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current. The AU and AL indices express the strongest
current intensity of the eastward and westward auro-
ral electrojets respectively. In this study both the AU
and AL indices are compared with the Sym-H index
for storm-time events. The storm-time events are se-
lected for minimal Dst less than - 50nT. It is found that
the correlation between the auroral electrojets and ring
current changes case by case. These events are then
separated by high and low correlation coefficients. Up-
stream solar wind characteristics related to these events
are investigated. Possible causes for changes of the cor-
relation coefficients will be discussed as well.
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Solar Cycle Effects on Different Levels
of Geomagnetic Storms
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A yearly check on the correlation between the pres-

sure corrected Dst and interplanetary parameters for
the whole OMNI data set (1974–1996) reveals that ap-
parently the main controlling parameter producing Dst
variations is the solar wind speed v, however it is clear
that the driving parameters during the main and recov-
ery phases of approximately 300 magnetic storm events
extracted from the OMNI database are the southward
IMF BS and the dawn-dusk component of the inter-
planetary electric field vBS . To analyze solar cycle
effects the selected set of storm events were separated
in two subsets using, as a reference, a baseline given by
a sunspot number of ∼ 100. We found that the correla-
tion is enhanced for those lying under the baseline and
reduced for those events lying over the baseline. Ap-
parently, the correlation is higher for storms occurring
near minima of the solar cycle than those surround-
ing the solar cycle maxima. In a little further analysis
we separate the selected data base in four subsets, two
for the events occurring on opposite phases of the so-
lar cycle and the other two for those occurring on the
ascending and descending parts of the solar cycle. In
this case, the correlations between the absolute value
of Dst∗ and BS are similar for the opposite phases
of the solar cycle (R = 0.72, with standard deviations
of 30.7 and 40.5, respectively). The best correlation
(R = 0.79) is found for the ascending phase of the solar
cycle marking a significant difference with the descend-
ing phase (R = 0.69).
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The upstream boundary of the
terrestrial foreshock ULF wave field:
Cluster at large separations
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Cluster observations of the terrestrial foreshock

made at large (1 Re) and intermediate (600km) space-
craft separations are presented. Case studies are pre-
sented where the spacecraft tetrahedron enters and ex-
its the foreshock wave field as a result of changing In-
terplanetary Magnetic Field orientation. Rapid transi-
tions in and out of the ULF foreshock wave field ob-
served during intervals of stable upstream conditions

are presented. The possibility of time dependence in
the structure of the wave field is discussed. Two case
studies based on observations at large spacecraft sepa-
rations are also presented where the spacecraft straddle
the upstream boundary of the foreshock wave field. It is
shown that the spacecraft closest to the shock and con-
nected to the more parallel region of the shock observe
the largest amplitude and most prolonged wave activ-
ity. The implications of these results are discussed,
particularly with reference to the extent of the out-of-
ecliptic foreshock.
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A Comparison of Shock Normals
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An accurate determination of the quasi-
perpendicular bow shock orientation is crucial for
the understanding of the physics that occurs within
this boundary region. Using data collected by the
Cluster spacecraft from a number of days during the
first half year of operations this paper analyses the
shock normal directions determined using three differ-
ent methods. The first set of normals are derived using
several shock models. The second set are computed
using the coplanarity method based on FGM magnetic
field data from the individual Cluster satellites. The
final set are computed using multi-spacecraft timings
of the shock crossing based on measurements of the
EFW probe potentials. The normals for each shock
are compared and the results are also analysed with
respect to the upstream values of θBn and the shock
Mach number.

SM52B-0574 1330h POSTER

Three-Dimensional Global Hybrid
Simulation of the Bow Shock

Yu Lin1 ((334)844-4683; ylin@physics.auburn.edu)
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xywang@physics.auburn.edu)

1Auburn University, Physics Department, 206 Allison
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A 3-D global-scale hybrid code is developed for sim-
ulation of the bow shock and the dayside magneto-
sphere. A spherical, (r, θ, φ), coordinate system is
utilized in the simulation. The code is developed by
generalizing our previous 2-D code [e.g., Swift, GRL
22, p.311, 1995; Lin, PSS 50, p.577, 2002] to 3-D. In
the hybrid code, the solar wind and outer magneto-
spheric ions are treated as discrete particles, and the
electrons are treated as a massless fluid. In the simu-
lation, the bow shock forms by interaction between the
supersonic solar wind and the geomagnetic dipole field.
The simulation domain contains plasma regions from
the geocentric distance of r = 3RE to 20RE . Mas-
sively parallel computation is used in the simulation.
Our previous 2-D simulations showed the presence of
various electromagnetic waves near the quasi-parallel
and quasi-perpendicular shocks, and the formation of
diamagnetic cavities in the foreshock and downstream
regions of parallel and quasi-parallel shocks due to the
interaction between backstreaming ion beams and the
incoming solar wind plasma. In this presentation, our
preliminary 3-D simulations of the kinetic structure of
the bow shock will be shown, and the results will be
compared with the previous 2-D simulations.
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Macrostructure of the Quasi-Parallel
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Recently, we have utilized global hybrid (fluid elec-
trons, kinetic ions) simulations of solar wind inter-
action with magnetic dipoles of various strength to
demonstrate the existence of a spectrum of magne-
tospheric structures. Starting with a simple whistler
wake, increasing the dipole strength results in magne-
tospheric structures which grow in complexity until a
terrestrial type magnetosphere is formed. This occurs
when the system size is considerably larger than ion gy-
roradii, specifically when the standoff distance of the
magnetopause is at least 20 times the solar wind pro-
ton skin depth. In this study, we use a similar approach
to understand the macrostructures of the quasi-parallel
shock and the magnetosheath and their evolution as a
function of system size. These macrostructures are di-
rectly tied to ion kinetic processes and microinstabili-
ties which occur in the ion foreshock and the magne-
tosheath. As a result, the spatial extent of both regions
influence the nature of system. Our objective is to es-
tablish the spatial scales associated with various kinetic
processes in the ion foreshock and the quasi-parallel
magnetosheath and determine the spatial scales beyond
which the system has a self-similar solution.
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In an accompanying presentation, global hybrid
(fluid electrons, kinetic ions) simulations were utilized
to demonstrate the existence of spatial scales beyond
which quasi-parallel shocks and magnetosheath exhibit
self-similar macrostructures. This implies that the re-
sults of the simulations should be directly applicable to
spacecraft observations at planetary shocks and mag-
netosheaths. An interesting aspect of the simulation
results is that despite the presence of large levels of
ULF turbulence in the upstream, at the shock and the
downstream regions a macrostructure can be attributed
to the system. This macrostructure is associated with
large scale, and fairly coherent, density and field fluc-
tuations which populate most of the quasi-parallel mag-
netosheath. Preliminary analysis of the waves suggest
that these fluctuations may be in both mirror (den-
sity and magnetic field anti-correlation) and fast mag-
netosonic (density and field correlation) modes. Here,
we present a detailed analysis of the waves observed in
the simulations to better understand their mode struc-
ture and origin, as well as their influence in modulat-
ing the magnetosheath. Comparison between simula-
tion results and observations in the quasi-parallel mag-
netosheath is also provided.
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It is well-known that high-Mach number shocks are
nonstationary. The shock front steepens and unsteep-
ens quasiperiodically, and some shocks even reform. It
is widely believed that the typical timescale of this pro-
cess is of the order of the ion gyroperiod, so that elec-
trons feel a quasistationary electric field. Electrons,
which cross the shock in the adiabatic regime during
the unsteepening phase, may become demagnetized in
during the shock steepening. Thus, the electron heat-
ing regime may be time dependent in high-Mach num-
ber shocks and bursty nonadibatic heating may coexist
with adiabatic heating. The downstream electron dis-
tribution would be a mixture of nonadiabatically and
adiabatically heated electrons.
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Shock : Theory Versus Simulations
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Test particle simulations have been performed in or-
der to analyze the time evolution of transmitted elec-
trons dynamics through a supercritical perpendicular
collisionless shock. In addition to the adiabatic trans-
mitted particles, two distincts non adiabatic popula-
tions are observed. The first one suffers an ”overheat-
ing” characterized by an increase of the gyrating ve-
locity higher than that supposed by the conservation
of the magnetic moment, and the second one suffers a
”cooling” characterized by a deceleration of this veloc-
ity. a) Present simulations show that these two non-
adiabatic populations, strongly depend on the particle
injection parameters (both angles with respect to the
shock front and initial gyrating velocities), at the be-
ginning time of the ramp crossing. A single particle
model is proposed and compared with these numerical
results, and points out the key role of the DC electro-
static field at the shock ramp in the formation of non-
adiabatic transmitted electrons. b) Moreover, a statis-
tical analysis (electron heating) is performed with the
use of a Lyapounov coefficient and a theoretical model
including linearly varying profiles of the electric and
magnetic fields. Numerical results are found in a good
agreement with those issued from PIC simulations.
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EMHD-hybrid Simulations
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We study properties of one-dimensional perpendic-
ular shock using hybrid simulations. Standard hybrid
simulations treat ions as particles and electrons as a
massles isothermal fluid. Ohm law in our model is ex-
tended so the time evolution of both the electron par-
allel and perpendicular temperature is described by an
EMHD model. Many numerical studies were already
devoted to the properties of one-dimensional perpen-
dicular shocks using particle in cell (PIC) and hybrid
codes. It is known that shocks for colder and/or higher
Mach numbers show a nonstationary feature, namely a
periodic reaperence of a new shock front. These non-
stationary shocks have shock front gradient scales gov-
erned only by the spatial resolution of the numerical
model. We study properties of these shocks by an ex-
tended hybrid code and compare the results with pre-
vious simulations.
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The dependence of the shock thickness on the shock
Mach number and the upstream proton beta have been

subject of several studies. We carry out a paramet-
ric study of several numerical experiments of quasi-
perpendicular shocks in two dimensions using standard
hybrid code. Hybrid simulations treat ions as parti-
cles and electrons as a fluid. Having ions as particles
allows ion kinetic behavior and waves to be included.
We take the advantage of the fact, that in a numerical
experiment whole shock front is available. A hyperbolic
tangent is fitted to each density transition profile along
the shock front to obtain a measure of the mean value
of the shock thickness L and a the typical value of ab-
solute error dL of this value caused by natural pertur-
bations (ripples) of the accelerating shock front. Both
parameters are scaled by both the upstream proton in-
ertial lenght and by the ratio of the shock velocity and
the inverse of the downstream proton gyrofrequency.
Cluster II multispacecraft allows us to obtain an esti-
mate of the mean value L and also a rough estimate of
the absolute error dL. We find the dependency of the
shock thickness L and the error dL on the wide range
of shock’s Mach number and and upstream proton beta
in the numerical model and compare these results with
Cluster II observations.
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Kinetic Jump Conditions and Vlasov
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Kinetic jump conditions of one-dimensional elec-
trostatic shocks and contact discontinuities (CDs) are
studied analytically and verified by Vlasov simulations.
Kinetic jump conditions can provide information on
heat flux and electron-ion temperature ratio on both
upstream and downstream boundaries. For a steady
shock structure in electron time scale with uniform
boundary conditions, a set of equations needs to be ful-
filled. In most cases, only approximate solutions can
be found, which indicate that shock transition region
must be a time-dependent structure in electron time
scale. Our analytic solutions also indicate that differ-
ent electron-ion temperature ratio on upstream bound-
ary can result in different potential jump and plasma
heating across the shock ramp. These analytic solu-
tions are consistent with numerical results obtained
in Vlasov simulations. Jump conditions of an electro-
static CD are the same as jump conditions of a magne-
tized CD propagating parallel to the ambient magnetic
field. It is found that a steady electrostatic CD requires
different electron-ion temperature ratios on upstream
boundary and on downstream boundary. Using the ki-
netic jump conditions as boundary conditions, steady
CD structures are found in our Vlasov simulations. Dif-
ferences between our simulation results and previous
simulation results of CDs will be discussed.
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Recents observations of the Earth bowshock
(Alexandrova et al., 2003, to be published in J. Geo-
phys. Res.) suggest that the Alfven waves observed
downstream of the shock may be unstable to a ”fila-
mentation” instability. The outcome of this instabil-
ity, which occurs for wavelength larger but comparable
to the ion inertial length and a large plasma beta, is
the formation of field aligned magnetic tubes at the
expanse of the initial Alfven wave energy. This insta-
bility and its nonlinear development have been exten-
sively studied and simulated in the three dimensional
Hall MHD regime (Laveder et al., 2002). In the present
work we present the first 3D hybrid simulations (the
protons are treated as particles and the electrons as
a massless fluids) of this instability, with 400 cells in
each direction, allowing to resolve the fine structure
(of the order of a fraction of proton inertial length) of
the final magnetic tubes, resulting from the instability
of a parallel propagating Alfven wave, of wavelength
of the order of 10-20 inertial length. We shall discuss

the influence of kinetic effects on the instability and its
development as well as the comparison with the space
observations.
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MHD Simulation of Magnetosheath and
Magnetosphere ULF Waves for Solar
Wind ULF Induced Events
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Rice University, Physics and Astronomy MS 108 6100
Main St, Houston, TX 77005, United States
Two high-speed stream events where ULF activity

is present in the solar wind have been used as input for
runs of the BATS-R-US MHD model. In both events
propagating waves are found in the dayside magne-
tosheath. These are accompanied by ULF waves in the
magnetosphere. The magnetosheath waves, which ap-
pear as variations in the magnitude of B at the equa-
tor, are initiated by large and small wave-like modu-
lations in By and, or Bz in the solar wind. The IMF
can be northward at the time the magnetosheath waves
are launched. The magnetosheath waves travel down-
stream and as they do so the wave motion penetrates
deeply into the magnetosphere as a compression in B.
It appears that the magnetosphere ULF waves in in the
model at the dawn and dusk meridians are a reaction to
the magnetosheath waves. Movies of successive model
time-steps will be used to illustrate both the magne-
tosheath and magnetosphere waves and their connec-
tion.
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Mirror Waves With Finite Ion Larmor
Radius Effects
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The fully kinetic theory of mirror waves account-

ing for the finite ion Larmor radius effects is devel-
oped. Their influence on the wave polarization both in
uniform and nonuniform plasmas is discussed. Theore-
tivcal results have been compared with multi-satellite
observations of mirror waves in the terrestrial magne-
tosheath.
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Magnetosheath plasma response to a
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Institute of Atmospheric Physics, Prague, Bocni II,
1401, Prague 14131, Czech Republic
Effect of a slow compression on the magnetosheath

plasma is studied using two-dimensional hybrid ex-
panding box model. In this model the plasma is un-
der an externally driven continuous compression and
responds to this compression self-consistently. The evo-
lution in the simulated plasma has two distinct phases:
during the first one, when the system is stable with re-
spect to the Alfven ion cyclotron (AIC) and mirror in-
stabilities, the ions behave double adiabatically. This
behavior leads to strong ion temperature anisotropies
and eventually the system crosses the treshold of the
AIC instability. After a short transition the second
phase starts: the plasma follows the marginal stabil-
ity condition of the AIC instability. During this phase
the temperature anisotropy decreases whereas the ion
parallel beta increases. In higher beta plasma the mir-
ror instability appears but the mirror waves does not
alter the overall system behavior. We investigate a role
of the compression speed and of the presence of alpha
particles. We discuss the simulation results in the mag-
netosheath context.
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Simulation results of Kelvin-Helmholtz (K-H) in-
stability at a magnetohydrodynamic (MHD) tangen-
tial discontinuity (TD) show asymmetric development
of nonlinear waves when magnetic field is perpendic-
ular to the velocity shear on one side of the TD but
parallel to the velocity shear on the other side of the
TD. To explain these simulation results, an analytic
study is carried out to obtain generalized solutions of
K-H instability. Both incompressibility and pure sur-
face wave conditions are removed from our basic as-
sumptions. Nonlinear waves in our model are allowed
to propagate at directions both tangent and normal to
the surface of TD. Plasma is assumed to follow an adia-
batic process. Nonlinear waves on two sides of the TD
have a common tangential wavelength, but may have
different normal wavelengths. Wave amplitude is as-
sumed to decay exponentially away from the surface
of TD. Our solutions indicate that the exponential de-
cay length increases with increasing normal wavelength.
On the other hand, the normal wavelength will decrease
with increasing velocity shear. Our simulation results
are in good agreement with the analytic solutions. For
magnetic field parallel or anti-parallel to the velocity
shear direction, the normal wavelength is much longer
than the tangential wavelength. Thus, nonlinear waves
are developed from the TD like a toothbrush with wave
normal nearly perpendicular to the normal of the TD.
With flow energy converted into wave energy and car-
ried away from the TD, amplification of the surface
wave become stabilized. Only a finite amplitude dis-
turbance can be found at surface of the TD in our sim-
ulation. Our analytic solutions and simulation results
indicate possible existence of another type of nonlinear
waves in magnetosheath and in the tail lobes as a result
of solar wind-magnetopause interactions.
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In order to understand the universality of substan-
tial non-MHD effects in MHD-scale Kelvin-Helmholtz
(KH) vortices, we have performed two-dimensional sim-
ulations by a two-fluid system including finite electron
inertia effects. An MHD-scale velocity shear with den-
sity gradient between two regions is set up and evolu-
tion of MHD-scale KH-mode is followed. Firstly, the
magnetic field is assumed to be perpendicular to the
flow and the simulation plane. In this case, we have
already shown the quick decay of an MHD-scale KH
vortex induced by the electron effects to exist; smaller
vortices appearing within the MHD-scale vortex grow
in size as they intrude into the center of the parent’s
vortex. Then the well-ordered parent’s flow pattern is
destroyed. By investigating the detailed nature of the
decay process, here we show that the parameter range
for the quick decay involves the typical parameter range
of the tail-LLBL and thus the vortex decay is well ex-
pected in the tail boundary layer. Secondly, we have
simulated cases with in-the-plane magnetic field com-
ponent. We particularly focus on the case where mag-
netic field lines on both sides of the shear layer are
parallel to each other. In this case, the magnetic re-
connections within the MHD-scale vortex are generated
by the electron inertia effects when the vortex highly
rolls-up, stretching the field lines into an anti-parallel
geometry overcoming the tension of in-the-plane mag-
netic field. The number of the magnetic islands formed
by reconnection and the degree of the electron accel-
eration in the islands depend on the size of the vortex
measured by the electron inertial length. Furthermore,
when in-the-plane magnetic intensity is extremely dif-
ferent between the two sides of the shear layer, we ob-
serve the magnetic islands to be injected into the side
with the weaker field. We will present more details
pointing to the general importance of the electron ef-
fects in an MHD-scale KH vortex and discuss its rele-
vance to dynamics of the tail-LLBL.
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Three-dimensional MHD Simulations of
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In order to understand the nature of the Kelvin-
Helmholtz (K-H) instability in the tail-flank situation,
we have been performing three-dimensional MHD sim-
ulations of the K-H instability. We have obtained the
results for the two basic configurations, one in which
the magnetic field is uniform and perpendicular to the
velocity flow (transverse case) and the other where the
field is uniform and parallel to the flow (parallel case).
We have set the density variation that makes an un-
stable layer of finite thickness to be located between
two stable regions. Whether the vigorous growth of
the K-H instability is available or not would depend on
the thickness of the unstable layer H. Indeed, for the
transverse case, the critical thickness below which no
growth is available is about a half of the wavelength
of the fastest growing mode. However, the growth rate
obtained even when the thickness is as small as 1/3
of the wavelength is almost unaffected for the parallel
case. These results have the following implications to
the magnetotail flank situaition. The thickness H men-
tioned above corresponds to the thickness of the plasma
sheet. The magnetosheath magnetic field has substan-
tial component transverse to the velocity flow and the
magnetospheric field is mostly parallel to the flow. It is
the copuling between the sheath field and the thickness
of the plasma sheet that gives rise to three-dimensional
effects. When the shear flow at the tail-flank give
rise to the K-H instability, the magnetosheath magnetic
field lines will be bent and their tips will intrude into
the plasma sheet. The strength of magnetosheath field
and the plasma sheet thickness H should control the
stability and the non-linear phase of the K-H instabil-
ity. The parameter space where significant effects of
the K-H instability are available will be shown and it
is compared with the tail-flank parameters.
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the sub-Alfvénic flows at the high
latitude magnetopause?

Levon A. Avanov1,2 (256 961 7672;
Levon.Avanov@msfc.nasa.gov)

Michael O. Chandler1 (256 961 7645;
Michael.Chandler@msfc.nasa.gov)

Valeriy N. Smirnov2 (vsm@plasma.rssi.ru)

Oleg L. Vaisberg2 (olegv@iki.rssi.ru)
1NSSTC/MSFC/NASA, 320 Sparkman DR,

Huntsville, AL 35805, United States

2Space Research Institute (IKI), 84/32 Profsoyuznaya
Str, Moscow 117997, Russian Federation

We study magnetopause crossings made by the In-
terball Tail spacecraft at high latitudes under various
interplanetary conditions. When the IMF is mostly
northward the Interball Tail observes quasi steady state
reconnection signatures at the high latitude magne-
topause, which include a well-defined de Hoffman-
Teller frame, satisfaction of stress balance (Walen re-
lations) and D-shaped ion velocity distributions. Un-
der variable or southward IMF the high latitude mag-
netopause is a tangentional discontinuity. However,
in certain conditions, just after the magnetopause
crossing, irrespective of the IMF orientation, deceler-
ated magnetosheath flows are observed in the magne-
tosheath region adjacent to the high latitude magne-
topause. This leads to formation of the region where
the sub-Alfvénic flow at high latitudes exists. We sug-
gest that in some cases the dipole tilt plays an impor-
tant role in the formation of the sub-Alfvénic flows,
although in some cases formation of the depletion layer
is responsible for observation of the sub-Alfvénic flows
at the high latitude magnetopause.
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The physics of flux pileup magnetic reconnection
at the terrestrial subsolar magnetopause is addressed.
Analytical results for 3D reconnection are reviewed
and compared with global magnetohydrodynamics sim-
ulations of subsolar magnetopause reconnection under
steady, southward IMF conditions. The scaling of the

magnetic flux pileup and the reconnection electric field
with plasma resistivity are shown to be consistent with
scalings predicted by the 3D stagnation point flow an-
nihilation model of Sonnerup and Priest (J. Plasma
Phys., 14, 283-294,1975) and Craig et al. (ApJ., 485,
383-388, 1997), implying that the reconnection rate
should vanish in the infinite Lundquist number limit.
Effects of Hall electric fields are addressed using an an-
alytical 2D stagnation point annihilation model which
allows flux pileup to saturate well before the reconnec-
tion rate begins to drop; nevertheless, our resistive Hall
MHD results predict significant pileup at the subsolar
magnetopause even for a purely southward IMF orien-
tation. This result is puzzling, since spacecraft obser-
vations typically show no significant pileup of magnetic
energy at the magnetopause when the IMF is south-
ward. It thus appears that Hall-induced pileup satu-
ration alone cannot account for the lack of observed
magnetic energy pileup during subsolar magnetic re-
connection under southward IMF conditions.

SM52B-0591 1330h POSTER

Scaling of Magnetic Reconnection from
Asteroids to Earth

Hoanh Vu1 (hxv@microworld.com)

Homa Karimabadi1 (homa@ece.ucsd.edu)

Nojan Omidi1 (omidi@ece.ucsd.edu)

Christopher Russell2 (ctrussell@igpp.ucla.edu)
1UCSD, Dept. of ECE, MC 0407, La Jolla, CA 92093-

0407, United States

2UCLA, Institute of Geophysics, Los Angeles, CA
90095, United States

Current sheets are a central feature of magneto-
spheric structures and play a significant role in the
transfer of plasma, momentum and energy from the
solar wind. Our recent hybrid (fluid electrons, ki-
netic ions) simulations for northward IMF demonstrate
that magnetospheric structures go through well defined
transition points as the magnetic dipole strength is in-
creased in a constant solar wind flow. It was shown that
a spectrum of magnetospheric structures exist which
can be characterized in terms of the distance ahead
of the dipole where the magnetic field pressure bal-
ances the solar wind ram pressure (Dp). At low dipole
strengths, the magnetosphere is fairly simple and con-
sists of whistler and/or magnetosonic wakes. Increas-
ing the dipole field results in the formation of progres-
sively more complex magnetospheres with a number of
different plasma regions separated by various types of
waves or discontinuities. When Dp approaches 20 ion
inertial length, the resulting magnetosphere exhibits a
terrestrial type behavior. Here we examine the effect of
the IMF direction on the spectrum of magnetospheric
structures. In particular, we are interested in determin-
ing whether the direction of IMF has the same dom-
inant controlling factor in magnetospheric structures
as it does for the case of the Earth. In order to ad-
dress this issue, we have performed a series of 2D and
3D global hybrid simulations for varying dipole field
strengths in a constant solar wind flow. We show that
details of magnetic reconnection and its relative impor-
tance to the process of transport is dramatically dif-
ferent for weak dipole fields (Dp< 5) than for large
Dp cases. In particular, for small Dp the dynamic
flow around an obstacle can dominate the flow diver-
sion due to reconnection, resulting in similar magne-
tospheric structures during both northward and south-
ward IMF.

SM52B-0592 1330h POSTER

Stability and Structure of Superthin
Sheets: 2D and 3D Full Particle
Simulations

Homa Karimabadi1 (homa@ece.ucsd.edu)

Dietmar Krauss-Varban1 (varban@ece.ucsd.edu)

William Daughton2 (daughton@lanl.gov)

Phillip Pritchett3 (pritchet@physics.ucla.edu)

Nojan Omidi1 (omidi@ece.ucsd.edu)
1UCSD, Dept. of ECE, MC 0407, La Jolla, CA 92093-

0407, United States

2Los Alamos National Laboratory, MSB 259, Los
Alamos, NM 87544, United States

3UCLA, Dept. of Physics, Los Angeles, CA 90095-
1547, United States

Current sheets are a central feature of magneto-
spheric structures and play a significant role in the
transfer of plasma, momentum and energy from the
solar wind. Our recent hybrid (fluid electrons, ki-
netic ions) simulations for northward IMF demonstrate
that magnetospheric structures go through well defined
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transition points as the magnetic dipole strength is in-
creased in value. Further, for weak dipole fields, which
may be relevant for asteroids and smaller planets, the
magnetopause takes the form of a very thin current
layer with ρi/L 7 where ρi is the ion gyroradius and
L is the current sheet half-thickness. The properties of
such thin current sheets are largely unknown. We have
used linear kinetic theory as well as 2D and 3D full par-
ticle simulations to study the structure and stability of
such thin sheets. Some of the important issues that
we address include, (i) what is the lower limit of cur-
rent sheet thickness in the presence of instabilities such
as the lower hybrid drift instability that will broaden
the sheet? (ii) Can magnetic reconnection occur in this
limit and what form will it take? Thin sheets also en-
able us to settle important issues regarding the sta-
bility of thicker current sheets observed at Earth. The
study of such current sheets at has been difficult due to
small growth rates, and many important issues remain
unresolved. Even using unrealistically small mass ra-
tios, relevant simulations remain out of reach of present
computational capabilities. Through our study of thin
sheets we will address issues that are of direct interest
to the Earth’s magnetosphere, using realistic mass ra-
tios. Examples include (i) nonlinear interaction of tear-
ing and lower hybrid drift instability and (ii) saturation
mechanism of guide field tearing in three-dimensions.
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We studied the plasma and magnetic field struc-
ture of the magnetopause with Geotail data. We classi-
fied the structure of the magnetic field and the plasma
flow at the dayside magnetopause in the magnetopause-
normal coordinates. We found that the magnetopause
has two patterns of magnetic field structure. One is
the case in which the strength of the magnetic field be-
comes small when Geotail crosses the magnetopause. In
this case, the southward magnetic field becomes sim-
ply the northward magnetic field. The other is the
case in which the strength of the magnetic field is al-
most constant. In this case, the magnetic field ro-
tates. The position where the magnetosheath plasma
with low-temperature and high-density changes into
the magnetospheric plasma with high-temperature and
low-density does not depend on the structure of the
magnetic field. The position is at the magnetosphere
side of the magnetopause defined by the magnetic field.
Sudden southward or northward plasma flows, which
are considered to be magnetic reconnection flows, are
frequently observed at the magnetopause. These flows
can be observed for these two types of the magnetic
field structure.

SM52B-0594 1330h POSTER

Response of the Geosynchronous
Magnetic Field at the Sub-solar
Region to Variations in Interplanetary
Magnetic Field Orientations and
Changes in Solar Wind Dynamic
Pressure

Jih Kwin Chao1 (886-3-422-7151 ext.5765;
jkchao@jupiter.ss.ncu.edu.tw)

Alex V. Dmitriev1 (886-3-422-7151 ext.5776;
dalex@jupiter.ss.ncu.edu.tw)

Ya Hui Yang1 (886-3-422-7151 ext.5758;
allen@jupiter.ss.ncu.edu.tw)

1Institute of Space Science, National Central Univer-
sity, No.300, Jung-Da Road, Chung-li 32001, Tai-
wan
The magnetic fields Ht at the geosynchronous orbit

near the dayside sub-solar region are compared with
the up-stream solar wind dynamic pressure (Dp) and
north-south component of interplanetary field (Bz) in
GSM coordinates based on the 90-second resolution of
data observed by WIND, ACE, GOES 8 and 10 satel-
lites for the period 1999-2000. The corrections due to
the changes of the latitudinal positions of GOES have
been made. There are at most two events selected (one
for each GOES) each day when GOES 8 and 10 reach
their maximum values of magnetic field strength near
the sub-solar region. A total of 507 events are selected
such that the up-stream solar wind and IMF data are
carefully compared with GOES data so that a proper
adjustment for the time delay due to solar-wind propa-
gation from the upstream positions to that of GOES is
included. It is found that the well-known results of Ht
= a*sqrt(Dp)+b are confirmed for both polarity of Bz
where a=30.2, b= 80.2, Ht in nT and Dp in nPa. How-
ever, the reduction in Ht due to the negative Bz is not

found in our statistical study. Using the magnetopause
model of Chao et al. (2002) and Shue et al. (1998),
we estimate that the sub-solar distance of the magne-
topause, Rmp, reduces about 1 Re on the average for
southward Bz when Rmp is in the range of 7 to 10 Re.
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We have analysed high-resolution Cluster FGM data
(22 vectors/s) during three high-altitude cusp cross-
ings on 17th of March 2001, 2nd and 9th of March
2002. The Cluster separations for these crossings var-
ied between 70 - 600 km and therefore provided an
unique opportunity to study wave properties at differ-
ent length scales. After entering the cusp Cluster ob-
served significant level of magnetic field fluctuations
with the highest frequencies scaling as a function of
the local ion cyclotron frequency (IC). The waves close
to local IC frequency appeared at two types of plasma
boundaries: higher amplitude (2-5 nT) incoherent wave
packets were observed at regions of enhanced plasma
flow, and smaller amplitude (< 0.5 nT), more coher-
ent wave trains were observed at shear flow-stagnant
plasma boundary. Sometimes also the first and sec-
ond harmonic of the dominant frequency were present.
Surprisingly the cross-correlation coefficients between
spacecraft pair were poor for all crossings indicating
that these waves were very locally generated and possi-
bly some wave-particle interactions took place, damp-
ing the waves before other spacecraft were able to ob-
serve them. Both left-and right-handed waves were ob-
served, and there were no correlation between elliptic-
ities and wave propagation angles with respect to the
background magnetic field.
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This talk is intended to touch upon, and hopefully
stimulate interest in, a number of questions that have
arisen during past experimental work on the plasmas-
phere or underlying ionosphere. During disturbed pe-
riods, substantial amounts of plasma appear to be lost
from the plasmasphere by interchange fluxes with the
ionosphere. What is the mechanism of this loss and
what is its effect on the ionosphere? What mechanisms
establish and control the properties of the plasmapause
boundary layer or plasmapause region? How could the
development of a new plasmapause boundary be ob-
served with, say, kilometer scale resolution and on a
time scale of minutes? Is there a combination of ground

based radar and rocket experiments that could accom-
plish this? Irregular density structure frequently ap-
pears in the plasmapause region. How and when do
these irregularities form, and what role does the iono-
sphere play in their formation? At times, but possibly
only in the early stages of disturbance, a steep plasma-
pause boundary is detected at altitudes of a few thou-
sand km. How do the properties of the plasmasphere
boundary layer, or plasmapause region, vary as a func-
tion of distance along the field lines from the equator
to the ionosphere? Limited evidence suggests that the
low and high altitude convection flows of eroded plas-
masphere plasma may be at least partially decoupled
along field lines near the dayside magnetopause. What
role do turbulent electric fields play in this process?
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Studying plasmaspheric dynamics during and after

magnetic storms provides information on how the plas-
masphere responds to and influences storm evolution,
and provides insight into magnetosphere-ionosphere
coupling. Understanding the source and loss processes
of ring current and radiation belt particles requires
a dynamic picture of the plasmaspheric mass density,
which modifies those populations by particle-particle
and indirectly by wave-particle interactions. Stud-
ies using plasmaspheric measurements from the IM-
AGE satellite and ionospheric total electron content
measurements from ground-based GPS receivers have
demonstrated a striking correlation between stormtime
density enhancements in the ionosphere and plasma-
spheric drainage plume structure caused by enhanced
magnetospheric convection. We describe how the con-
tinuous dual-frequency L-band transmissions from 27
Global Positioning Satellites (1.2 and 1.5 GHz), orbit-
ing at about 4 Earth radii, are important observational
tools for studying the plasmasphere and ionosphere as
a coupled system. Total electron content measurements
from ground-based GPS receiver networks are comple-
mentary to measurements obtained from zenith-viewing
GPS receivers in low-Earth orbit, currently available
from a variety of altitudes both within and above the
ionosphere. We will report on observed trends such
as the plasmaspheric content versus latitude, how this
evolves over several hours during a magnetic storm, ap-
parent refilling of the plasmasphere after a storm, and
how the plasmasphere structure correlates with ground
and space-based GPS measurements of the ionosphere.
Since GPS measurements of the plasmasphere are fairly
new, we will discuss the measurement system itself, lim-
itations and possible new directions.
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