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Hybrid and Hall MHD simulations of
the out-of-the-plane magnetic field
component: Origin and Generation
Mechanism
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Joe Huba? (huba@ppd.nrl.navy.mil)

Dietmar Krauss-Varban! (varban@ece.ucsd.edu)
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0407, United States

2Naval Research Laboratory, Code 6790, Washington,
DC 20375-5320, United States

Studies of magnetic reconnection predicted the gen-
eration of an out-of-the-plane magnetic field compo-
nent (the so-called core field) due to Hall currents
in the vicinity of the x-line. Recent observations of
the quadrupole magnetic structures in the magnetotail
have led credence to these predictions. However, many
details regarding the scales and the magnitude of the
core field remain not completely understood. We have
used a combination of 2D Hall MHD and hybrid (fluid
electron, kinetic ions) simulations of magnetic recon-
nection to address the generation mechanism and the
resulting scales of the core field. We study the evolu-
tion of the system with and without a guide field. We
have also investigated in detail the properties of re-
connection as a function of the extent of the localized
resistivity in all three spatial directions. These results
along with the relevance of our findings to physics of
flux ropes will be discussed.

SM21B-0193 0830h POSTER

Initial value dependence of the tail
current sheet tearing - comparing
between 2- and 3-D
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tkentaro@geo.titech.ac.jp)

Iku Shinohara? (iku@stp.isas.ac.jp)

Masaki Fu_iimoto1 (fujimoto@geo.titech.ac.jp)

1Dept. Barth Planet. Sci., Tokyo Inst. Tech., 2-12-1
Oookayama Meguro, Tokyo 152-8551, Japan

2ISAS, Sagamihara, Kanagawa 229, Japan

We have investigated 1) the two-dimensional Har-
ris type current sheet with an out-of plane magnetic
field and investigated 2) the three-dimensional Harris
current sheet with no out-of-plane magnetic field, both
of which are compared with our previous study. The
parameters of all the categories are set to model the
magneto-tail. First, we review the previous study, in
which how the three key parameters of the initial val-
ues, the ion to electron mass ratio (M), the current
sheet thickness (D), and the current sheet length (Lx)
have the contributions to the magnetic saturation level
at the non-linear stage. We have clarified the existence
of the critical thickness (Dcr) and described the differ-
ence of it corresponding to Lx. The results of investi-
gation 1) showed that i) the magnetic growing time to
the saturation level needs more periods the previous,
that ii) the structure of the current sheet is modified
to be twisted and that iii) a similar relation between D
and M is derived. As for the investigation 2), we anal-
ysed two key parameter sets; (M,D,Lx)=(400,0.5,12)
and (400,0.5,24), which, in the previous study, are not
expected to achieve the enough saturation level. The
results showed that i) a very rapid magnetic growth oc-
curs ( in several ion gyro frequency) in both two cases,
that ii) the temporal progression of the structure is dif-
ferent from Lx=12 and 24, that is alike to the previ-
ous study. We will present you a detail information on
those results and discuss them.

Cite abstracts as:

SM21B-0194 0830h POSTER

Instability At The Leading Edge Of A
Reconnection Jet

Ryoji Tandokorol (81-3-5734-2728;
rtdokoro@geo. titech.ac.jp)
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lDepartment of Earth and Planetary Sciences, Tokyo
Institute of Technology, 2-12-1 Ookayama, Meguro-
ku, Tokyo 152-8551, Japan

Magnetic reconnection is one of the most important
phenomena in space plasma physics, which is consid-
ered to be concerned with large scale energy releasing
processes. Especially, a high-speed plasma jet which
emerges with magnetic reconnection, so called recon-
nection jet, is considered to play an important role in
energetic processes such as plasma particle acceleration
in solar flares. Despite its importance, less attention
than it deserves has been paid to understanding its
dynamics. In this study, we focus on behavior of re-
connection jets by conducting three-dimensional MHD
simulations. In our simulations, initial condition of
the magnetic field is the one-dimensional Harris cur-
rent sheet model. Magnetic reconnection is initiated
by time-independent spatially fixed anomalous resistiv-
ity. We add small perturbations, with their wave num-
ber vectors aligned in the initial current direction, to
plasma pressure and density, and study how the seeds
grow as the reconnection jet develops. Under this con-
dition, numerical results show that the leading portion
of the reconnection jet is deformed into wavy config-
uration and grows into a mushroom-like shape on the
central current sheet plane, that is, the perturbations
are brought up to an unstable state and start to grow
with development of the reconnection jet. In the recon-
nection process, the leading part of a reconnection jet
pushes and compresses the standing plasma ahead of
it, and a strong pressure and density gradient develops
between the reconnection jet and the plasma in front
of the jet. Consequently, in this circumstance, what is
developing at the leading edge of the jet is quite likely
an interchange unstable configuration. A reconnection
jet has more dynamic structure than we have thought.
Indeed an extremely complicated flow pattern emerges
in the later stage of the instability. The unstable lead-
ing part of the reconnection jet may have effects that
have not been considered before. We will also discuss
how the instability behaves in a more realistic situa-
tion, such as in the presence of a non-zero guide field.
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Ion and Electron Dissipation in
Collisionless Slow-Mode Shocks
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in collisionless slow
shocks are examined using one-dimensional hybrid (ki-
netic ions, massless fluid electrons) and full particle
(kinetic ions and electrons) simulations. In the hybrid
code, two types of electron fluid models are used to
determine the electron physics: an adiabatic model,
which uses a scalar electron pressure, and a pressure
tensor model, in which electron quasi-viscous effects
are retained. At moderate oblique angles, the shock
dissipation in both the hybrid and the full particle sim-
ulations is provided primarily by the ions. For very
however, results from hybrid simula-
tions using an adiabatic electron fluid differ from the
full particle results, which indicates that the ion dissi-
pation alone is inadequate to set up the shock, and that
additional electron dissipation is needed. It is seen in
the full particle simulations that at very oblique angles
the large mirror effects result in a significant differ-
ence in the parallel and perpendicular electron pres-
sures with respect to the local magnetic field. While
the electron inertia is negligible, the electron pressure
anisotropy gives rise to finite off-diagonal electron pres-
sure tensor terms. Hybrid simulations including the
electron quasi-viscous dissipation are presented, and it
is concluded that inclusion of electron viscosity is the
key element for providing adequate dissipation in set-
ting up very oblique slow shocks such as those observed
in the distant magnetotail.

Ion and electron dissipation

oblique angles,

Fos.

SM21B-0196 0830h POSTER

Coupling of Waves and Reconnection in
Thin, Collisionless Current Sheets

Ilya Silin! (buechner@linmpi.mpg.de)
Joerg Buechner! (buechner@linmpi.mpg.de)

1 Max-Planck-Institut fuer Aeronomie, Max-Planck-
Str.2, Katlenburg-Lindau 37191, Germany

Using a three-dimensional Vlasov code we investi-
gate the coupling of lower hybrid waves and reconnec-
tion in thin, collisionless current sheets. It appears
that the amplitude of the waves may critically control
the moment of initiation of reconnection, it determines
the mode of reconnection, whether it is essentially two-
dimensional or three-dimensional as well as the recon-
nection rate. Mainly in the case of non-antiparallel re-
connection a transition from regular, well structured,
to patchy reconnection and percolation is possible. We
derive the parameter-dependence of the behaviour of
collisionless reconnection in the presence of waves.
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Interpretation of the Satellite
Observations of Current Sheet
Bifurcation and Flapping
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3 Mathematics and Statistics, University of New Mex-
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States
By performing three-dimensional kinetic simula-

tions of Harris current sheets, we study the structure
of plasma sheet in the Earth’s magnetotail. The cur-
rent sheet is strongly altered by kinking before tearing
modes develop. Kinking explains the satellite obser-
vations of both flapping of the current sheet and cur-
rent bifurcation, which have been detected by ISEE1/2,
Geotail, and Cluster satellites.
and the satellite observations show a remarkable agree-
ment. Reconnection is then triggered by the kinking
of the current sheet. We study how initially localized
reconnection propagates in the current aligned direc-
tion, and how kinetic effects result in different dynam-
ics from those reported by Huba and Rudakov’s using
a Hall-MHD model [Phys. Plasmas 9, 4435 (2002)].

The simulation results
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Bifurcated current sheet : Model,
CLUSTER observations and analysis
of MHD wave propagation

Vincent Genot! (vincent.genot@cesr.fr); Gabriel
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Sauvaud! (sauvaud@cesr.fr); Andre Balogh?
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38pace and Atmospheric Physics, Imperial College,
London SW7 2BZ, United Kingdom

CLUSTER observations have recently confirmed
previous GEOTAIL observations showing that the mag-
netotail current sheet can present a bifurcated struc-
ture with two off-centre current peaks. Such structures
may be described by a kinetic tangential equilibrium
which is an exact solution of the Vlasov-Maxwell equa-
tions. A tangential equilibrium is characterized by a
bulk plasma velocity and magnetic field perpendicular
to the density and/or temperature gradient direction.
The particle distribution functions are described by an
infinite sum of elementary functions parametrized by a
vector potential. The model is consistent with CLUS-
TER observations of a plasma density plateau between
the current peaks and the typical size and amplitude
of the current distribution. Fitting field and density
measurements of the bifurcated current sheets enables
us to characterize the required model particle distribu-
tion functions, which are then compared with CLUS-
TER data.
alyze the propagation of compressive MHD perturba-

Using this semi-analytical model, we an-

tions in a bifurcated plasmasheet by explicitly solving
the linear response of the sheet to an impulsive per-
turbation, as performed in a companion paper [Fruit et

Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-##, 2003.



al.]. Due to the relative homogeneity of the plasma in
the centre of the bifurcated sheet, very low frequency
mode waves are not as quickly damped as in a Harris-
like sheet. We exhibit this behaviour by evaluating the
temporal and spatial variations of the wave absorption
rate in the sheet. These results are finally compared to
CLUSTER data and lead to the suggestion that obser-
vations of very low frequency modes may be interpreted
as MHD perturbations.
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Cluster: Bifurcated Current Sheets and
Substorm Dynamics

Scott M Thompson! (3108251995;
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les, CA 90095, United States

2Imperial College, Department of Physics, London
SW72BZ, United Kingdom

‘We report on the evidence for “bifurcated” current
sheets in the near-Earth plasma sheet and the possible
association of such current sheets with substorm pro-
Recent studies using Cluster data have shown
evidence for current sheets with two current density
peaks rather than a single current density peak as ex-
pected for a Harris-type configuration. We will present
a statistical search for such bifurcated current density
profiles and examine whether such intervals are asso-
ciated with substorm onsets in the near-Earth plasma
sheet. If such bifurcations are associated with onsets,
it is possible a double-peaked current density profile
is evidence for the structuring of the current expected
near a reconnection X-line. As an introduction, a test
of the macroscopic consistency of current densities rel-
ative to changes in the magnetic field will be presented.
We find that the current densities measured with Clus-
ter are often quite reliable.

cesses.

SM21B-0200 0830h POSTER

A Statistical Study of Plasma Sheet
Parameters in Geotail Data and the
LFM MHD Model
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‘We present a comparison of statistical analyses of
flow patterns in the near-earth plasma sheet of the ge-
omagnetic tail, and in the near-earth simulation do-
main of global MHD simulations of the magnetosphere.
To ensure a valid data/model comparison, we include
in the investigation only subsets of both datasets with
similar solar wind input conditions. Statistical earth-
ward flow patterns in the geomagnetic tail have been
interpreted as the return flow of reconnected field lines
in the Dungey convection model of an open magneto-
sphere. A similar statistically averaged flow pattern in
physics-based global MHD models should provide a nec-
essary but not sufficient condition for model validation.
We also investigate trends in other MHD parameters to
test for comparison validity, and attempt to measure in
both datasets the earthward convecting average mass,
momentum, and energy flux through the plasma sheet
as functions of solar wind conditions, geomagnetic ac-
tivity, and convection speed.

Cite abstracts as: Fos.
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Relationships Between the Flux Tube
Volume, Content, Plasma Pressure,
and Density in the Plasma Sheet

Richard L Kaufmann! (603-862-2759;
dick.kaufmann@unh.edu)

William R Paterson?
(paterson@iowasp.physics.uiowa.edu)

Louis A Frank? (frank@iowasp.physics.uiowa.edu)

1University of New Hampshire, Department of
Physics, Durham, NH 03824, United States

2Universiry of Towa, Department of Physics and As-
tronomy, Iowa City, IA 52242, United States

Long-term-averaged data-based models of the mag-
netic field and of many fluid parameters have been cre-
ated within the plasma sheet using eight years of Geo-
tail data. The models are three-dimensional, making it
possible to carry out the integrals that are needed to
determine the volume and plasma content of a unit flux
tube. Contours of constant flux tube volume and con-
tent are compared with contours of the electron and
ion pressures, temperatures, and density at the neu-
tral sheet. Those combinations of the fluid parameters
which are used to examine the long-term-averaged adia-
batic properties of any plasma that remains in a typical
moving flux tube also will be shown.
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Comparative modeling of the
magnetotail ion population for
northward and southward IMF
orientations

Lev M Zelenyil (lzelenyi@iki.rssi.ru)

Vahe Peroomian? (310-825-4114;
vahe@igpp.ucla.edu)

l1Space Research Institute, Profsoynaia Str 84/32,
Moscow 117997, Russian Federation

2UCLA—IGPP, Box 951567, Los Angeles, CA 90095-
1567, United States

We have investigated the mechanisms by which so-
lar wind ions enter the magnetosphere and populate the
magnetotail for northward and southward orientations
of the interplanetary magnetic field (IMF). We have
done so by tracing particle orbits in time-dependent
electric and magnetic fields obtained from a three-
dimensional global magnetohydrodynamic (MHD) sim-
ulation of the magnetosphere which includes both IMF
orientations. We found that during northward IMF,
solar wind ion entry occurs predominantly through the
high-latitude reconnection regions and the dawn side
low-latitude boundary layer. Some ions accelerated in
the reconnection regions gain access to the plasma sheet
at large downtail distances. The population of the
plasma sheet for southward IMF is complicated by the
dynamic nature of the plasma sheet for this IMF orien-
tation. During this time, the MHD simulation contains
an X-line at x ~ -25 Rp downtail. Because of this,
the bulk of the plasma mantle finds itself accessing the
plasma sheet tailward of the x-line and is lost down the
tail. As expected, the plasma mantle is much more ro-
bust in particle content and in spatial extent for south-
ward IMF compared to northward IMF. A new feature,
however, is the population of the near-Earth (earth-
ward of the x-line) plasma sheet by solar wind ions that
are slowed down during their crossing of the magne-
topause. Because of their small tailward drift speed,
these ions are convected into the near-Earth plasma
sheet where they are nonadiabatically accelerated up
to tens of keV in energy.
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The structure of the plasma sheet under
northward IMF

Masaki Fu_iimoto1 (fujimoto@geo.titech.ac.jp)

Toshifumi Mukai2 (mukai@stp.isas.ac.jp)

Susumu Kokubun! (kokubun@geo.titech.ac.jp)

1Dept. Barth Planet. Sci., TITECH,
Ookayama, Meguro, Tokyo 152-8551, Japan
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2Inst. Space and Astronau. Sci., 3-1-1- Yoshinodai,
Sagamihara, Kanagawa 229-8510, Japan

The structure of the plasma sheet under northward
IMF is studied by data from the Geotail spacecraft.
The plasma sheet is known to become cold and dense (T
< 2keV,n > 1 cm™3) during extended northward IMF
periods. We show that such cold-dense ions (CDIs) ap-
pear at |Ygsm | > 10 Re, that is, 10 Re off the tail axis
to both flanks. CDIs on the dawnside have higher tem-
peratures and some reach the upper-limit of 2 keV that
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we use to select CDIs. These CDIs having the high-
est temperature are distributed at the dawnside plasma
sheet inner-edge (R < 15 Re) and is connected to the
hot-dense ions (HDIs: T > 2 keV, n > 1 cm ™ 93) in the
further inner region. A survey shows that HDIs un-
der nominal solar wind dynamic pressure appear mostly
in the dawnside inner-magnetosphere during extended
northward IMF intervals. Both results point to the
idea that HDIs are the inner-magnetosphere extension
of dawnside CDIs, while such a partner to the dusk-
side CDIs cannot be identified. This structure of the
plasma sheet suggests that there is significant dawn-
dusk asymmetry in heating and transport in the mag-
netotail under northward IMF.
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Modeling the Inner Plasma Sheet
Equilibrium.

Victor I Prosolin! ((780) 492-6568;
victorp@space.ualberta.ca)

Igor O Voronkov! ((780) 492-6568;
igor@space.ualberta.ca)
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samson@space.ualberta.ca)

1 University of Alberta, Department of Physics, Uni-
versity of Alberta, Edmonton, AB T6G 2J1, Canada
We present a new numerical algorithm which allows

us to solve the system of nonlinear MHD equations.
The model was applied to the magnetosphere plasma
dynamics in the inner plasma sheet. The objective of
this work was a detailed study of the equilibrium of the
plasma sheet inner edge where magnetic field lines be-
come stretched out from the dipolar to tail-like topol-
ogy. This may result in the formation of the locally
unstable B-min region observed by spacecraft. Here we
present results for two dimensional equilibrium which
includes a balance between pressure gradients and mag-
netic field as it may develop during the growth phase
of magnetospheric substorms. At this stage, the in-
ner edge gradually stretches down the tail. Eventually,
the equilibrium passes a threshold of its stability. We
examine this threshold and compare it with available
spacecraft data.
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Global Analysis of Drift Compressional
Modes

Chris E Crabtreel (949-824-5892; ccrabtree@uci.edu)

Liu Chenl (949-82-3530; liuchen@uci.edu)

1 University of California Irvine, University of Cali-
fornia Irvine Department of Physics & Astronomy
4129 Frederick Reines Hall, Irvine, CA 92697-4575,
United States
The of drift compressional

modes, drift waves dominated by the compressional
component (§B)), is examined using WKB approxima-
tions in the radial direction. This method reduces the
two-dimensional eigenvalue problem to two nested one-
dimensional problems: an integral equation along the
field line and a quantization condition in the radial di-
rection as in Vetoulis and Chen [1996]. Individual flux-
tubes were previously found to be unstable to compres-
sional drift waves in two parameter regimes: (1) when
magnetic guiding center drifts are opposite to the dia-
magnetic drift (wxp/@p < 0) and (2) when the tem-
perature gradient is in the opposite direction to the
density gradient (n = Lpn/Lp < 0). The radial lo-
calization of drift compressional modes is important in
assessing the role these modes play in magnetospheric
substorms and high-3 laboratory devices.

This research was supported in part by an appointment
to the U.S. Department of Energy Fusion Energy Post-
doctoral Research Program administered by the Oak
Ridge Institute for Science and Education

radial localization
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Low Frequency Perturbations in the
Plasmasheet: Resonant Absorption
and Comparison with CLUSTER

Gabriel Fruitl; 1
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P PP
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BUDNIKY Jean-Andre Sauvaudl; Elisabeth
Lucek? Andre Balogh2
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TOULOUSE 31028, France

2The Blackett Laboratory, Imperial College, LON-
DON SW7 2BZ, United Kingdom
We present an analysis of the propagation of com-
pressive MHD perturbations in a plasmasheet (de-
scribed as being an Harris-type sheet). We explicitly
solve the linear response of the plasmasheet to an initial
perturbation by using the Green formalism. Emphasis

AGU, 84(46), Fall Meet. Suppl., Abstract #####-#+#, 2003.
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is made on the continuous eigenmodes of the system
linked to the resonant absorption process. Through this
phenomenon some energy may be tranferred from the
waves to the plasma. Using a quasi-analytical model,
we (1) precisely quantify the amount of energy that
these MHD waves can deposit in the sheet and (2)
evaluate the time and space scales of this transfer.
These results are then compared with CLUSTER ob-
servations. Using a technique of reconstruction of the
signal from actually observed fluctuations, we estimate
the amplitude of the continuous modes and we precise
the role of the resonant absorption mechanism in the
energization of the plasmasheet. This can be consid-
ered as a first step for an observational quantization of
the possible role of this mechanism in natural plasmas.

2003 Fall Meeting
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Observations Of High-Energy Electrons
In The Magnetotail Using The
Rapid-Ies Instrument On Cluster

Jackie Davies! (441235446624; j.a.davies@rl.ac.uk);
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(c.perry@rl.ac.uk); Martin carter’
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2Max Planck Institute for Aeronomy, Postfach 20,
37189 Katlenburg-Lindau, Lindau 37189, Germany

3Imperial College London, The Blackett Laboratory,
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The RAPID instrument on each of the four Cluster
spacecraft comprises both an imaging ion mass spec-
trometer (ITMS) and an imaging electron spectrome-
ter (IES). The latter is capable of detecting electrons
within the energy range of some 40 to 500 keV and,
when operated in burst mode, provides complete an-
gular coverage every 4-second spacecraft spin period.
Such high-energy electrons provide a powerful diagnos-
tic for the acceleration processes associated with mag-
netospheric boundaries and phenomena. A review of
RAPID-IES observations from the majority of the sci-
ence phase of the Cluster mission thus far reveals popu-
lations of energetic electrons associated with the outer
radiation belt, the magnetotail current sheet and in the
region of the magnetopause. Between July and October
2002, the orbit of Cluster was such that near apogee the
spacecraft crossed through the night-side plasma sheet
at large separation (5000 km), covering some 8 hours of
local time from the dawn to the dusk-side flank. Multi-
spacecraft analysis of fluxgate magnetometer (FGM)
data during these current sheet crossings can define
the orientation, thickness and motion of the bound-
ary and provides a strong context for the analysis of
the energetic electron observations. RAPID-IES ob-
servations from a number of tail crossings, interpreted
with reference to the FGM measurements, reveal popu-
lations of energetic electrons associated with incursions
by the spacecraft into the tail current sheet. The three-
dimensional distribution of these electrons show that
the population can be trapped or field-aligned; this we
interpret in terms of proximity to reconnection sites,
and time elapsed since onset.
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Implications of unusual pitch-angle
distributions observed by ISEE-1 and
ISEE-2.

Carlos A. Zuluagal (6175191476; czulull9@bu.edu)
Erik S. Beiser! (6174291245; erikb@bu.edu)
Theodore A Fritzl (6173537446; fritz@bu.edu)

Q.-G. Zong1 (6173537448; zong@bu.edu)

1Center for Space Physics, Boston University, 725
Commonwealth Ave., Boston, Ma 02215, United
States
Unusual energetic particle Pitch Angle Distribu-

tions (PADs) were found on the night side tail of

the earth’s magnetosphere using data collected by the

ISEE-1 and ISEE-2 satellites. The study was carried

out between the hours of 0800-1330 UT on March 3rd,

1979. ISEE-1 was at 3MLT and a radial distance of

15 RE at 1000 UT, when the unusual PADs began to

be observed. The period of the observations shows an

isotropic increase in the energy ranges 22.5-189 keV
for electrons, and 24-142 keV for protons. In the first
electron energy channel (22.5-39 keV), the isotropic in-
crease in the intensity of these particles stops for those
particles with 90-degree pitch angles before those with

Cite abstracts as:

parallel/anti-parallel pitch angles (0-30deg.), produc-
ing the minimum flux at 90 degrees pitch angles. The
resulting PAD is known as a Butterfly PAD. The same
is observed for the proton channels P1 through P4. In
electron channels E2, E3, E4, we observed something
different. Here when the 0-30 pitch angles start to level
off, there was a sudden flux drop in the near perpen-
dicular particles producing also the Butterfly PADs.
In some channels, the drop in flux is over an order
of magnitude. The period for these butterfly distribu-
tions is of about 2 hours in the electron channels, and
2 hours for the protons. After that time period, the
fluxes changed from butterfly PADs to isotropic PADs.
Towards the beginning of the time period studied, we
observe the existence of peaked-at-90 degree, isotropic,
and butterfly PAD occurring respectively in E1, E2, E3
at the same time and location with the only variable
being the respective energy of the electrons being mea-
sured. The observations made by ISEE-2 are somewhat
different than those made by ISEE-1. ISEE-2 does see
a higher flux in the 0-30 degree pitch angles in the pro-
tons only, but the ISEE-2 sensors did not resolve the
PAD as a function of energy and therefore the energy-
integrated PADs are not as clear as those of the ISEE-1
satellite. At 1000 UT, ISEE-2 is at 3.5MLT and a ra-
dial distance of 12 RE. The differences and physical
implications between ISEE-1 and ISEE-2 will be pre-
sented and discussed in detail. During the time period
studied, the geomagnetic conditions were rather quiet,
and LANL geosynchronous satellites observed no sub-
storms.
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In the plasma sheet boundary layer, the plasma den-
sity and the Alfven speed undergo significant variations
in order to satisfy the total pressure balance. The in-
homogeneity of the plasma pressure and magnetic pres-
sure becomes significant near the plasma sheet bound-
ary layer. We have developed a new three-dimensional
MHD wave model that allows for finite plasma pres-
sure. We present the initial results from this numeri-
cal model for MHD wave propagation in hot plasmas.
Based on this time-dependent model, we study the ex-
citation of ULF modes in the magnetotail. We examine
how both shear and fast modes are affected by the plas-
masheet and lobe structure. Our results show that lo-
calized field-aligned currents are strongly excited at the
boundary between the plasma sheet and its surround-
ing regions. We also discuss and compare our results
with observations.
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Regional numerical models of magnetosphere-
ionosphere coupling processes in realistic geomagnetic
field configurations are complicated by the need to
specify (artificial) computational boundaries of the re-
gion of interest and the development of a nonuniform
computational grid for solving the relevant system of
equations describing, for example, MHD wave propa-
gation. These numerical issues become especially cru-
cial when the solution of the model equations varies
rapidly in time and space within the domain of physi-
cal interest and when the boundary surfaces also vary
in time due to the large-scale evolution of the geomag-
netic field. For some classes of dynamical problems in
M-I coupling, it may be beneficial to choose a compu-
tational domain defined by a dynamically evolving flux
tube. In this paper, various approaches to the gener-
ation of dynamically varying computational grids are
considered, and examples of such grids are illustrated
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using magnetic fields generated by a Tsyganenko field
model and a global MHD model of the magnetosphere.
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We present results from a three-dimensional global
model of Shear-Alfvén waves in the Earth magneto-
sphere. In this model, the plasma is described in the
one-fluid ideal MHD approximation and the governing
equations are discretized using finite elements on an
unstructured tetrahedral mesh. Because of the strong
anisotropy that characterizes magnetized plasmas, the
unstructured mesh needs to be aligned along the lo-
cal magnetic field lines. In practice, this implies that
every tetrahedron must have two of its vertices along
the same magnetic field line. Results are first pre-
sented in the linear approximation; that is, for small
amplitude waves with a negligible effect on the back-
ground plasma. The evolution of driven, finite ampli-
tude Shear-Alfvén waves is then considered by solving
the full set of non linear equations. Simulations are
carried for both dipolar, and stretched magnetic field
geometries.
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‘We study statistical properties of turbulent elec-
tromagnetic field artificially generated with power-law
spectra, and discuss the relative importance of adia-
batic and non-adiabatic diffusion in such a field. The
fields are derived from the vector potential in the
Lorentz gauge, with power-law spectrum and random
independant phases. The diffusion process as well as
the particle heating and acceleration are dependent on
the ratio between characteristic scale of the field non-
homogeneity and Larmor radius of particle. The re-
gions where the scale of variations is smaller than the
Larmor radius are those where the heating is overadia-
batic, and the diffusion coefficient can be larger. Thus,
the relative volume of these regions and their topolog-
ical characteristics determine the effectiveness of the
heating process and the transport characteristics. We
evaluate the scaling properties of these regions for dif-
ferent turbulent spectra as a function of the turbulence
spectral index.
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On many occasions the Cluster Wideband (WBD)
experiments, when operating in the 77 kHz mode, have
detected bursts of emissions with primarily vertical
structure extending from the upper frequency limits
down to a few tens of kHz. Simultaneous observa-
tions from the Geotail Plasma Wave Instrument and the
Wind Waves experiment show that those emissions are
low frequency bursts. The high-frequency resolution
and high-time resolution Cluster WBD measurements
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show that for the majority of the observations, the fine
structure is quite similar to that observed for the higher
frequency Auroral Kilometric Radiation. However, for
some observations, the fine structure resembled that
for escaping continuum and kilometric continuum radi-
ation. The different implications for the sources and
propaagation paths of the emissions will be discussed.
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The high resolution Wideband plasma wave receiver
onboard each of the four Cluster spacecraft observes
electrostatic solitary waves throughout much of the 4 x
19 Re Cluster orbit. These solitary waves, when clearly
distinguished from other wave emissions, are generally
in the form of bipolar (one positive peak and one neg-
ative peak) and tripolar (two positive peaks, one neg-
ative peak, or vice versa) pulses. The amplitudes and
time durations of these pulses vary throughout the or-
bit. Using a statistical meaningful set of measurements
from many Cluster orbits, we show that there appears
to be a dependence of the amplitude and time dura-
tion of the solitary waves upon the strength of the local
magnetic field. We discuss explanations for this depen-
dence by interpreting these electrostatic solitary waves
as Bernstein-Greene-Kruskal (BGK) mode phase space
holes and double layers.
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The different levels of description of fluid media
(e.g. MHD, Hall-MHD, bi-fluid,...) are commonly
known under the form of Newtonian systems of equa-
tions. Nevertheless, this form proves to be in general
inconvenient for applying some general mathematical
treatments such as deriving the so-called ”weak (or
wave) turbulence theories” of these media. We show
that the Hamiltonian formalism is the most powerful
mathematical frame for such studies. We therefore look
for Hamiltonian formulations for the different levels of
the fluid description of a plasma, using the variational
principle with the appropriate Lagrangian invariants.
Starting from the bi-fluid system, we show that such
a formulation can be obtained by combining the La-
grangians already used for describing: i) the motion
of a charged particle in an electromagnetic field; ii)
the evolution of an electromagnetic field in presence of
sources; iii) the motion of a neutral fluid (Clebsch vari-
ables). The result is obtained in terms of generalized-
Clebsch variables. Reducing this bi-fluid Hamiltonian
formulation to lower orders of the fluid approximations
is then shown to be mandatory to obtain analytical re-
sults for linear waves and non linear wave-wave cou-
plings. We show how this goal can be reached in two
steps, leading to: i) a ”Reduced Bi-Fluid” system, with
the displacement current neglected and ii) the Hall-
MHD system, with the electron mass neglected. We
show that the only generalized Clebsch variables of each
species are sufficient to describe the full Hall-MHD dy-
namics. Some future applications of such a powerful
formalism are outlined.
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Magnetic turbulence in the magnetosheath certainly
plays an important role in the transfers between the
solar wind and the magnetosphere. A few theoretical
models exist for interpreting the role of the magnetic
fluctuations in these transfers, but experimental con-
straints are now available which can help to decide be-
tween them and allow for new advances. The k-filtering
technique has been designed for analysing the spatial
structure of the electromagnetic field from multi-point
measurements: for each temporal frequency it can pro-
vide a 3-D spectrum in the wave-vector space. Taking
advantage of short CLUSTER separations (100 km ),
we have applied this method to the magnetic Cluster-
STAFF data and present the results obtained in the fre-
quency range about 0.3 - 3 Hz, in the magnetosheath
close to the magnetopause. This frequency range al-
lows to focus on wavelengths that are most generally
larger than the spacecraft separation, avoiding the so-
called spatial aliasing effect. We can exhibit the first
direct determination of the field energy distribution in
the (omega, k) space for this frequency range. More-
over, we show that the energy maxima distribution in
(omega, k) domain is in a good agreement with the pre-
diction of the linear theoretical wave dispersions. Be-
sides this identification of the nature of turbulence from
the point of view of the wave dispersion, a study of the
polarization is also initiated for each energy peak. As
the existing theories for magnetosheath turbulence rely
on assumptions as bi-dimensionality or weak/or strong
wave-wave interactions, we show how the k-filtering
method allows yielding valuable constraints to all these
theoretical issues.
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The Buneman instability is one of the most funda-
mental instabilities that arise along the magnetic field
line, when thermal electrons are accelerated by an ex-
ternal electric field along the ambient magnetic field.
Such electric fields are induced, when the magneto-
sphere undergoes dynamic changes of its structure such
as magnetic reconnection or reconfiguration. We first
assume a stable plasma with thermal electrons and ions
at rest, where the thermal electrons and ions can have
different temperatures as specified by the thermal ve-
locities Ve and Vi, respectively. Under the electric field
imposed along the magnetic field, the thermal electrons
are accelerated to a finite drift velocity Vd relative to
the thermal ions. When the Vd exceeds a critical value,
the Buneman instability sets in to convert the drift
kinetic energy to electrostatic field energy and ther-
mal energies of electrons and ions. As the electrostatic
field grows the electrons are rapidly diffused through
nonlinear trapping motion. We first present a series
of linear dispersion analyses of the Buneman instabil-
ity for various combination of Ve/Vd and Vi/Vd. We
then performed particle simulations starting with a fi-
nite drift velocity Vd and with various initial thermal
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velocities Ve/Vd and Vi/Vd. The nonlinear evolutions
of the instability result in a variety of electrostatic po-
tential structures along the magnetic field line such as
electron holes, ion holes, ion acoustic waves and double
layers. The final state of the nonlinear evolution also
depends on whether the system is uniform with periodic
boundaries or nonuniform with open boundaries.
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Electron acceleration by inertial Alfven waves has
been theoretical suggested for many years. Observa-
tions show that this acceleration process can produce
some of the most intense auroral forms, particularly at
the polar-cap boundary of the night side auroral oval.
This acceleration processes, however are not routinely
distinguished by optical observations. This talk reviews
in-situ electron observations and will describe the dif-
ference in the optical signature from quasi-static ac-
celeration in the upward current region (inverted-V),
pitch angle scattered (diffuse) and dynamic accelerated
(Alfven wave) electrons. From optical perspective it
is hard but not impossible to distinguish the optical
signatures. One of the problems is the life times of
the emissions lines. To routinely analyze the optical
trace of the processes presented above becomes difficult
since most of the time more than one process is active
at the same time. The presentation will focus on the
possibilities to optically observe the dynamics and fine
structure of the electron precipitation caused by Alfven
waves and provides two-dimensional information about
the dynamic processes.
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Most satellite data are essentially point observa-
tions made along the satellite orbital track. Although
reasonable assumptions can be made in many cases,
fundamentally, one cannot differentiate between spatial
and temporal structures. To overcome this shortcom-
ing we recorded video images of the aurora conjugate
to the FAST satellite from an instrumented jet aircraft.
A total of 29 flights were made during Moon-down peri-
ods in January and February of 1997 and 1998. In each
flight the aircraft was flown along the FAST satellite
path such that the aurora of interest would be in the
magnetic zenith at the time of the pass. A variety of
aurorae were encountered between 20 and 23 MLT. We
present the main findings from our analysis of these
conjunctions. The auroral luminosity measured by the
cameras corresponds well with the precipitating energy
flux measured by FAST. In the discrete aurora the lu-
minosity is accounted for by energetic electrons, but
in the diffuse (evening) aurora equatorward of the di
crete arcs proton precipitation can contribute signifi-
cantly. In relatively quiet multiple arcs, the observed
orientation of the arcs agree well with the orientation of
the field-aligned current sheets derived from the FAST
magnetometer data implying that the currents repre-
sent the arc morphology. In dynamic aurora the geom-
etry of the current sheets are more complicated and the
relationship does not hold. Complicated electron dis-
tribution functions and field measurements are also ob-
served as arcs change morphology and propagate west-
ward. There is a current threshold (at 100 km altitude)

of approximately 2.2 pA/m2 in field-aligned current
density for the formation of large spirals as for example
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