes. Poynting vector calculations using Po-
lar electric and magnetic field data show a mixture

Cite abstracts as:

of upward and downward energy flux in the cusp but
consistently downward flux when mantle waves are ob-
served. This is consistent with earlier observations that
ground-based magnetometers can detect such mantle
waves but not the more intense wave activity observed
by spacecraft in the mid- and low-altitude cusp. In-
situ particle observations from the Hydra instrument
appear to confirm the generation mechanism suggested
by Dyrud et al., that cusp particles mirroring at low al-
titudes and then traveling outward in the plasma man-
tle poleward of the cusp are the source of the free en-
ergy for these waves.
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Although the dominant source of Pc 3 magnetic pul-
sations in Earths magnetosphere is now understood to
be in the ion foreshock region upstream of Earths bow
shock, the paths by which these waves travel toward
Earth are still not well understood. In this study we
present observations of several Pc 3 events observed in
late 2001 both by the Cluster satellites and by arrays of
ground observatories. During the majority of the events
studied Cluster observed Pc 3 activity while passing
latitudinally through the dayside outer magnetosphere,
but in two cases Cluster observed waves at high alti-
tudes deep in the polar cap. IMF data were used to
confirm that conditions were favorable for the gener-
ation of upstream waves during most of these events:
the IMF was nearly radial (low cone angle), and the
IMF magnitude was consistent with the frequency of
the waves observed both at the satellites and on the
ground, based on the empirical relation f (in mHz) ~
6 |B| (in nT). Signals at the four Cluster satellites and
at various ground stations will be compared in order to
test competing transport models, including direct sub-
solar propagation via fast mode waves and indirect high
latitude propagation via the cusp/cleft regions.
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We consider particle scattering and transport
through thin boundary layers modeling the magne-
topause and the LLBL. Previous results using a thin
current sheet model indicated pitch angle scattering
while a modified tangential discontinuity field pro-
duced pitch angle filtering. Neither of these simple
models showed chaotic or stochastic transport. Sub-
sequent results with a Kelvin-Helmholtz field model
showed inhibition of transport by nonlinear trapping.
In this study we first show that Geotail magnetic field
observations, even when rapid fluctuations are averaged
out, rarely show fields consistent with a thin current
sheet or a modified tangential discontinuity, but can in
many cases resemble a hybrid of the two. We use this

fact to build a simple analytic field model of the bound-
ary layer and study the dynamics of charged particles
in this model. Results show that chaotic behavior does
occur and increases as the strength of the guide field
parallel to the discontinuity decreases to a level con-
sistent with observations, allowing nonlinear transport
across the layer as well as pitch angle scattering and
filtering and a source-asymmetry effect. Simulations of
the boundary layer effect on particle velicity distribu-
tions show that models of this type have the potential
to explain complex, multisource distributions.
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The rate of reconnection is determined by the mag-
netic shear as well as the inward plasma and magnetic
fluxes from magnetosheath and magnetospheric sides
of a reconnection site. While there are ample observa-
tions to charaterize the relatively hot magnetosheath or
boundary layer plasma, observations of cold geogenic
plasma that may contribute in an important way are
somewhat lacking. We analyze measurements from PO-
LAR and Wind to study the characteristics of cold iono-
spheric ions at the energy range of few hundred eVs or
less and their relationship with magnetic shear at the
subsolar magnetopause. Our preliminary results show
that sunward flow bursts of such ions at the magne-
tospheric side of the magnetopause are often observed
when the magnetic shear at the subsolar magnetopause
is larger. Event studies as well as statistical studies
will be presented.
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The dynamics, shape and structure of the magne-
topause can be unambiguously determined using the
four spacecraft data from Cluster. Multi-spacecraft
techniques can be applied which measure, for exam-
ple: the extent of the current layer; boundary orien-
tation, thickness and motion, and local deviation from
planarity. We investigate a number of magnetopause
crossings observed by Cluster in these terms and also
explore issues of identification, such as boundary cross-
ing times. The analysis shows that, although often pla-
nar on presently covered Cluster spatial scales (100-
3000 km), strong acceleration of the boundary is usu-
ally present and can affect the determination of bound-
ary thickness at each spacecraft. The detailed nature of
the magnetopause current layer, and of transient mag-
netic signatures such as FTEs, is also often directly
calculated. The local direction of the magnetopause
current, for example, consistantly compares well to ob-
served plasma density and flows. Good knowledge of
boundary orientation and motion can accurately scale
the plasma and field signatures across the boundary
layer. We use this scaling of the transition through the
magnetopause to the magnetosheath to compare with a
transition parameter, designed to identify each plasma
environment.
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We performed test particle simulation of ion mo-
tion in the turbulent magnetopause, modeling it as a
sheared magnetic field configuration with additional
stochastic static magnetic field fluctuations. Varying
the level of the fluctuations § B/ B, and the magnetic
field shear parameter by, , we calculated the number
of particles penetrating from the magnetosheath to the
magnetosphere side of the magnetopause (Np). We
found that Np grows rapidly with the growth of fluctu-
ation level in the linear regime, § B/Bg < 1, while for
highly nonlinear fluctuations 6B/Bg > 1 the growth
of Np slows down or even sometimes Np is reduced.
Np is larger for smaller by, but this dependence is not
so strong. Maximum number of penetrated particles
is about 15% of the total number of particles injected
from the magnetosheath.
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Cusp Energetic particles (CEPs) observed by the
Polar spacecraft provide new insight into the parti-
cle acceleration and transport processes within the
geospace. Three sources have been proposed: bow
shock diffuse ions, shocked solar wind ions locally ac-
celerated in the cusp, and energetic particles injected
from the magnetotail. The bow shock model suggests
that solar wind ions undergo first order Fermi accel-
eration at the quasi-parallel bow shock and are sub-
sequently transported into the cusp. Therefore, it is
expected to see CEPs controlled by upstream parame-
ters. The tail injection model predicts CEPs are closely
associated with the substorm activity. We perform a
statistical study of CEP events identified in the Po-
lar data for a number of parameters (IMF components,
shock geometry, solar wind velocity, Mach number, AE
index) to determine the relative contributions from the
bow shock and magnetotail. Because the mechanism
for the local acceleration remains unknown, features
unique to this model but not the other two models are
difficult to identify. Thus those CEP events that can-
not be explained by the bow shock and magnetotail in-
jection models provide the upper limit for CEP events
of local acceleration. Preliminary results of the statis-
tical study will be presented. Other possible sources
for CEPs will also be discussed.
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Energetic electron observations should be able to
clearly delineate regions of open and closed magnetic
field lines in the high latitude and thus contributed
crucially to understanding and resolving an internal
debate going on between groups measuring only the
lower energy (<30 keV) plasma. Energetic electrons
are unique to fully assess magnetic-field-line topology
and thus distinguish between competing high latitude
boundary / cusp dynamic models.

The energetic electrons in the high latitude region
(including cusp) has been examined in detail by using
Cluster/RAPID data set for four consecutive high lati-
tude/ cusp crossings with energies of about 20-400 keV
between 16 March to 19 March 2001.

The stable flux of energetic electrons are observed
mainly in the time interval when the IMF had a pre-
dominate positive Bz component and were associated
with lower plasma density and without an obvious tail-
ward plasma flow (< 30 keV). No electrons or only spike
-like electron events has been observed during IMF neg-
ative Bz whereas the plasma density is high and asso-
ciated with a clear tailward flow. No stable energetic
electron flux has been observed during IMF southward
indicates that the cusp has a general open field line
geometry.

High flux energetic particle have been observed in
the region very frequently, although a number of pos-
sible sources have been proposed, the origin of these
energetic particles is still on debate. No matter where
those particles come from, a mechanism is needed to
maintain them in the cusp. The energetic electron ob-
servation provide new clues to understand the dynamic
cusp process.
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In this paper, we present statistical results from
the energetic electron and ion data set obtained by
RAPID/Cluster. The energy range for ions extends
from 30 to 1500 keV and for electrons between 20 to
400 keV. Data set obtained by Cluster from January
1 to June 30, 2001 are used to study the extension
of the cusp in magnetic local time, invariant latitude,
and its dependence on geomagnetic activity, e.g. Dst,
Kp indices and the solar wind and Interplanetary Mag-
netic Field (IMF) conditions. Furthermore, the rela-
tion between the energetic particles and local plasma
and magnetic field is explored in detail. Frequently the
energetic particles provide the clearest/cleanest indica-
tion of the boundaries of the cusp region.Energetic ions
are essentially present on each pass through this region
but the energetic electron behavior in the cusp region
was significantly more structured and variable than the
ions. The asymmetry between south and north cusp
was also studied and will be discussed.
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The strongest storm in the past 50 years has been
recorded on 31 March 2001. The Dst index reached to
360 nT at around 0900UT. This storm was triggered
by a coronal mass ejection (CME), a lot of fine fea-
tures of this giant magnetic storm have been observed
by the Cluster mission.. In this paper, we only fo-
cus on its early recovery phase between 11:00-15:00UT,
31, March, 2001, when Cluster spacecraft were trav-
eling in the high latitude region — crossing tail lobe,
plasma mantel, the cusp region and the boundary layer,
possible entry layer. Very high flux of energetic ions
has been observed in those regions, including a large
amount of oxygen and helium ions. The origin of these
energetic particles is still an open question. Although
a number of possible sources have been proposed, they
are most liekly magnetospheric origin and leak out to
the cusp region because of very high flux ratio of he-
lium and heavy ions to protons recorded by Cluster. No
matter where they come from, a mechanisam is needed
to maintain them in the cusp. Observation also shows
that enhanced energetic electrons are confined in a very
narrow region while protons occupied a large region,
and heavy ions can be seen in a much wider region.
This implies that the cusp current sheet plays a crucial
role to maintain energetic particles in the cusp region.
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Certain 0-10 keV dayside multi-energy dispersive
ion distributions, measured at low altitudes on closed
field lines, have previously been interpreted as the re-
sult of sudden magnetic field compression acceleration
(Boehm et al., JGR, 104, 2343, 1999). The multiple en-
ergies approximate those expected for ions accelerated
in a single event, observed after differing numbers of
bounces between hemispheres. The original fits to the
dispersion assumed acceleration near the equator, as
the result of a solar wind pressure pulse. However, no
corresponding pressure pulses were found.

‘We now reinterpret the ion acceleration as result-
ing from compression of closed dayside cusp field lines
in the region of their maximum curvature. The disper-
sion fits are insensitive to this change in location of the
acceleration, given the large total ion travel distances.
The compression is assumed to be the result of north-
ward IMF reconnection tailward of the cusp, producing
both an increased magnetic tension over the dayside
cusp and an added dynamic pressure due to sunward-
accelerated plasma. We show that the correct order
of magnitude of ion acceleration on closed field lines
results from this compression, that the dayside multi-
energy events are associated with northward IMF cusp
reconnection, and that the location of the multi-energy
ion events is immediately adjacent to open cusp field
lines.

Sufficient ion acceleration can only occur if the com-
pression occurs quickly. This requires that the initia-
tion of reconnection, to a degree sufficient to produce
the compression, take place in less than ~1 minute.
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Recent studies using IMAGE/LENA observations
have shown that significant brightening between the di-
rection of the Sun and the Earth under certain condi-
tions is the result of solar wind ions charge-exchanging
with geocoronal neutral hydrogen atoms in the flow in
the magnetosheath, and that the brightening tends to
increase when the subsolar standoff distance is reduced.
The inward motion of the magnetopause is caused by
the increase of the solar wind dynamic pressure and
that of a southward component of IMF, and the lat-
ter also causes the cusp entry region to move equa-
torward. We test if LENA can monitor the magne-
topause inward/outward motion and the cusp equator-
ward/poleward motion simultaneously to identify dy-
namical features of these two types of motion. First,
from the intervals of IMAGE noon-midnight orbits, we
surveyed for events when the magnetopause was inside
of geosynchronous orbit and at the same time either
GOES 8 or GOES 10 observed magnetosheath magnetic
field near the subsolar point. We also required that
LENA hydrogen counts from the sun direction during
a selected interval are not correlated with the varia-
tions of the ACE/EPAM flux data for ions with energies
between 47 and 65 keV /e so as to exclude a possibil-
ity that the count enhancements are due to suprather-
mal ions penetrating collimator. LENA observations
taken at Z=4 Re in the dayside magnetosphere on April
11, 2001 show the continuous and correlated motion
of two hydrogen peaks coming from the mid- and low-
latitude sheath direction. When a sphere with a radius
of geosynchronous orbit (=6.6 Re) is assumed around
the Earth, the line of sight of these mid- and low-
latitude enhancements intersects the sphere at 5-6 Re
and a few Re away from the equatorial plane, respec-
tively. We show how these motions can be related to the
dynamics of the magnetopause, and their characteris-
tics are discussed in terms of solar wind data measured
by ACE and sheath magnetic field data from GOES
8/10.
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Interball-Tail orbits were traced in the special co-
ordinate system based on the Tsyganenko-96 geomag-
netic field model which moves relative to GSM de-
pending on the season and interplanetary conditions.
Plasma parameters and magnetic field magnitude in
this system indicate an existence of spatially confined
region where magnetic field is significantly less than
the Tsyganenko-96 model prediction, and plasma num-
ber density is close to the magnetosheath plasma den-
sity. The ion temperature in this region is unexpectedly
high and convection velocity is small. This is gener-
ally inconsistent with the model which consideres the
cusp as a region of reconnected field lines convection.
This region was statistically investigated to clarify the
problems as follows: 1) the mechanism of plasma heat-
ing in the ”diamagnetic cavity”, 2) the nature of the
magnetopause in this region, 3) the reason of plasma
stagnation.
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We have developed a low-noise non-periodic elec-
trostatic Vlasov simulation code to simulate electrons’
motion across a shock ramp of an ion acoustic shock.
Our results indicate that the electric field at the shock
ramp, due to electron thermal pressure gradient across
the shock ramp, can decelerate incoming upstream ions
and accelerate incoming electrons. A cold electron
beam is formed downstream from the shock ramp. A
perturbation that the electron beam received at the
shock ramp, was amplified by two-stream instability
due to interaction between cold electron beam and hot
downstream plasmas. A phase mixing region can be
found at the leading edge of the accelerated electron
beam. The phase mixing region forms an electron hole
which propagates toward downstream side at a speed
slightly greater than the electron thermal speed. The
size of the electron hole, or the size of phase mixing
region, increases with increasing downstream electron
temperature. The propagation speed of the electro-
static solitary wave increases with increasing the size
of phase mixing region. Relationship between soli-
tary waves observed in our simulation and the fast up-
ward going electrostatic solitary waves in the downward
filed-aligned current region of the auroral zone will be
discussed.
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Electric fields often appear in regions of low iono-
spheric conductivity equatorward of auroral electron
precipitation during disturbed geomagnetic conditions.
Strong, poleward-directed electric fields driving sun-
ward plasma convection at sub-auroral latitudes in the
evening local time sector were termed polarization jets
by Galperin et al. [Ann. Geophys., 1974]. Similar in-
tense, latitudinally narrow structures are usually re-
ferred to as sub-auroral ion drifts (SAID) [Spiro et al.,
J. Geophys. Res., 1979]) in the US literature. Yeh
et al. [J. Geophys. Res., 1991] described broader re-
gions of sunward plasma drift, equatorward of and sep-
arated from the evening auroral convection cell. The
term Subauroral Polarization Stream (SAPS) has been
proposed by Foster and Burke [EOS, 2002] as an in-
clusive term for both these types of subauroral electric
field disturbance phenomena. The observational char-
acteristics of SAID and SAPS will be reviewed.
Observations of subauroral plasma convection with
DMSP and other satellites, and with the Millstone Hill
incoherent scatter radar, are used to characterize SAPS
phenomenology and to address its causes and effects in
the coupled inner-magnetosphere / ionosphere system.
A database of ~10,000 radar scans has been examined
to determine the average characteristics of the distur-
bance convection electric field in the midlatitude iono-
sphere. SAPS is seen as a persistent secondary west-
ward convection peak which lies equatorward of the au-
roral two-cell convection and spans the nightside from
dusk to the early morning sector for all Kp greater than
4. Pre-midnight, the SAPS westward convection lies
equatorward 60° A, spans 3° - 5° of latitude, and has
an average peak amplitude of >900 m/s. In the pre-
dawn sector, SAPS is seen as a region of antisunward
convection equatorward ~ 55°A, spanning ~ 3° of lat-
itude, with an average peak amplitude of 400 m/s.
The radar observations find that SAPS occurrence
probability is greater than 50% between 20 MLT and
02 MLT for Kp >~5. For Kp ~5+, the SAPS proba-
bility exceeds 80% between 20 MLT and 00 MLT and is
greatest near dusk (16-18 MLT). An occurrence prob-
ability >40% extends to near dawn (06 MLT) for Kp
~5.

SM62B-02 1355h INVITED

Low Latitude Ionospheric Storm Time
Electric Fields

Bela G. Fejer (435-797-3627; bfejer@cc.usu.edu)

Center for Atmospheric and Space Sciences, Utah
State University, 4405 Old Main Hill, Logan, UT
84322-4405, United States

Ionospheric electric fields and currents exhibit
strong perturbations with a large range of time scales
during periods of enhanced high latitude currents and
energy deposition. At low and equatorial latitudes, the
strongest ionospheric and thermospheric storm effects
are driven by zonal prompt penetration and distur-
bance dynamo electric fields, which can significantly
alter the altitudinal/latitudinal distributions of ion-
ization over a large area of the globe, and control
the occurrence of ionospheric santillations and equa-
torial spread-F. Over the last decade major progress
has been made in quantifying the climatological storm
time dependent responses of low latitude electric fields
and currents to changes in magnetospheric convec-
tion, and in the validation of global models. However,
there are still fundamental unanswered questions deal-
ing with the large variability of the perturbation elec-
tric fields, particularly during strongly active times.
Important sources of disturbance electric field variabil-
ity may include changes in the high latitude potential
and conductivity distributions, magnetospheric recon-
figuration, and season and solar cycle dependent con-
ductivities. In this talk, we will present the major char-
acteristics of the low latitude disturbance electric fields
and we will discuss some recent experimental and mod-
eling efforts aimed at improving their understanding.
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The Sub-Auroral Polarization Stream (SAPS) has
been identified as a region of enhanced westward
plasma flow in the night-time mid-latitude ionosphere
during geomagnetically disturbed conditions. A de-
scription of the SAPS electric field, based on observa-
tions from the Millstone Hill incoherent scatter radar,
is used here as a driver for the Utah State University
Time Dependent Ionospheric Model (TDIM) in order to
assess the effect of the SAPS on the mid-latitude night-
time F-region. Tests are conducted for various effective
durations of the SAPS, up to seven hours, as well as for
different background convection patterns. A longitudi-
nal, or UT, dependence of the ionospheric response is
examined. It is found that within the SAPS region, a
large amount of density structuring occurs, including
regions of enhancements and depletions; in some cases
the difference in Ny Fo is as large as a factor of 20.
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During the first two years of the NASA IMAGE mis-
sion, global-scale images of auroral precipitation have
revealed electron and proton precipitation away from
the main auroral oval. The most common manifesta-
tions include detached proton arcs in the dusk sector,
and impulsive precipitation of electrons and protons on
the dayside. A third type of auroral form was observed
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