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into this downstream shadow region since to get there
they must pass close by the Sun where they have a high
probability of being ionized and swept out with the so-
lar wind.
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The strength and direction of the interstellar mag-
netic field (ISMF) in the Local Interstellar Cloud (LIC)
have not been directly measured and remain the less
known parameters affecting the interaction of the solar
wind (SW) with the local interstellar medium (LISM).
The values as small as ~ 1.5 uG are consistent with the
observations of the pulsar dispersion and rotation mea-
sures, whereas the estimates of the heliospheric confine-
ment pressure yield the upper limit of Boo ~ 3 — 4 uG.
The latter values are derived assuming that ISMF is di-
rected perpendicular to the LISM velocity vector Voo
with respect to the Sun. We analyze the consequences
of the SW encounter with LISM possessing magnetic
fields in a wide range of strengths and directions. Both
axisymmetric (Boo || Voo) and 3D configurations are
considered. It is shown that the topology of the bow
shock strongly depends on its being fast or slow. Spe-
cial attention is given to slow bow shocks in the quasi-
field-aligned cases, where their existence is stipulated
by charge exchange processes in the upstream region.
The comparison of theoretical results predicted in this
case by our model with the Hubble Space Telescope
measurements showed very good agreement. Thus,
stronger magnetic fields, which are necessary to sat-
isfy the general equilibrium between the Local Bubble
and LIC gases, cannot be excluded from consideration.
Fields of such strengths are involved in the model of
the LIC origin due to Cox & Helenius (2003). We also
analyze various superfast cases, including those where
fast parallel shocks cannot exist, while switch-on shocks
should be excluded in the presence of certain symme-
try restrictions. This usually results in the appearance
of additional discontinuities between the bow shock and
the heliopause. We show that this scenario is not neces-
sarily valid if the interplanetary magnetic field is taken
into account. In this case the ISMF lines exhibit com-
plex three-dimensional topology, which may influence
the general picture of the cosmic ray diffusion into the
heliosphere. Regimes are also investigated, where Bag
is nearly perpendicular to Vao. They are accompanied
by the reconnection of the interplanetary and interstel-
lar magnetic field lines and reveal stronger dependence
on the ISMF strength than in field-aligned cases.
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More than 300 solar electron bursts have been ob-
served at energies below 1.4 keV by the SWEPAM
experiment on ACE. All of these bursts are strongly
beamed outward along the heliospheric magnetic field.
In addition, a backscattered component is also com-
monly present. A large fraction of these bursts are
closely associated with type III radio bursts that extend
down in frequency close to the local plasma frequency.
Electron burst durations range from about 1 to greater
than 30 hrs. Burst beam intensity-time profiles below
1.4 keV usually are relatively smooth and structure-
less at all energies, although notable exceptions to this
rule occur. In contrast, impulsive solar energetic ion
events commonly contain significant dispersionless (in
energy) temporal structure. That structure has been
interpreted as evidence that heliospheric field lines are
commonly braided and that the ion acceleration site at
the Sun is spatially localized. One possible interpre-
tation of the SWEPAM electron measurements is that
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the electron burst acceleration sites typically are con-
siderably less spatially localized than are the impulsive
ion acceleration sites.
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A full particle electromagnetic code in the Darwin
approximation is used to investigate the dynamics of
the electrons in a fast magnetosonic shock. We as-
sume a perpendicular geometry where x points into
the shock and the electromagnetic field structure is
E = (Eg, Ey,()) and B = (0,0, Bz). The 1D3V code
has open boundaries with upstream and downstream
particles traversing the left and right boundaries, re-
spectively, while the shock structure remains in the
simulation box. Two shock strengths are considered,
including a near critical shock with alfvenic Mach num-
ber Mg ~ 2 and a supercritical shock with Mg ~ 3—
4. The simulation is initiated by loading the particles
according to profiles modeled from conservation laws
(Rankine-Hugoniot). Particles and fields are then left
to evolve and, once the ion dynamics develops, a self-
consistent shock structure forms. Importantly, due to
the partial decoupling of ions and electrons which oc-
curs in the magnetic ramp, the electrostatic field Eg
builds up a large spike whose role is to slow down the
ions. In the supercritical case a significant fraction of
ions are reflected and accumulate in the foot, which
leads to the process of cyclical shock reformation. We
record the trajectories of selected electrons in order to
analyse their behavior in the cross field structure of the
ramp. We specially look for a possible “superadiabatic
heating”, a process described by previous authors [Ba-
likhin and Gedalin (1994); Ball and Galloway (1998)].
The latter is expected to occur for extreme cases where
the gradient of the electrostatic potential, which re-
flects the ions, is so strong that the electrons are accel-
erated across a large fraction of the ramp during one
cyclotron gyration. The required potential difference
across the ramp 8¢™ depends upon its half width A,
namely e6¢* /mv2 ~ (0.2/B¢) (A/Xe)?(r+1)2. Here,
Xe is the electron inertia length ¢/wpe and r is the
compression ratio. Our study improves upon the above
mentioned works in the sense that we use profiles of the
electromagnetic fields that are self-consistently built
instead of just adhoc profiles.
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In quasi-perpendicular shocks with a Mach num-
ber below the whistler critical Mach number My, the
whistler precursor wave train is an essential part of the
shock. Mgy, depends on the magnetic field - shock nor-
mal angle © g, and on the ion to electron mass ra-
tio. It has been proposed that above My, nonlinear
wave steepening of the upstream whistler cannot be
balanced anymore by dispersion and dissipation, and
that this leads to shock nonstationarity. Full particle
(PIC) simulations of shocks above the whistler critical
Mach number with a reduced ion to electron mass ra-
tio have indeed resulted in shock nonstationarity. We
present PIC simulations of collisionless shocks over a
wide range of ©® g,, and Mach number with the real-
stic ion to electron mass ratio. It will be shown that
the modified two-stream instability (MTSI) between in-
cident solar wind electrons and incident and reflected
solar wind ions occurs in the foot of the shock and leads
to a considerable modification of the shock structure.
This has consequences for the nonstationarity, for the
various lenghth scales, and for the reflection rate of
the specularly reflected ions. Simulations with an ion
to electron mass ratio of about 400 or less cannot show
these processes, since the growth rate of the MTSI de-
pends strongly on mass ratio.
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We study the onset of collisionless magnetic recon-
nection by performing kinetic simulations of Harris cur-
rent sheets. Simulations of two-dimensional systems
show that the saturation level of the tearing mode is
very low if no initial perturbation is added. Two-
dimensional simulations in the current aligned plane
show the development of the fastest lower-hybrid drift
instabilities on the electron gyroscale, followed by elec-
tromagnetic modes with wavelengths intermediate be-
tween the ion and the electron gyroscale and, finally,
the velocity shear (non-linear consequence of the lower-
hybrid modes) triggers a flapping mode that kinks the
current sheet. Finally, we perform three-dimensional
simulations to investigate the effect of the current
aligned modes on the onset of the reconnection process.
The simulations are performed with CELESTE3D, an
implicit PIC suitable for large scale and high mass ra-
tio simulations, and with a massively parallel explicit
PIC code able to study in more detail the microphysical
processes.
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We present kinetic simulations of collisionless mag-
netic reconnection in Harris current sheets. We sim-
ulate plasmas with different 8 values by varying the
guide fields: high guide field correspond to low 3. For
all values of 8 > me/m;, fast reconnection is made
possible by the separation of the electron and ion dy-
namics in the reconnection region. The primary mech-
anism that relaxes the frozen-in conditions is given by
the non-gyrotropic electron pressure terms for all the
guide fields considered. The reconnection rate is then
enhanced by the Whistler dynamics in high 8 plasmas
and by the Kinetic Alfvén Waves dynamics in lower 3
plasmas. In the latter case, the ion sound radius takes
the place of the ion inertial length as the length scale
of interest. The guide field diminishes the reconnection
rate and decreases the reconnection saturation level.
The ion and electron flow pattern, acceleration, and
heating are strongly influenced by the guide field. The
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simulations are also preliminary to a closer comparison
with the results of the Reconnection Scaling eXperi-
ment (RSX) at Los Alamos National Laboratory, which
allows one to study plasmas with different 3 values.
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One of the controversial issues regarding magnetic
reconnection at the dayside magnetopause is the loca-
tion where reconnection first occurs during periods of a
large interplanetary magnetic field By. The question is
whether magnetic reconnection can occur in locations
where the field is not exactly anti-parallel. Nonlinear
theory of the collisionless tearing mode predicts that
in the presence of a guide field the instability saturates
at too small amplitudes to be of any relevance at the
magnetopause. Our recent linear theory analysis shows
that the growth rate of the collisionless tearing mode
remains significant even in the presence of a large guide
field. This would indicate the possibility of both com-
ponent and anti-parallel merging. However, aside from
sizeable linear growth, the tearing mode must saturate
at sufficiently large amplitude if it is to be a viable
mechanism for reconnection at the magnetopause. To
this end, we have performed a series of full particle
simulations to address the nonlinear saturation of the
tearing instability both in the presence and in the ab-
sence of the guide field. These simulations are the first
of their kind and were performed for large mass ratios
and with very high resolution in order to address the
saturation problem. Our results show major deviations
from previous studies of both anti-parallel and compo-
nent merging scenarios. The results of these simula-
tions and their implications for the magnetopause will
be presented.
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Although the tearing instability has been the sub-
ject of extensive research, the approximations typi-
cally employed are less accurate for current sheets with
thickness comparable to a thermal ion gyroradius. In
this work, the linear Vlasov stability of a Harris sheet
with an arbitrary guide field is calculated using a
formally exact approach in which the orbit integrals
are computed numericallyl. Both electromagnetic and
electrostatic contributions to the field perturbation are
included and the eigenvalue problem for the resulting
system of integro-differential equations is solved using
a finite element representation of the eigenfunction. In
addition, the calculation includes a finite wavevector in
the direction of the current to examine the linear prop-
erties of the obliquely propagating drift tearing modes.
The growth rate and mode structure are computed for a
range of interesting parameters and the results are com-
pared with previous linear calculations. Significant dif-
ferences are found between these new linear results and
previous theoretical treatments. For example the reso-
nant ion contribution, which has been neglected in pre-
vious calculations, is found to significantly modify the
linear properties of the mode in certain regimes. Given
that the linear growth rate is critical in the debate over
the location of reconnection at the magnetopause, these
new findings point to the need to revisit previous stud-
ies of the tearing mode at the magnetopause.
1 W. Daughton, Physics of Plasmas 10, 3103 (2003)
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How does the temperature rise to millions of de-
grees in the corona from under 6000 K at the photo-
sphere? We investigate the role of magnetohydrody-
namic (MHD) waves in heating the solar atmosphere.
Evergreen students and faculty work with HAO-NCAR
on complementary theoretical calculations and analy-
sis of observational and numerical data. Analysis of
UV continuum from the SOHO/SUMER satellite re-
veals that pressure (p-) modes lose power with altitude.
‘We show how the oscillation frequency spectrum varies
with magnetic field strength. Energy flux analysis of
3D MHD data reveals that p-modes excite Alfvenic and
magnetosonic waves. These modes can carry energy
into the chromosphere, where field line reconnection
may drive Joule heating. Analytic solutions of the wave
equation in twisted and sheared magnetic field geome-
tries may shed light on mode transformations. Taken
together, these analyses may help solve the mystery of
anomalous coronal heating.

URL: http://academic.evergreen.edu/z/zita/
research.htm
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A novel 3-D numerical scheme is developed to inves-
tigate nonlinear plasma processes in collisionless plas-
mas. In this model, electron particle dynamics is han-
dled by the gyrokinetic (GK) equations, and the ions
are treated as fully kinetic (FK) particles. The code
is designed as a reduced model to the existing full-
particle codes. Due to disparate temporal and spatial
scales between electrons and ions, full-particle codes
have to employ either unrealistically high electron-to-
ion mass ratio, me/m;, or length of simulation do-
main limited to a few ion Larmor radii, or/and time
much less than the global Alfven time scale in order
to accommodate available computing resources. In our
new model, the rapid electron cyclotron motion is re-
moved, while keeping realistic mass ratio me/m;, fi-
nite electron Larmor radii, wave-particle interactions,
and off-diagonal components of electron pressure ten-
sor. Such a model is particularly adequate to prob-
lems in which wave modes ranging from Alfven waves
to lower-hybrid/whistler waves need to be handled on
equal footing. As an example, the code can be applied
to magnetic reconnection with a finite guide magnetic
field. The simulation model allows quasi-neutrality as-
sumption, which leads to the suppression of high fre-
quency electron plasma oscillations. The computation
power can thus be significantly improved, and both col-
lisionless physics at the reconnection X-line and that in
the global scale can be included self-consistently at the
same time. As a first step, the numerical calculation
is benchmarked by comparison with theoretical anal-
ysis based on the linearized GK-electron and FK-ion
equations. In this study, we present the fundamental
equations of the scheme and the linear mode analysis
based on the dispersion relation. Comparison is made
between the numerical and analytical solutions, and be-
tween the normal mode solutions based on this model
with GK-electron and FK-ions and various other known
theoretical analyses.
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We use a 2-dimensional hybrid code (fluid electrons
and particle ions) to simulate a magnetic reconnection
and include the effects of heavy ions. The time evo-
lution of the Harris plasma sheet is examined under
nearly the same initial conditions as those of the GEM
Magnetic Reconnection Challenge project with heavy
ions included. We find that distribution of the heavy
ions is different from that of protons in both real space
and velocity space after the reconnection occurs. In
real space, the density ratio of heavy ions to protons
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is higher in the vicinity of the reconnection region.
In velocity space, distribution function of protons has
double peak structure. As they are ejected, protons
are heated and thermalized. It is found that minor-
ity heavy ions gain kinetic energy in the direction per-
pendicular to the simulation plane in the reconnection
region.
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Although the magnetic configuration of the tail cur-
rent sheet in the moments before reconnection is of
considerable interest, many fundamental observational
questions remain. What does the large-scale structure
typically look like? How thick is the sheet? Is it bifur-
cated? What bulk wavemodes are active, and at what
amplitude? Cluster observations, when combined with
multipoint analysis techniques, offer the opportunity
to observationally resolve some of these questions. We
present an analysis technique that we use to first solve
for the local normal vector to the current sheet at each
data point, and then to identify the presence and wave-
mode of large-scale bulk wave modes (e.g. kink modes).
We then take this motion into account when recon-
structing the large-scale structure of the sheet from
the measurements. We apply these techniques to Clus-
ter observations of the tail current sheet before a sub-
storm on the 11th of October, 2001. At the Cluster
location 19 Re downtail, we find large-amplitude kink-
mode waves that are propagating duskward in the min-
utes before reconnection onset.
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The study of self-organization (SO) and its rela-
tion with turbulence is a subject at the forefront of
astrophysics and space research, and in particular, it
may have relevance in the behavior of the magneto-
spheric environment. We will study the intermittent
energy dissipation in a simple plasma models of a cur-
rent sheet induced by a localized instability with a
hysteretic dissipation loop. The multi-state behavior
present in this model seems to occur naturally in com-
plex systems, and is of particular relevance for the exis-
tence of a out-of-equilibrium globally stable state with
underlying turbulent behavior. The complex behavior
of this system will be studied using the techniques that
are being developed for spatio-temporal chaotic dynam-
ics. In the case of the magnetotail, this self-organized
state [Chang 1998] is necessary to bridge the two seem-
ingly contradicting observations. While the magneto-
tail plasma sheet appears to be a dynamic and turbu-
lent region [Borovsky et al., 1997], the magnetotail ac-
tivity seems to be predictable [Vassiliadis et al., 1995],
repeatable and globally coherent [Baker et al., 1998] as
characterized by its different phases.
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Vlasov simulations of the current-driven ion-
acoustic instability produced in Maxwellian and non-
Maxwellian (Lorentzian, x = 2) electron-ion plasma
with number density 7 x 106 cm =3
tio m; /me = 25 and electron to ion temperature ratio
Te/T; = 1 are presented and compared. A concise sta-
bility analysis of current-driven ion-acoustic waves in
Maxwellian and non-Maxwellian plasmas modeled by
generalized Lorentzian distribution function with in-
dex 2 < k < 7 and electron to ion temperature ra-
tio, 1 < Te/T; < 100 is also presented. The ion-
acoustic instability is excited in low temperature ratio
Lorentzian (k = 2) plasma for lower absolute electron
drift velocity (up to half the critical electron drift ve-
locity of a Maxwellian). The anomalous resistivity re-
sulting from ion acoustic waves in a Lorentzian plasma
is a strong function of the electron drift velocity, and in
the work presented here varies by a factor of ~ 100 for a
1.5 increase in the electron drift velocity. Furthermore,
ion-acoustic anomalous resistivity is excited for elec-
tron drift velocities that would be stable for Maxwellian
plasmas. The magnitude of resistivity which can be
generated by unstable ion-acoustic waves maybe impor-
tant for magnetic reconnection at the magnetopause.

, reduced mass ra-
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Observations in space plasmas and laboratory plas-
mas show reconnection is a three-dimensional dynam-
ical process occurring often in a patchy and sporadic
manner involving the energization of charged parti-
cles and fluctuations of magnetic and velocity fields.
However most traditional reconnection models describe
large scale, quasi-steady processes occurring in a spe-
cific, two-dimensional configuration. In active cosmic
plasma regions, the nonlinear conversion of fast mode
waves to shear Alfven waves is an important physical
process. For example, during the impinging of fast
mode wave packets on a current sheet at the mag-
netopause or in the magnetotail, the fast mode wave
packets can be nonlinearly converted into shear Alfvén
wave packets. In this process, the localized breakdown
of the frozen-in condition is a consequence of the in-
teraction between the fast mode wave packets and the
current sheet. It is also a necessary condition for fur-
ther irreversible nonlinear evolution of the MHD wave
packets. Nonlinear MHD wave mode conversion can
be considered to be a three-dimensional Alfvenic re-
connection process, where the generated shear Alfven
wave packets carry energy, momentum, magnetic twist
and angular momentum away from the reconnection
site. This process corresponds to a reactive, rather
than a resistive, transport process, where the parallel
electric field has an inductive nature. The radiation
of shear Alfven waves, accompanied by fluctuations of
magnetic and velocity fields, provides the impedance
causing fast reconnection. The Poynting flux of elec-
tromagnetic energy flowing into the reconnection re-
gion is converted not only into Joule heating, the ki-
netic energy of plasma flows and accelerated particles,
but also into electromagnetic energy associated with
the Alfvén wave packet. Approximate conservation of
magnetic helicity and cross helicity leads to the ener-
gization of charged particles on current sheets. In space
plasmas and laboratory plasmas, the three-dimensional
fast reconnection process has a reactive nature. How-
ever, due to the limitations of laboratory experiments,
some physical processes occurring in space plasmas may
not occur in laboratory plasmas.
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Magnetic reconnection is widely believed to produce
significant plasma heating and acceleration of parti-
cles to high energies. Little agreement exists as to
how this is done. Here it is shown that a critical the-
oretical difficulty is posed by the following: (1) Ob-
servations of solar flares suggest that ~ 10 — 50% of
the available magnetic energy is channelled into semi-
relativistic electrons and protons, plus plasma heating
to over 108 K. (2) Wind spacecraft observations of re-
connection in Earth’s magnetotail show that electrons
are accelerated to speeds ~ c/2, but contain less than
10710% of the total electron energy. (3) Why are the
acceleration efficiencies many orders of magnitude dif-
ferent when the Alfven speeds and plasma temperatures
are similar? Lower hybrid waves are common in Hall-
MHD simulations and Wind observations of reconnec-
tion. It is suggested here that lower hybrid waves are
important in producing electron acceleration and ion
heating in reconnection regions, via so-called “lower
hybrid drive”. Analytic theory is used to support this
suggestion and to argue that lower hybrid drive should
be much more efficient under solar conditions.
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Recently, we have shown that the effects of lower-
hybrid waves at the edges of the current sheet pro-
vide a quick triggering of magnetic reconnection even
in ion-scale current sheets. However, there is an upper-
limit to the current sheet thickness for this type of
quick triggering via the lower-hybrid-drift instability
alone because the lower-hybrid-drift wave activity be-
comes weaker in the thicker current sheet. Therefore,
we should take account of other effects, like, couplings
with other instability modes (CSKI, KHI), or effects
of perturbation from the outside of the current sheet,
etc. to understand reconnection triggering in thicker
current sheets. In order to examine these topics, we
have performed a parametric study on the thin elec-
tron current layer formation due to the current driven
instabilities by 2D full particle simulation runs. In this
paper, we evaluate whether the quick triggering mech-
anism mediated by the lower-hybrid-drift instability is
truly realistic or not.

SH31A-1089 0830h POSTER

Current Layer Jump Conditions for the
Magnetopause

Loren C. Steinhauer! (1-425-483-1682; stein-
hauer@aa.washington.edu,lstein@u.washington.edu)

Michael P. McCarthy? (1-206-685-2543;
meccarthy@geophys.washington.edu)

Elden C. Whipple? (1-907-745-9081;
whipple@geophys.washington.edu)

IRedmond Plasma Physics Laboratory, University of
Washington, 14700 NE 95th St., Redmond, WA
98052, United States

2Earth and Space Sciences Department, University of

Washington, PO Box 351310, Seattle, WA 98195,

United States

Reconnection theory has focused primarily on the
elusive x-point or the structure of the current sheet.
However the gross properties of reconnection can be
determined without probing the internal details of the
current sheet: in particular, the energization of parti-
cles, the direction and speed of their ejection, the self-
consistent magnetic field angle, and the densities of the
incident and ejected plasma streams. This can be done
with a technique from fluid mechanics, the use of jump
conditions such as the familiar Rankine-Hugoniot equa-
tions. The magnetopause departs from a simple fluid
boundary in that the interaction of the plasma particles
with the current sheet produces a highly anisotropic
plasma state: particles drift inward in nearly the nor-
mal direction; once ejected they move at relatively high
speed in nearly the tangential direction. In contrast

Fos.

to the usual jump conditions across a boundary, our
analysis considers changes in macroscopic quantities on
one side of the current layer boundary as the incident
population becomes the ejected population. By incor-
porating results from studies of the particle equations
of motion into conservation laws and Maxwell’s equa-
tions, new jump conditions for the tangential compo-
nent of momentum, the out-of-plane component of cur-
rent density, and energy (Poynting’s theorem) are de-
rived. Modest simplifications on the magnetic and elec-
tric field structure are assumed, but the fields are quite
general otherwise.
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Concentration of the current in thin sheets forms a
free energy source for instabilities of the plasma waves,
which do not change the initial magnetic topology as
they propagate mainly in the current direction. How-
ever, these current-driven instabilities may be an ef-
fective mechanism of collisionless dissipation and thus
promote the reconnection process. Until recently both
the linear stability analysis and simulations of current-
driven instabilities were limited to the single class of
initial equilibria known as Harris current sheets [Har-
ris, 1962]. This limitation did not allow, in particu-
lar, the modeling of the sheets with counter-streaming
flows of ions, which are typical for the outflow region
of the reconnection pattern in the deHoffman-Teller
frame (hereafter outflow sheets) [e.g., Yamada et al.,
2000; Hsu et al., 2001], and the thin current sheets with
two-humped profile of the current density (bifurcated
sheets) found in multi-spacecraft observations of the
current sheet of Earth’s magnetotail [Nakamura et al.,
2002; Runov et al., 2003; Sergeev et al., 2003]. Recently
the Harris current sheet model was generalized to ac-
count for the aforementioned features of the thin cur-
rent sheets [Sitnov et al., 2003] and then it was included
in the massively parallel particle code P3D [Zeiler et
al., 2001]. We report the first results of studies of the
current-driven instabilities using that modified particle
code. We compare in particular the stability picture in
thin Harris sheets and similar pictures in the cases of
outflow and bifurcated current sheets.
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A new mechanism for the production of energetic
electrons during magnetic reconnection is being ex-
plored to understand spacecraft observations in the
Earth’s magnetosphere and in astrophysical systems.
Energetic electrons with 100’s of kev have long been
observed in the Earth’s magnetotail (e.g. Baker and
Stone 1977) and their presence has been linked to mag-
netic reconnection. More recent data suggests that
the source of these particles is the dissipation region
(Oieroset, et al., 2002), which significantly constrains
possible acceleration mechanisms. Single x-line encoun-
ters can not produce these energetic particles. We sug-
gest that electrons can have multiple interactions with
the dissipation region by scattering off of turbulence
which develops in the outflow region and then migrat-
ing upstream along magnetic field lines adjacent to the
separatrix. Particle simulations reveal that this tur-
bulence is driven by the electron pressure anisotropy
(T > T) with ke/wpe ~ 1 and v ~ Qce) (Vedenov,
et al 1961). Large T results from electron compres-
sion during merger with the ion outflow downstream
from the x-line. Analytic arguments suggest that the
resulting energy spectra should take the form of a
power law with spectral index k = In(m;/m¢)/21n2 =
5.4, which is in the range of observations. The calcula-
tions extend the work of Hoshino, et al., 2001.
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‘We examine the collisionless reconnection process
in the double tearing mode system. Previous studies
with very thin equilibrium current sheets found that
the Hall term played a key role in allowing Alfvenic re-
connection to occur, with the reconnection rate being
insensitive to the system size length and the wavelength
of the initial x-line perturbation. We generalize these
results to systems with very wide equilibrium current
sheets, examining both the scaling of the reconnection
rate versus system size, and the criteria necessary to al-
low Hall physics to accelerate the reconnection rate. It
is necessary to renormalize the reconnection rate to the
magnetic field just upstream of the dissipation region in
order to compare the relavent reconnection rates, and
we have developed a numerical technique to do so. We
find that the asymptotic reconnection rate is insensi-
tive to both the system size and the wavelength of the
initial x-line perturbation, as long as both of these val-
ues are sufficiently larger than c/wpi.

SH31A-1093 0830h POSTER

Hall and Turbulence Effects on
Magnetic Reconnection

Daniel Smith! (des@ruach.gsfc.nasa.gov)
Sanjoy Ghosh! (rghosh@dsdial.net)
Pablo Dmitruk? (pablo@bartol.udel.edu)

William Matthaeus? (whm@udel.edu)

1Bartol Research Institute, University of Delaware,
Newark, DE 19716, United States

213 Communications Analytics, 1801 McCormick Dr.
Suite 170, Landover, MD 20774, United States

We reexamine the influence of the Hall effect and
the level of background MHD scale turbulence upon the
reconnection rate of a large scale periodic sheet pinch
in 2.5 dimensional compressible Hall MHD. The simu-
lations indicate that the large scale reconnection rate
is enhanced by both increasing Hall parameter and by
increasing turbulence level. The reconnection rate is
found to scale linearly with turbulence amplitude and
as the 3/2 power of the Hall parameter (correlation
scale/ion inertial scale). The effect is quantified for a
range of parameters, thus helping to clarify and extend
the related GEM challenge simulation study of recon-
nection rates.
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Magnetic reconnection in the collisionless regime
is studied on the Versatile Toroidal Facility (VTF).
The detailed evolution of the profiles of plasma den-
sity, current density, and electrostatic potential at the
onset of driven reconnection is reconstructed experi-
mentally. Despite a constant, externally imposed re-
connection drive, we show that the reconnection does
not proceed in a steady-state manner. The formation
and decay of the current is shown to be related to the
evolution of the electrostatic potential and the associ-
ated ion polarization currents. The size of the diffu-
sion region is inferred from the detailed knowledge of
the electrostatic potential, and is shown to scale with
the drift orbit width of the electrons insensitive to the
ion mass and plasma density [1].
acterization of the steady state electric and magnetic
field profiles provides an excellent basis for detailed
kinetic simulations of the reconnection process. With

The accurate char-
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the known electric and magnetic fields Liouville’s equa-
tion is readily solved numerically providing the detailed
phase space distribution function of the electrons. The
current profiles, obtained from the first moment of the
theoretical electron distribution function, are consis
tent with the measured current profile.
tent with VTF experiment results, the theoretical cur-
rent densities are three orders of magnitude below the
classical value, E/ns. The phase space distributions
of the electrons reveal non-Maxwellian features, which
are fundamental in accounting for the momentum bal-
ance of the electrons in the vicinity of the X-line. The
strong non-Maxwellian features also represent a source
of free energy which can excite electromagnetic insta-
bilities and fluctuations. [1] Egedal J, Fasoli A and
Nazemi J, (2003) Phys. Rev. Lett. 90, 135003. * This
work is supported by DOE and NSF

Also consis
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The exact role of turbulence in collisionless mag-
netic reconnection has been a controversial theoretical
topic, with some theories suggesting it is essential to
provide anomalous resistivity, while others present a
laminar fast reconnection mechanism based on the Hall
term in the generalized Ohm’s law. A thorough study of
fluctuations in the current sheet of the Magnetic Recon-
nection Experiment (MRX) was performed in order to
aid in resolving this controversy. Using amplified Lang-
muir and magnetic probes, we have measured broad-
band fluctuations in the lower hybrid frequency range
(f ~ 10—15MHz) which arise with the formation of the
current sheet in MRX. The frequency spectrum, spatial
amplitude profile, and spatial correlations in the mea-
sured turbulence were examined carefully, finding con-
sistency with theories of the lower-hybrid drift instabil-
ity (LHDI). The observation of the LHDI in MRX has
provided the first opportunity to experimentally study
its role in the process of magnetic reconnection. It was
found that: (1) the LHDI amplitude does not correlate
well in time or space with the reconnection electric field
(which is directly related to the rate of reconnection)
and (2) the LHDI amplitude was found to be fairly in-
sensitive to collisionality, unlike the measured resistiv-
ity anomaly. These two findings suggest that the LHDI
does not play an essential role in determining the re-
connection rate in MRX.

SH31A-1096 0830h POSTER

Laboratory Investigation of Boundary
Layer Processes Due to Strong Spatial
Inhomogeneity*

William E. Amatuccil (202-404-1022;
amatucci@ccf.nrl.navy.mil)

Gurudas 1. Gangulil (202-767-2401;
gang@ppd.nrl.navy.mil)

David N. Walker! (202-767-2248;
dwalker@ccf.nrl.navy.mil)

lPlasma Physics Division, Naval Research Labora-
tory, Washington, DC 20375, United States

Boundary layers are often found in laboratory plas-
mas, such as at the edges of laser-produced plasmas,
and in natural settings, such as the magnetosphere.
These are regions in which plasma characteristics un-
dergo rapid transition and are usually the sites of wave
activity. An investigation of boundary layer processes
has been conducted in the NRL Space Physics Simula-
tion Chamber (SPSC). A method has been developed
to create a boundary layer with controllable density
gradients and transverse electric fields with arbitrary
amplitude and scale length as small as one-fourth of an
ion gyroradius. This method involves interpenetrating
plasmas with different diameters, whose plasma poten-
tials can be controlled. Under these conditions, waves
in the lower hybrid frequency range have been observed
and their characteristics documented. Theoretical work
indicates that the observed mode characteristics are
similar to those expected for the Electron-Ion Hybrid
Instability. As an illustration, we apply our results to
space plasmas and the dynamics of the plasma sheet
boundary layer (PSBL). The PSBL is key in the trans-
fer of solar wind mass, energy, and momentum into
the magnetosphere and ultimately into the auroral re-
gions. During times of solar activity, the PSBL can
become compressed to widths on the order of an ion
gyroradius and can contain localized transverse elec-
tric fields similar to those generated in the SPSC ex-
periments. At these times, thin layers of energetic elec-
trons and broadband wave activity have been observed
in the PSBL. The details of the response of a plasma to
such conditions and the observable signatures are the
focus of this study. *Work supported by ONR.
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Using a unique LANL laboratory facility, the Re-
connection Scaling Experiment (RSX), and a state-of-
the-art LANL numerical code, CELESTE3D, we are be-
ginning an experimental and numerical study of the
microphysics of 2D and 3D ”fast magnetic reconnec-
tion”. RSX at Los Alamos National Laboratory is
already operational and producing research plasmas.
In RSX, the radial boundaries and thus the recon-
nection geometry are not constrained to two dimen-
sions. It is capable of investigating 3D magnetic re-
connection occurring in a free-boundary 3D linear ge-
ometry during the coalescence of two parallel current
plasma channels, which are produced by using plasma
gun technology. RSX can also scale the guide field
(ion gyroradius) independently of other reconnection
parameters. Frontier reconnection research invokes (1)
anomalous’ microinstability-induced resistivity, which
enhances dissipation rates inside the reconnection layer
and (2) terms of the two-fluid generalized Ohm’s law
which introduce whistler and kinetic Alfvén wave dy-
namics. The two-fluid approach predicts (a) a two-
spatial-scale spatial structure of the reconnection layer,
with outer (inner) thickness equal to the ion (electron)
skin depth and (b) Hall currents in the reconnection
plane and out-of-plane magnetic field on the electron
scale. We will show spatially resolved RSX experimen-
tal measurements of the dynamics of the reconnection
layer, and take advantage of our scaling capabilities to
address the applicability of the two-fluid approach.

URL: http://wsx.lanl.gov/

SH31B
‘Wednesday 0900h

Van Allen Lecture (joint with SA, SM)

MCC: 2002-2004

Presiding: D Baker, Laboratory for
Atmospheric and Space Physics,
University of Colorado; R
Strangeway, Institute of Geophysics
and Planetary Physics, University of
California, Los Angeles

SH31B-01 0910h INVITED

New Insights Into Magnetospheric
Physics From Recent Multi-Spacecraft
Observations

Goetz Paschmann!'? (gep@mpe.mpg.de)

lMax-Planck—Institut fuer extraterrestrische Physik,
Giessenbachstr. 1, Garching 85748, Germany

2International Space Science Institute, Hallerstr. 6,
Bern 3012, Switzerland

Please see abstract paper number SM31D-01 for the
complete abstract.

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




