res

tivity in the LRP region and showed that it has
a very small effect on Bj| (< few %) and that By is
determined primarily by the velocity-space anisotropy
and pressure gradient terms in the momentum balance
equation. A similar analysis is in process for an upward
auroral-current region.
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Previous 1-D Vlasov simulations have shown that
strong laminar double layers can form self-consistently
in a current-carrying equipotential plasma at the loca-
tion of an initially weak charge-neutral density pertur-
bation. The electric fields associated with these sim-
ulated double layers correspond well with FAST satel-
lite observations in the downward current region of the
auroral ionosphere. Such double layers are considered
as special cases of a more general class of structures
referred to as transition layers, which can be turbulent
as well as laminar. New Vlasov simulation studies
show that properties of current-driven transition lay-
ers, such as their rate of formation and susceptibility
to disruption, depend on characteristics of the incom-
ing electron distribution on the high-potential (magne-
tospheric) side. In particular, an isotropic halo distri-
bution can facilitate formation and stability of laminar
double layers. Further extension into a second spatial
dimension (using a moment-based algorithm for the ion
dynamics perpendicular to B) show how the structure
of electron phase-space holes generated on the high-
potential side of the transition layer differ in the turbu-
lent and laminar regimes. The 2-D simulations also re-
veal differences in the transverse structure of transition
layers for opposite limits of ion magnetization. These
simulation results will be discussed in the context of
recent satellite observations. Research supported by
NSF, NASA, and DOE.
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Magnetospheric solitary waves, also known as weak
double layers, were first observed in the auroral accel-
eration region by $3-3, and have since been observed in
many regions of the magnetosphere by other spacecraft.
‘We will present results from a statistical study of soli-
tary waves using Polar spacecraft data. Solitary waves
in this study are found using high-time resolution burst
mode data from Polar’s electric field instrument (EFI),
though some particle data will be presented as well.
The spatial distribution of the solitary waves through-
out Polar’s orbit will be presented. The solitary wave

characteristics shown will focus on ion solitary waves
in the low altitude (~ 2Rp geocentric) portion of Po-
lar’s orbit where the orbit crosses auroral field lines.
Some electron solitary wave results from both the low
and high altitude portions of Polar’s orbit will be in-
cluded as well. Solitary wave results that will be pre-
sented include speed, potential amplitude, net poten-
tial drop, and scale size. Comparisons will be made
with other observational studies, including studies of
FAST spacecraft data, and with theoretical and com-
putational studies.
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We conducted particle in cell simulations of plasma

distributions similar to those resulting from double lay-
ers. These cold electron-beam distribution functions
rapidly produce electron holes, which are a common
occurrence and their structure is fairly well under-
stood. However, it remains unclear whether electron
holes are merely interesting plasma phenomena, indica-
tive of a turbulent environment, or they play a crit-
ical role in the flow of energy and momentum in the
magnetosphere-ionosphere system. We analyzed the
possibility that the generation of electron holes induces
a parallel resistivity. These simulations show that cold
electron beams produce strong anomalous resistivity
that should influence the development of current sys-
tems anywhere double layers or cold beams form. For
example, electron hole resistivity could account for par-
allel potential drops of the order of hundreds of eV
in the auroral downward current region, or provide
anomalous diffusion across the magnetopause bound-
ary. To study the parameter dependency of this resis-
tivity, we conducted over 100 2-D PIC simulations and
find that the relative beam density plays the largest
role in the magnitude of anomalous resistivity.
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First results are reported from a project to study by
experiments and theory a potentially important mech-
anism for electromagnetic radiation from space, Double
Layer Radiation (DLR). This type of radiation is pro-
posed to come from DL-associated, spatially localized
high frequency (hf) spikes [Gunell et al.,1996; McFar-
land and Wong,1998] which are driven by the electron
beam on the high-potential side of the double layer.
It is known, but only qualitatively, from laboratory
experiments that double layers radiate in the electro-
magnetic spectrum. These laboratory experiments were
made in the 1990’s by Volwerk and Lindberg using mag-
netic pickup coils to measure the electromagnetic ra-
diation from double layers in mercury plasma. The
spectrum was found to contain characteristic peaks at
the electron gyrofrequency, electron plasma frequency,
combinations of the two, and frequencies that might
be apparatus-dependent. No clear theoretical model
emerged from these investigations, and no absolute cal-
ibration of the radiation strength could be obtained.
The quantitative evaluation of these measurements is
complicated because they were made in the near field of
the radiating structure and in the vicinity of conduct-
ing laboratory hardware that distorts the field. The
situation is further complicated because the localized
electrostatic wavelengths (approx. 1 cm) can be rela-
tively small compared to the emitted electromagnetic
wavelengths (e.g. 50 cm at 600 MHz, a typical plasma
frequency). The alternate explanation, that the radia-
tion might arise directly from the acceleration experi-
enced by single charged particles in the double layer,
was outlined by Kuijpers et al. in 1997, but the details
of the theory were not provided. In 1986, Borovsky
proposed a DLR mechanism for explaining the radia-
tion from current-carrying arms (up to 10E17 amperes)
of double radio galaxies. The electromagnetic radiation
mechanism was compared to that of a free-electron laser
but he described it only schematically. We intend to
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investigate both the statistical occurrence of hf spikes
and the influence of the DL-field-aligned density pro-
file on hf-spike formation in an attempt to interrelate
the roles of self-organization of the density profile, ion-
ization and loss, and the ponderomotive force of the hf
spike.
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The parallel electric field (EH) that develops dur-
ing magnetic reconnection controls the acceleration of
particles and is required for the frozen-in condition to
be broken. The structure of this parallel field is par-
ticularly important in cases with a guide field, where
the demagnetization of electrons is not important and
the region where E” # 0 defines the electron dissipa-
tion region. Earlier theoretical models suggested that
B|| was non-zero over a scale length ps perpendicu-
lar to B, ps being the ion Larmor radius based on the
sound speed. We have carried out full particle simu-
lations that demonstrate that the transverse extent of
the region where E” # 0 is instead the electron scale.
Analytic analysis indicates specifically that the scale
length is the electron Larmor radius based on an effec-
tive electron temperature that is a hybrid of Te and
T;. The canting of the current layer during guide-field
reconnection has now been widely observed [1]. The re-
gion where E” # 0 can extend significantly away from

the x-line proper but only along the separatrix with
weak current, which corresponds to an extended density
cavity [1,2]. E‘ does not simply appear as a uniform
field along this separatrix. Even in 2-D simulations EH
breaks into bipolar structures that are reminiscent of
the electron-holes seen in earlier 3-D simulations and
seen in the satellite observations. The maximum en-
ergy of electrons at the x-line appears to correlate with
the length of the region where EH # 0.

1. M. Tanaka, Phys. Plasmas 3, 4010, 1996.

2. P. L. Pritchett and F. V. Coroniti, J. Geophys. Res.
109, A010220, 2004.
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Global ultraviolet auroral images from the IMAGE
satellite are used to investigate the response of the day-
side auroral oval to a sudden impulse (SI) in the solar
wind pressure. The observations are supplemented by
the TV all-sky camera images over Svalbard in the pre-
non sector. We show that after the SI, new discrete
auroral forms appear in the poleward part of the auro-
ral oval so that the middle of the dayside oval moves
poleward from about 70 to about 73 deg. AACGM lati-
tude. This poleward shift started in the 15 MLT sector,
then similar shift was observed in the MLT sectors lo-
cated more westerly, and eventually the shift was seen
in the 6 MLT sector. Thus, the auroral disturbance
”propagates” westward (from 15 MLT to 6 MLT) at
an apparent speed of the order of 7 km/s. We show
that the above auroral disturbances are associated with
the westward propagating convection vortex as inferred
from the global convection maps produced by the Su-
perDARN HF radars. The poleward boundary of the
auroral oval did not show any prominent motion asso-
ciated with the SI. The optical and radar observations
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can be interpreted in terms of the pressure disturbance
propagation through the magnetosphere at a velocity
of the order of 200 km/s that is essentially slower than
a magnetosonic (fast Alfvén) wave, and generation of
a potential (curl-free) electric field in the wake of the
disturbance. We suggest that the interchange instabil-
ity is a possible reason for the development of discrete
dayside auroral forms after the SI. We discuss the rea-
sons for the slow propagation speed of the disturbance
and for a vortex-like convection pattern associated with
the auroral motions.
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Using three-dimensional MHD simulations, we fur-
ther investigate stability and dynamical properties of
the magnetotail current sheet. We compare the effects
of localized entropy depletions in 2-D and 3-D models
and investigate the role of the entropy distribution in
ideal MHD stability. We also investigate the mecha-
nisms that may couple the dynamically evolving flux
tubes with near-Earth effects.
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In order to understand the structure of an MHD-
scale Kelvin-Helmholtz (K-H) vortex universally, mag-
netic reconnection triggered by the vortex flow must
not be neglected. To study the nature of magnetic re-
connection within the MHD-scale K-H vortex, we have
performed two-dimensional two-fluid simulations con-
sidering finite electron inertial effects. In the two-fluid
system, magnetic reconnection occurs spontaneously by
electron inertial effects. An MHD-scale velocity shear
between the two regions is set up and evolution of
MHD-scale K-H mode is followed. The K-H vortex can
grow up to a highly rolling-up stage when the shaer
is strong enough to overcome the stability effect of in-
the-plane magnetic field component. In the non-linear
state, the magnetic field lines are stretched into an
anti-parallel geometry, and then magnetic reconnection
occurs within the vortex. First, we have simulated ba-
sic cases where the magnetic field has only in-the-plane
component with the uniform density. Particularly, we
focus on two cases in which in-the-plane component is
parallel between two regions and in-the-plane compo-
nent is anti-parallel. We observe that magnetic recon-
nection in the flow of the highly rolled-up vortex oc-
curs in both cases. Then, numerous magnetic islands
are formed within the vortex by reconnection and the
flow pattern of the vortex is destroyed. Only in the
anti-parallel case, magnetic reconnection occurs even
when the vortex does not highly roll-up. Furthermore,
when in-the-plane magnetic intensity is extremely dif-
ferent between two regions, we observe the magnetic is-
lands to be injected into the side with the weaker field.
On the basis of these results, we have simulated cases
with the LLBL like geometry in a two-dimensional two-
fluid system. The density gradient between two sides
of the shear layer and the out-of-the-plane magnetic
field component are set up. In the LLBL like situation,
magnetic reconnection in the flow of the MHD-scale K-
H vortex occurs and essential features stay the same as
the basic cases.
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The Petschek’s reconnection model involves two
pairs of slow shocks that play the role of accelerating
plasma by reducing the magnetic field. There have been
some observational evidences for the existence of slow
shocks in the Earth’s magnetotail where the plasma
beta is usually low. For plasmas in strong magnetic
field, the thermal pressure is found to display the gy-
rotropic form with two distinct pressure components

parallel and perpendicular to the local magnetic field.
In this study, the structure of slow shocks is examined
based on the anisotropic MHD model for which the en-
ergy closure is of the double-polytropic laws (Hau and
Sonnerup, 1993). In particular, slow shocks are formed
through the evolution of a tangential discontinuity cur-
rent sheet initiated by the presence of magnetic normal
field. The results are compared with those obtained
from the isotropic MHD model.
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We present a study of the time scales for energy release
in 2D Hall magnetic reconnection. We use the NRL Hall
MHD code VooDoo for this study. We consider a 2D re-
versed field current layer with a magnetic perturbation
that initiates the reconnection process. We use bound-
ary conditions that allow inflow and outflow (i.e., not
periodic) and let the system reach a steady state. We
find that the system goes through three stages: a rela-
tively long current layer thinning process, a fast recon-
nection phase, and a final steady state phase. We define
the time scale for energy release as the fast reconnec-
tion period: Preliminary
results indicate that the time for energy release scales

from onset to steady state.

as the initial thickness of the current layer. We apply
these results to the magnetotail and magnetopause.

Research supported by NASA and ONR.
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Reconnection is a process ubiquitous to plasmas
which plays a very important role in the dynamics of
the Earth’s magnetosphere, allowing solar wind and
magnetospheric plasma to mix, and releasing large
amounts of magnetic energy in the tail during a sub-
storm. Recently, much progress has been made on un-
derstanding how fast reconnection rates consistent with
those inferred from observations can occur. However,
these previous studies were limited to highly idealized
systems lacking many properties ever-present in the
magnetosphere: asymmetries acrosss the current sheet,
equilibrium shear
in the plasma. In
this paper, we will present initial results on the scaling
of the reconnection rate in these complicated systems
and discuss which aspects most strongly affect the re-
connection rate.

equilibrium normal magnetic field

flows, and multiple charged specie
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Particles enter the magnetosphere through trans-
port processes which occur near the magnetopause.

It has been estimated that the transport coefficient

must be D ~ 109m2/s in order to maintain a quasi-
steady plasma density gradient at the magnetopause.
There are two main candidate mechanisms for produc-
ing this transport: direct entry along reconnected field
lines and particle transport via wave-particle interac-
tions. Most of the observed wave energy is at frequen-
cies below the ion cyclotron frequency and the low fre-
quency transverse wave are almost always observed dur-
ing magnetopause crossings. When there is large mag-
netic shear (southward IMF) across the magnetopause,
the magnetic reconnection rate is expected to be faster
and the transverse wave amplitude is observed to be

larger. A larger reconnection rate would imply a faster
particle entry into the magnetosphere from the mag-
netosheath. It has also been shown that larger ampli-
tude kinetic Alfven waves with wavelength the order
of ion gyroradii can cause stochastic particle transport
leading to magnetosheath ion entry across the magne-
topause with D ~ 10911\2/5. ‘We will discuss the rela-
tive importance of these two mechanisms for producing
plasma transport aross the magnetopause.
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The magnetopause is a principal boundary divid-
ing the magnetospheric and solar wind plasmas and
magnetic fields. At low latitudes, one can identify the
low-latitude boundary layer (LLBL) on the magneto-
spheric side and rather often a depletion layer on the
magnetosheath side of the magnetopause. A thickness
of these layers varies from 0.2 to 1 Earth’s radius but
several examples of a very thick LLBL have been re-
ported in flank parts of the magnetopause. Plasma
parameters inside the LLBL are variable, the space-
craft usually observes a mixture of magnetosheath and
plasma sheet plasmas. Several mechanisms including
intermittent reconnection, impulsive penetration, and
Kelvin-Helmholtz instability have been proposed to ex-
plain this phenomenon. We are using the INTERBALL-
1/MAGION-4 satellite pair separated by several thou-
sands of kilometers in order to distinguish between spa-
tial and temporal changes. The observation of LLBL
crossings invoked by sudden changes of upstream con-
ditions during strongly northward IMF, shows that (1)
even very complicated temporal profile measured by
one satellite can be explained in terms of surface waves,
(2) the LLBL thickness is a rising function of the so-
lar wind dynamic pressure, and (3) the most proba-
ble source of a magnetosheath-like plasma in the flank
LLBL is reconnection in the cusp region.
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Several recent studies have suggested that the so-
lar wind sometimes contains number density variations
at periodic, repeatable intervals. As these number den-
sity variations interact with the Earth, they alternately
compress and expand the magnetosphere, leading to
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