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New 3D transport equations for solar
energetic particles and cosmic ray
propagation

Gang Qin1 (321-674-7293; gqin@fit.edu)

Ming Zhang1

Joseph R Dwyer1

1Dept of Physics and Space Sciences, Florida Insti-
tute of Technology, 150 West University Boulevard,
Melbourne, FL 32901, United States

We present a derivation of both anisotropic and
isotropic transport equations of energetic particles in
three dimensions including magnetic forcusing effect
in inhomogeneous heliospheric magnetic fields, cross-
field diffusion, and particle adiabatic cooling effect.
To study solar energetic particles transport it is essen-
tial to have an anisotropic transport equation, but the
anisotropic transport equation used by the community
is only in one dimension. A 3-dimensional anisotropic
transport equation may become necessary for the study
of solar energetic particle propagation when there is
a significant cross-field transport which is particularly
true for later stage of SEP events. In cosmic ray mod-
ulation work, on the other hand, three dimensional
isotropic transport equation is used by the community,
but in the equation there is no forcusing effect. It is
found that the forcusing effect may play a significant
role in cosmic ray modulation even under the diffusion
approximation. We plan to calculate solar energetic
particles transport and make comparison with latest
observational data from spacecraft.
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Time evolution of probability density
functions observed in solar wind
plasma densities

Slobodan Jurac1 (617-452-0141;
jurac@space.mit.edu)

John D Richardson1 (jdr@space.mit.edu)
1MIT, MIT 37-635, Cambridge, MA 02139

The variation of the solar wind densities observed
by the ACE and Wind spacecraft is examined on time
scales ranging from one minute to one week. The prob-
ability density function (PDF) of the differences of the
logarithms of the plasma densities is well represented
by a one-dimensional Kappa distribution. Kappa dis-
tributions of plasma velocities are found in various
space environments including that near Earth, plane-
tary magnetospheres and the solar corona. Compared
to a Maxwellian velocity distribution which describes
a plasma in a thermal equilibrium, a Kappa distribu-
tion is characterized by fat tails, frequently generated
by anomalous Levy-type diffusion processes.

For time lags ranging from minutes to hours we find
highly leptokurtic PDFs with Kappa indices of about
2. The slope of the variance (2nd moment) vs. time
lag, and the observed power spectra are consistent with
those found in a turbulent fluid flow. The Kappa index
increases with time lag, and the PDF converges toward
a Gaussian distribution on a time scale of a few days.
The evolution of the observed PDF and the possible
physical causes are discussed.
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Energetic Particle Composition at High
Helio-latitudes During the Declining
Phase of Solar Cycle 23: Ulysses
COSPIN/LET Observations
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One of the key questions to be addressed during
the solar maximum phase of the Ulysses mission has
been the nature of the ubiquitous energetic particle
populations observed at all latitudes from equator to
poles. In particular, studies of the elemental compo-
sition have been carried out in order to shed light on
the likely sources of these particles. In the majority
of cases, the composition signatures recorded by the
COSPIN/LET experiment on board Ulysses during the

recent high-latitude passes were consistent with a So-
lar Energetic Particle (SEP) origin (e.g., Hofer et al.,
GRL, in press, 2002). This result adds further evidence
to the finding that energetic particles are transported
with relative ease from low to high latitudes, either by
enhanced cross-field diffusion, or by direct propagation
along field lines that connect the polar regions of the
heliosphere to active regions at lower latitudes. Dur-
ing the current, post-maximum, phase of its mission,
Ulysses has encountered the return to more stable so-
lar wind stream structures, leading to the formation
of Corotating Interaction Regions (CIRs), in addition
to the CME-associated transients. In this paper, we
present the latest composition measurements from the
COSPIN/LET, and interpret them in the light of the
changing heliospheric structure.
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Large Increases of Low-Energy Ion
Intensities at Voyager 1 (85 AU) in
Mid-2002: Association with Solar
Activity in Late-2001

R B Decker1 (240-228-8696;
robert.decker@jhuapl.edu)

S M Krimigis1

1The Johns Hopkins Univ. Applied Physics Lab.,
11100 Johns Hopkins Rd, Laurel, MD 20723-6099,
United States
We report on observations of relatively large inten-

sity increases of low-energy ions (∼30 keV to ∼10 MeV)
that began at Voyager 1 in July 2002. At this time
Voyagers 1 and 2 were at respective helioradii 85 AU
and 68 AU, and at heliographic latitudes 34◦N and
24◦S. We use data from the Low Energy Charged Par-
ticle (LECP) instruments on each spacecraft. Thus
far during the mid-2002 event (which was still evolv-
ing when this abstract was written), peak intensities of
protons 0.6-1.8 MeV and 3-17 MeV have reached ∼10%
and ∼30%, respectively, those observed by Voyager 1
in association with the powerful GMIR-driven shock
in late-1991, when the spacecraft was at 45 AU (i.e.,
half as far from the Sun). The intensity increases at
Voyager 1 are relatively rapid (∼few days) and nearly
coincident for ion energies from at least 30 keV to sev-
eral MeV. This is strong evidence that the intensity in-
creases arose from local acceleration at a heliospheric
shock, probably that driven by an MIR formed by co-
alescence of ejecta from enhanced solar activity dur-
ing the period October-November 2001. An estimate
of the disturbance’s average radial speed during the
∼8-9 months it took to reach 85 AU is then ∼600-550
km/s. In contrast to the situation at Voyager 1, en-
ergetic ion intensities at Voyager 2 have remained at
relatively low levels during 2002. There is no evidence
that the disturbance that began passage by Voyager 1
in July passed Voyager 2 ∼1-2 months earlier, as one
might expect for a uniformly expanding spherical dis-
turbance. The disturbance is evidently non-spherical
and is confined mainly to latitudes well north of Voy-
ager 2. This is consistent with observations made in
the inner heliosphere. The October-November 2001 so-
lar activity produced high intensities of energetic ions
not only near the ecliptic at 1 AU, but also at Ulysses,
which was at ∼2 AU and above ∼70◦N heliographic lat-
itude during this period. We will discuss the Voyager
1 low-energy ion data, including angular distributions.
We will also describe the effects, if any, of the distur-
bance on higher energy ions (e.g., Forbush decreases);
however, such effects have yet to appear in the evolving
intensity profiles.
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Scattering of Superthermal Solar Wind
Electrons Inside 5 AU

Heather Alison Elliott1 (2105226909;
helliott@swri.edu)

Erin Simpson2 (airnsunlight@hotmail.com)
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San Antonio, TX 78228-0510, United States

2University of California Berkeley, Department of
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Several theories invoke scattering of the outward
propagating strahl electrons to populate the sunward
directed part of the solar wind superthermal (halo)
electron distribution. If such a scattering mechanism
occurs then does it occur in the inner or outer he-
liosphere? We examine how the sunward moving and
anti-sunward moving superthermal electrons vary with
distance from the Sun and assess whether or not the
source of sunward moving electrons lies between 1 and
5 AU. We use in-ecliptic Ulysses SWOOPS (Solar Wind
Observations Over the Poles of the Sun) electron mea-
surements from 1991 when Ulysses was on its way to
Jupiter. We start with electron velocity distributions
in magnetic coordinates, and determine if the magnetic
field is pointing towards or away from the Sun. We then

integrate daily average distributions to determine the
relative populations of superthermal electrons moving
towards and away from the Sun, and assess their vari-
ations with distance.
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Compressive Fluctuations in
High-Latitude Solar Wind
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Compressive fluctuations in solar wind have been
extensively studied in the past using data from space-
craft on the ecliptic plane. In present analysis, based
on Ulysses data, for the first time the nature of polar
wind compressive fluctuations is investigated. Data are
from the first out-of-ecliptic orbit of Ulysses, when so-
lar activity is low. In such conditions, as well known,
the high-latitude wind appears as a fast and relatively
steady plasma flow. Correlation coefficients at hourly
scale for several pairs of solar wind parameters like ve-
locity, density, temperature, magnetic field magnitude,
thermal pressure, magnetic pressure, and total plasma
pressure are used to characterize the wind compressive
state. Results appear to confirm the view that com-
pressive fluctuations in solar wind are a complex su-
perposition of MHD compressive modes and pressure-
balanced structures.
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Mechanism for Generating Differential
Motion of Minor Ions in the Solar
Wind

C.-Y. Tu1 (cytu@public3.bta.net.cn)
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Measurements with SOHO/CELLAS in high-speed
solar wind show that some minor ions such as O6+

have a relatively high drift velocity, however others
such as Fe9+ tend to lag behind oxygen by a few tens
of km/s (Hefti et al. 1998). This subtle observational
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feature has not yet been understood. A possible mech-
anism, based on quasi-linear theory of cyclotron reso-
nance, for an understanding of this phenomenon is pre-
sented in this paper . The mass per charge of the ion
O6+ and Fe9+ are different, a fact which results in
different features of the resonance with ion-cyclotron
waves. In a plasma with protons, alpha particles and
electrons, the dispersion relation of cyclotron waves has
two branches. The oxygen ions tend to resonate with
the inward-propagating waves of the left-hand polarised
(LHP) first branch and the outward-propagating waves
of the LHP second branch. These resonances together
may lead to a velocity distribution having a central ve-
locity higher than the proton (solar wind bulk) velocity
by about 50 km/s at 1 AU. The Fe9+ ions tend to res-
onate with both the inward and outward propagating
waves of the first branch and may thus form a velocity
distribution with the central velocity being very near
the proton bulk velocity. These analytical results are
shown to be supported by numerical results from a 2-
dimensional simulation based on the quasi-linear diffu-
sion equation.
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Consequences of proton and alpha
anisotropies in the solar wind: Hybrid
simulations

S. Peter Gary1 (505-667-3807; pgary@lanl.gov); Lin

Yin1 (lyin@lanl.gov); Dan Winske1
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2NASA/Goddard Space Flight Center, Code 682 ,
Greenbelt, MD 20771, United States
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CA 91109, United States

Alfvén-like fluctuations in the solar corona and so-
lar wind may cascade from lower to higher frequencies
where they transfer energy via cyclotron resonances to
ions of successively higher charge-to-mass-ratios. This
yields T⊥/T‖ > 1 for each ion species, where the sub-

scripts refer to directions relative to the background
magnetic field. If sufficiently large, these anisotropies
drive electromagnetic ion cyclotron instabilities. This
manuscript describes the use of two-dimensional hy-
brid simulations of a collisionless, homogeneous, mag-
netized plasma with both protons and alpha particles to
study the consequences of scattering by enhanced field
fluctuations from such instabilities. The most impor-
tant new results are that both helium and proton cy-
clotron instabilities reduce initial differences between
the proton and alpha particle anisotropies, and also re-
duce initial alpha/proton relative speeds. These simu-
lation results are different from theoretical predictions
of ion responses to their direct interaction with cas-
cading Alfvén/cyclotron waves, but are consistent with
observations from the Ulysses spacecraft.
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Electrostatic noise at/near the solar wind plasma
frequency is detected in the Earth’s electron foreshock
by the WHISPER relaxation sounder aboard the four
CLUSTER spacecraft. The noise is observed when the
interplanetary magnetic field line that passes through
the spacecraft position connects to the shock surface.
As expected, the noise intensity is largest along the
magnetic field line that is tangent to the shock and
the noise characteristics depend upon the position in
the electron foreshock. Close to the tangent field line a
narrow bandwidth noise occurs while far downstream of
this boundary the noise spectrum appears to be broad-
ened and may extend a little bit above and well below
the solar wind plasma frequency. The WHISPER obser-
vations, the position of the spacecraft in the connection
plane, and preliminary statistic maps are presented.
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Radial Dependence of Intermittency in
the Fast Polar Solar Wind Magnetic
Field Using PDFs

Christina Pagel1,2 (44-20-7594-7766;
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The Ulysses spacecraft, in a polar orbit of the Sun,
spent almost three years sampling the pure polar coro-
nal fast wind at solar minimum between 1994 and 1996.
Turbulence in coronal fast wind, unaffected by stream
shears with slow solar wind, evolves more slowly than
fast wind turbulence in the ecliptic and is a more ho-
mogenous system. However, it is still a highly intermit-
tent and turbulent medium. We use the Castaing prob-
ability distribution to study the intermittent properties
of the fast wind magnetic field components at different
time lags within the inertial range, and present results
on how intermittency in the magnetic field components
depends on radial distance from the Sun. We find that
for all distances, the transverse magnetic field compo-
nents are significantly more non-Gaussian than the ra-
dial component. We also find that non-Gaussian be-
haviour at a given time lag increases with distance but
that this can be explained by the corresponding exten-
sion of the inertial range to lower frequencies, so that
the non-Gaussianity is constant at the integral scale,
agreeing with theoretical predictions. We also find that
the rate at which non-Gaussian deviations propagate
through the cascade decreases slightly with distance.
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The beam-plasma interaction is one of the most fun-
damental and important problems in plasma physics
for both scientific and commercial applications. The
weak beam-plasma (or bump-on-tail) instability and
the ensuing generation of Langmuir turbulence is fun-
damental to many radio emission phenomena in in-
terplanetary space, including solar and interplanetary
type II and III bursts as well as radiation from the
Earth’s foreshock. It has also played a crucial role
as a testbed for various nonlinear plasma theories, in-
cluding quasilinear, weak, and strong turbulence the-
ories. In particular, Langmuir wave turbulence gener-
ated by a beam-plasma interaction has been studied
since the early days of plasma physics research. Mech-
anisms which lead to the quasi power-law spectrum for
Langmuir waves have been sought. Meanwhile, gener-
ation of harmonic Langmuir waves has been known for
some time, in both laboratory and computer-simulated
experiments. However, the phenomenon has not been
adequately explained in terms of theory, nor has it been
fully characterized by means of numerical simulations.

In this paper, a theory of harmonic Langmuir wave gen-
eration is put forth and tested against the Vlasov sim-
ulation results. It is found that harmonic Langmuir
mode spectra can indeed exhibit quasi power-law fea-
ture, implying multi-scale structure in both frequency
and wave number space spanning several orders of mag-
nitude. This indicates that the harmonic excitation
process may be intimately related to the generation of
high-frequency turbulence in plasmas.

SH12A-0394 1330h POSTER
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John T Steinberg2 (505 667 5308;
jsteinberg@lanl.gov)

William M Farrell3 (301 286 4446;
farrell@faltraz.gsfc.nasa.gov)

Alan J Lazarus1 (ajl@space.mit.edu)

Justin C Kasper1 (jck@space.mit.edu)
1Massachusetts Institue of Technology, 77 Mas-

sachusetts Avenue, Cambridge, MA 02139, United
States

2Los Alamos National Laboratory, MS D446, Los
Alamos, NM 87545, United States

3NASA/Goddard Space Flight Center, Code 695,
Greenbelt, MD 20771, United States

We describe Wind observations of a lunar wake en-
counter which occurred on July 18, 2002. The obser-
vations were made at a distance of 15 lunar radii (RL)
downstream, and the data suggest that the moon was
immersed in magnetosheath plasma at this time. The
large azimuthal flows associated with the sheath region
mean that the wake crossing was completed some 90
minutes before the spacecraft entered the lunar shadow.

The most extensive observations of spacecraft en-
counters with the lunar wake reported previously oc-
curred at 2 RL (Explorer 35) and 6 RL (Wind),
thus, this is the first time such an event at this far dis-
tance has been reported on. A characteristic feature of
the lunar wake is the presence of two ion beams moving
with different velocities. Improvements in the analysis
procedure for Wind/SWE mean that for the first time
we are able to discern the thermal anisotropy of these
ion components. We find that both ion components ex-
hibit an extreme temperature anisotropy with T⊥ >
4T‖. We present an examination of the possible causes

and implications of this extreme anisotropy.
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The interaction of turbulence and shock waves is
considered self-consistently so that the back-reaction of
the turbulence and its associated reaction on the turbu-
lence is addressed. This approach differs from previous
studies that considered the interaction of linear modes
with a shock. The most basic model of hypersonic flow,
described by the inviscid form of Burgers’ equation, is
used. An energy-containing model, which couples the
turbulent energy density and correlation length of the
flow and the mean flow, is developed. Upstream turbu-
lence interacting with a shock wave is found to mediate
the shock by 1) increasing the mean shock speed, and 2)
decreasing the efficiency of turbulence amplification at
the shock as the upstream turbulence energy density is
increased. The implication of these results is that the
energy in upstream turbulent fluctuations, while be-
ing amplified at the shock, is also being converted into
mean flow energy downstream. The variance in both
the shock speed and position is computed, leading to
the suggestion that, in an ensemble-averaged sense, the
turbulence-mediated shock will acquire a characteristic
thickness given by the standard deviation of the shock
position. Lax’s geometric entropy condition is used to
show that as the upstream turbulent energy density in-
creases, the shock is eventually destabilized, and may
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emit one or more shocks to produce a system of mul-
tiple shock waves. Finally, turbulence downstream of
the shock is shown to decay in time according to -2/3
law.
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Recovered from Interplanetary Solar
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Fluctuations

Roberto Bruno1 (+39-06-49934389;
roberto.bruno@ifsi.rm.cnr.it)

Vincenzo Carbone2 (carbone@fis.unical.it)

Luca Sorriso-Valvo2 (sorriso@fis.unical.it)

Bruno Bavassano1 (bavassano@ifsi.rm.cnr.it)
1IFSI-CNR, Via Fosso del Cavaliere 100, Rome 00133,

Italy

2Dipartimento di Fisica, Universita‘ della Calabria,
Via P. Bucci, Rende 87036, Italy

Interplanetary solar wind fluctuations have been
studied in the inner heliosphere and within the MHD
range of scales. Fluctuations are such that velocity and
magnetic field vectors, which initially keep their orien-
tation around a given direction in space during a cer-
tain time interval, abruptly change to fluctuate around
a new orientation. This behavior is then repeated
several times per hour. Most of the timesthe largest
directional jumps are also accompanied by larger in-
tensity variations.This kind of phenomenon resembles
a Levy-flight behavior and stimulated us to compare
these observations with a Levy statistics, particularly
sensitive to long range correlations. In particular, we
considered the cumulative distribution function of ve-
locity and magnetic field vector differences evaluating
the probability to have differences larger than a given
threshold that was repeatedly set at different values.
This analysis showed that our observations can be rea-
sonably fitted by a Truncated-Levy-Flight (TLF) dis-
tribution. Moreover, we found a clear radial depen-
dence of these fluctuations to evolve from Gaussian to
TLF only within fast wind. We provide an explana-
tion for what we observe in terms of a competing ac-
tion between stochastic, propagating fluctuations and
convected structures, both contributing to solar wind
turbulent fluctuations.
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Ion heating due to plasma
microinstabilities in coronal holes and
the generation of the fast solar wind

Sergei A. Markovskii1 (Sergei.Markovskii@unh.edu)

Joseph V. Hollweg1 (joe.hollweg@unh.edu)
1Space Science Center, University of New Hampshire,

Morse Hall, Durham, NH 03824, United States

There is growing evidence that the heating of ions
in coronal holes is due to cyclotron resonant damping
of ion cyclotron waves. At the same time, the ori-
gin of these waves is much less understood. Recently,
we suggested [Eos Trans. AGU, 82(47), Fall Meet.
Suppl., Abstract SH11A-0695, 2001] that the source
of the waves in the coronal holes is a heat flux com-
ing from the Sun. The heat flux excites shear Alfven
and electrostatic ion cyclotron waves through plasma
microinstability, and then the waves heat the ions.
We used a new view according to which the heat flux
is launched intermittently by small-scale reconnection
events (nanoflares) at the coronal base. This allows the
heat flux to be sporadically large enough to drive the
instabilities, while at the same time to satisfy the time-
averaged energy requirements of the solar wind. Here
we develop this model further. We show that the un-
stable waves can become strongly ion-resonant. This
results in ion heating in the inner corona that is effi-
cient enough, in the quasilinear limit, to generate the
fast solar wind.

SH12A-0398 1330h POSTER

Beam-Plasma Interaction and
Associated Ion Heating

Xueyi Wang1 (334-844-2956;
xywang@physics.auburn.edu)

Yu Lin1 (334-844-4683; ylin@physics.auburn.edu)
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1Auburn University, Physics Department,206 Allison

Laboratory, Auburn, AL 36849, United States

2University of Maryland, Institute for Physical Space
and Technology, College Park, MD 20742, United
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Ion heating through wave-particle interaction is of
great interests in space plasma physics. A series of 1-
D and 2-D hybrid simulations have been carried out
to investigate the ion heating process in beam-plasma
interaction, in which Alfven turbulences are produced
via nonlinear evolution of beam-plasma instabilities. In
the nonlinear stage of instability driven by high speed
(>> VA) ion beams, the excited waves evolve to Alfven
turbulence following ω = k cos αVA in the plasma
frame, where α is the angle between the wave vector
k and the background magnetic field B0. The power

law spectra E(f) ∼ f−γ , where γ ∼ 1.0 − 1.8. The
background ions are accelerated to a bulk flow speed
V ∼ VA relative to their original speed. The back-
ground plasma is heated significantly, saturated at a
final temperature T. The heating rate T/T0 can reach
10 to 200 for typical plasmas in the solar corona, where
T0 is the initial temperature of background plasma. It
is found that the ion heating in obliquely propagating
waves (α �= 0) is more effective than that in the case
of α = 0. The physics of the beam-plasma interaction
and the ion heating is investigated. Heating of heavy
ions by such mechanism is also simulated. Application
to ion heating in the solar corona and solar wind will
be discussed.
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A Reassessment of Turbulent Heating
Due to Interstellar Pickup Protons in
the Outer Heliosphere

Philip A. Isenberg1 ((603)862-3870;
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Charles W. Smith2 (chuck@bartol.udel.edu)

William H. Matthaeus2 (whm@udel.edu)
1Institute for the Study of Earth, Oceans and Space,

Morse Hall, University of New Hampshire, Durham,
NH 03824, United States

2Bartol Research Institute, University of Delaware,
Newark, DE 19716, United States

The measurements of the solar wind core proton
temperature at Voyager 2 exhibit a sharp and continu-
ing increase beyond 40 AU from the Sun. The location
of this feature suggests a connection with the pickup
of inflowing interstellar hydrogen. Recent papers by
Matthaeus, Smith, Zank and co-workers have discussed
the possibility that this temperature increase is due to
the turbulent dissipation of fluctuations originally gen-
erated by the scattering of pickup protons to a bispher-
ical shell soon after their ionization. However, the tur-
bulent evolution model used in those papers was shown
to strongly overestimate the observed heating unless
the energy input from pickup-proton-generated waves
was reduced from the bispherical values by at least a
factor of 25 - 50. We point out that the original quasi-
linear analysis of this wave generation, under the usual
assumptions of conditions in the outer heliosphere, ac-
tually yields zero net energy input for this process. We
show how relaxing these assumptions can plausibly al-
low for energy input to the turbulent cascade at a level
of a few percent of the bispherical value, thus result-
ing in a model solar wind heating consistent with the
observations.
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The Effect of Hall and FLR terms on
the Development of MHD Turbulence
Spectra

Daniel C Smith1 (301-286-0105;
dcs@ruach.gsfc.nasa.gov)

Sanjoy Ghosh1 (301-286-0092;
ron.ghosh@gsfc.nasa.gov)

Dana Aaron Roberts2 (301-286-5606;
roberts@vayu.gsfc.nasa.gov)

Melvyn L Goldstein2 (301-286-7828;
u2mlg@phaethon.gsfc.nasa.gov)

1L-3 Communications Analytics Corporation, Mc-
Cormick Drive Suite 170, Largo, MD 20774, United
States

2Laboratory for Extraterrestrial Physics, NASA-
GSFC Code 692, Greenbelt, MD 20771, United
States

Solar wind magnetic spectra often show a steepen-

ing of the k−5/3-power law inertial range cascade at
scales shorter than the ion gyro radius. Density spectra
often show flattening at adjacent scales. We include the
Hall term and a Finite Larmor Radius (FLR) term in a
two-and-one-half-dimensional compressible magnetohy-
drodynamic (MHD) system of equations to model high
frequency solar wind power spectra near the Doppler-
shifted ion-cyclotron frequency. The system is closed
by adopting a polytropic equation of state. The Hall
term gives rise to steepening of the magnetic field spec-
tra for high-cross helicity states and a range of plasma

beta 4 ≤ β ≤ 1/4. The FLR term gives rise to flat-
tening of the density spectrum for both high- and low-
cross helicity states and the same range of plasma beta.
We separate the terms in the system of equations into
linear and nonlinear components. The magnitude of
the nonlinear term is comparable to, and in some cases
stronger than, the linear term at the ion gyro radius
scales.
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Formation of minor ion charge states in
the fast solar wind: roles of
differential flow speeds of ions of the
same element

Yao Chen1,2 (yachen@cfa.harvard.edu)
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2University of Sci. Tech. of China, 96 JinZhai Road,
Hefei, AH 230026, China

To investigate the possibility of differential flow
speeds between ions of the same element and their roles
in the determination of ionic fractions, this paper ex-
tends our latest minor ion model to a 5-fluid model,
describing the behavior of five species of minor ions of
one given element in the fast solar wind. We solve the
five sets of mass, momentum and energy equations si-
multaneously to include the effects of ionization, re-
combination and heating. The five species of minor
ions are taken as test particles flowing in a background
plasma consisting of electrons, protons and alpha par-
ticles. The parameters of the background gas are calcu-
lated using a previous 3-fluid wave-driven magnetohy-
drodynamic model for the fast solar wind. These back-
ground parameters are modeled as closely as possible
to observed values. Using this background of fast so-
lar wind parameters, the 5-fluid minor ion model has
no problem reproducing the frozen-in charge state dis-
tributions observed in the fast solar wind for C and O
ions, while the modeled ionic fractions of Si, Mg, and
Fe show significant shifts to lower charge states com-
pared with the observed values. It is found that the
majority of C and O ions are frozen-in below 1.2 solar
radii while most Si, Mg and Fe ions are frozen-in be-
yond 1.3 to 1.5 solar radii. Comparing the cases with
and without differential flows shows that even though
differential flow speeds between ions of the same ele-
ment do develop beyond a certain heliocentric distance
(e.g., 1.2 solar radii for Si ions), they can not account
for the high ion charge states observed in situ.
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Plasma Heating Due to Spectrum of
Obliquely Propagating Alfven Waves
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It has been shown recently that, contrary to con-
ventional analysis, significant perpendicular heating of
a magnetized plasma can be effected by waves with fre-
quencies well below the ion cyclotron frequency. It was
preliminarily shown that a perturbation consisting of a
spectrum of modes results in an increased heating ef-
ficiency as compared with a single mode. Motivated
by this result, we have undertaken a detailed study
of the dependence of the heating efficiency, due to a
spectrum of obliquely propagating Alfven waves, on the
wave energy density, spectral indices, and perpendic-
ular wave scales. We have simulated the interaction
of an initially cold plasma with the low and high fre-
quency halves(with respect to the cyclotron frequency)
of a given wave spectrum, acting both independently
and in unison. It is found that a spectrum including
only modes below the cyclotron frequency could indeed
impart significant heating, while the higher frequency
modes remain most efficient. In addition, it is found
that the perpendicular wave scale, which allows for the
nonlinear cyclotron resonance, also limits the attain-
able particle perpendicular energy, due to the finite
Larmor-radius averaging effect. This work serves as
a promising model for heating of the solar corona as
it does not rely on the primary cyclotron resonance.
Both analytical and numerical detailed results will be
presented. Work supported in part by US DOE, NSF
and UCI UROP grants.



F1156

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-##, 2002.

2002 Fall Meeting

SH12A-0403 1330h POSTER

Ulysses Observations of VLF Wave
Activity in the Solar Wind and the
Photoelectron Effects on the
Measurements

Naiguo Lin1 (612-626-1691;
lin@waves.space.umn.edu)
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We present observations of VLF waves (0.2 to 448
Hz) made by Ulysses during its second orbit (during
the solar maximum) and compare the observations with
those during the first orbit, when the solar activity was
approaching a minimum. The occurrences and proper-
ties of the waves are found to be similar during the
solar maximum and solar minimum periods for slow
and intermediate speed solar wind. In the fast so-
lar wind streams, which are seen during the first or-
bit when Ulysses was at high latitudes, the spacecraft
observed nearly continuous electric wave activity with
peak power near and below the local electron gyrofre-
quency. In the second orbit this is not observed since
the Sun was approaching maximum activity conditions,
and the spacecraft was traveling in the slow and inter-
mediate solar wind at all latitudes and no entry into
the fast solar wind. The maximum intensity of the
electromagnetic waves for the two solar cycle periods is
comparable. These similarities suggest that the plasma
conditions for the waves’ excitation are similar for the
slow and intermediate solar wind in both solar maxi-
mum and minimum phases. It is also found that the
electric field noise detected in the low band channels of
the Wave Form Analyzer, which are measuring less than
9 Hz signals, is contaminated by the spin modulation
of the electric field due to photoelectrons around the
spacecraft, especially when the ambient plasma density
is low. This effect enhances with the increase of the
solar aspect angle.
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Nonlinear electrostatic Langmuir decay is important
for type III solar radio emissions, and other emissions
in space plasmas. For instance, to generate the ob-
served levels of emission in type III bursts, it is im-
portant to produce backscattered Langmuir waves to
participate in the emission of radiation at the second
harmonic of the electron plasma frequency, and ion-
acoustic waves to stimulate fundamental emission. In
this work, the evolution of Langmuir waves and ion-
acoustic waves in time, space and wave number, stimu-
lated by a hot electron beam and coupled by Langmuir
decay processes in an initially homogeneous plasma is
investigated numerically using kinetic theory. The non-
linear dynamics of Langmuir waves and ion-acoustic
waves for parameters appropriate to the solar wind
at 1AU is studied in detail. Nonlinear Langmuir de-
cay is observed to effectively scatter the beam-driven
Langmuir waves out of resonance. The scattered Lang-
muir waves then undergo further decays and condense
sequentially toward small wave numbers, until decay
is prohibited kinematically. At a given spatial loca-
tion, the levels of the product Langmuir waves initially
are lower than those of the resonant Langmuir waves,
they increase and eventually reach as high as or ex-
ceed those of the beam-driven Langmuir waves, which
become weaker as the beam passes this position. The
ion-acoustic waves generated are relatively weak and
subject to damping at large times. Fine structures in
scattered Langmuir waves and ion-acoustic waves are
observed, due to the depletion of their energy when de-
cay and coalescence processes proceed. Furthermore,
quasilinear relaxation of the beam is not affected sig-
nificantly by the decay, and hence the main features
of resonant Langmuir waves are very similar to those
when nonlinear decay is absent. The decay process is
thus slaved to the primary beam-plasma evolution, as
assumed in previous works. We investigate also the ef-
fects of varying beam and ion parameters. We found
that the electron to ion temperature ratio affects not
only the intensity of the ion-acoustic waves through ef-
fects on the damping rate, but also the dynamics of a
decay processes via effects on the decay rate, which was
usually overlooked in previous studies. These results

for the Langmuir and ion-acoustic waves will be used as
input to calculate electromagnetic emission in type III
bursts using wave-wave interaction theory, with further
inclusion of spatial inhomogeneity in the background
plasma.
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Electron Heat Flux in the Solar Wind
at 1 AU ? Wind Observations.
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Electron heat conduction provides a major means
of energy transport in collisionless plasmas. Yet, the
mechanisms which determine the electron energy trans-
port and dissipation in the solar wind are far from be-
ing understood. The electron heat flux is observed to
be actively dissipated as the solar wind expands into
interplanetary space, and neither collisionless expan-
sion along the interplanetary magnetic field nor colli-
sion dominated thermal transport can well describe the
average observed value of the electron heat flux at a
given heliocentric distance. Besides Coulomb collisions,
whistler wave-particle interactions have been suggested
as an other possible source of the dissipation necessary
to regulate the electron heat flux.

Using high-time resolution particle and wave data
from the WIND spacecraft, we analyze here the elec-
tron heat flux in relation to the level of whistler-like
magnetic field fluctuations, during 50 days close to the
last minimum of solar activity. We show that WIND
observations lead to the conclusion that whistler waves
are likely to play a role in the regulation of the heat
flux in the solar wind, while recent Ulysses observa-
tions were not conclusive on this point.
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Proton random forcing and generation
of electron suprathermal tails in the
solar wind
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The observed core-halo structure of the electron dis-
tribution function in the solar wind can be interpreted
in two ways. In the first type of interpretation, the core
adjusts adiabatically to the local solar wind conditions
while the suprthermal particles results from the colli-
sionless expansion of the coronal plasma (see for exam-
ple Scudder and Olbert, 1979, JGR, 84, p2755). The
second interpretation is fully local, the halo electrons
resulting from the particle-wave interactions (see for
example, Leubner, 2000, Planet. Sp. Sci., 48, p133), as
observed in practically all low density collisionless plas-
mas. The source of the waves is thought to be found in
some non equilibrium feature of the distribution func-
tion.

In this work we explore this last interpretation, us-
ing numerical simulations of the Vlasov - Poisson equa-
tions. As in Viñas et al., 2000, APJ, 528, p509, we pro-
pose that the souce of the waves able to interact with
the thermal electrons is to be found in the cascade from
large scale -fluid -fluctuations towards small -kinetic-
scales; while Viñas et al., studied the the relaxation of
a large scale spatially periodic electric field supposedly
resulting from this cascade, here we choose to represent
this effect by a random force acting on the protons; the
electrons move to maintain charge neutrality and excite
a ”surprathermal” level of plasma waves which produce
a suprathermal tail on the electron distribution func-
tion. We discuss the role of the statistical properties
(as example the degree of intermittency) of the random
force on the efficiency of the production of suprather-
mal electrons and compare the results with solar wind
observations.
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Alfven Turbulence
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Spectroscopic observations of the solar corona have

made it clear that the “coronal heating problem” com-
prises not only the local deposition of heat immediately
above the transition region, but also extended heat de-
position throughout the (collisionless) acceleration re-
gion of the solar wind. The dissipation of magnetohy-
drodynamic (MHD) waves and/or turbulence has been
considered as a likely heating mechanism in the solar
wind for several decades. However, it is still not well
understood how MHD fluctuations are generated, how
they evolve in frequency and wavenumber, or how their
damping leads to the observed proton, electron, and
ion properties of the fast wind. We present a model
of MHD turbulence that specifically addresses the is-
sue of kinetic dissipation and particle heating in the
collisionless extended corona. The nonlinear cascade is
modeled as a combination of advection and diffusion in
wavenumber space, with the dominant cascade occur-
ring in the direction perpendicular to the background
magnetic field. This leads to a highly anisotropic fluc-
tuation spectrum (as expected, based on many earlier
simulations and scaling models) with a rapidly decreas-
ing power-law tail in the parallel wavenumber direc-
tion. In the low-plasma-beta corona, the dominant
oblique fluctuations (with dispersion properties of ki-
netic Alfvén waves) are dissipated by electron Landau
damping, with only a tiny fraction of the energy go-
ing to high-frequency ion cyclotron waves. This implies
strong parallel electron heating and weak proton and
ion heating, which is not what is observed. We dis-
cuss the probable nonlinear evolution of the electron
velocity distributions into parallel beams and discrete
phase-space holes (similar to those seen in the terres-
trial magnetosphere) which can possibly heat protons
via stochastic interactions.

This work is supported by the National Aeronautics
and Space Administration under grants NAG5-11913
and NAG5-11420 to the Smithsonian Astrophysical Ob-
servatory, by Agenzia Spaziale Italiana, and by the
Swiss contribution to the ESA PRODEX program.
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We examine the effects of mildly oblique, low-

frequency Alfvén waves on cross-field magnetic struc-
tures of varying scales. The magnetic structures corre-
spond to the type of zero-frequency modes which can
arise when ingoing and outgoing Alfvén waves interact
with one another. Such modes are important to the
develop of nearly perpendicular cascades in magneto-
hydrodynamic (MHD) turbulence. In linear theory, the
structure remains static and the Alfvén wave generally
refracts into the perpendicular direction and is reso-
nantly absorbed. Resonant absorption is a pependicu-
lar cascade since small perpendicular wave features are
generated. However, it differs from a turbulent cas-
cade in that it is an phase-ordered process. Given a
small wave amplitude, linear theory is valid when the
structure’s gradient scale is of order or larger than the
Alfvén wavelength. However, when the gradient scale
becomes smaller than the wavelength, nonlinear effects
appear due to the Alfvén wave advecting and bend-
ing the magnetic structure. The magnetic structure
acquires parallel scales and also a velocity field since
moving the magnetic field of the structure induces an
electric field and so also a velocity field. This renders
the structure indistinct from a wave at a given mon-
ent although there is no net propagation. The Alfvén
wave still undergoes resonant absorption but now with-
out the refraction of the Alfvén wave and at a reduced
rate. Instead of refraction, the Alfvén wave reflects and
generates a backward Alfvén wave flux because advec-
tion of the structure gives Alfvén speed gradients along
the background magnetic field. The reflection satu-
rates when the wave flux in each direction along B0
becomes equal. In this case, we have a mildly oblique
Alfvén wave with the nonlinear capability of cascad-
ing power perpendicularly without changing its wave
vector orientation and without its entrainment into the
nearly perpendicular direction. We will also show that
power accumulation along the advecting resonant field
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lines can be quenched by ion cyclotron resonant heating
when small parallel scales develop in association with
the advection. We relate this evolution to MHD simu-
lations of isotropic spectra of Alfvén waves which de-
velop nearly perpendicular cascades. We suggest that
the cascade originates not simply from the development
of zero-frequency modes but rather from the nonlinear
modifications of resonant absorption.
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The bulk of the solar wind is fully ionized hydrogen
and helium, with helium contributing 5% − 45% of the
total mass density. Knowledge of the kinetic properties
of helium (velocity, density, temperatures) is needed
to understand the dynamics of the solar wind, and to
this end we have analyzed observations of ion distribu-
tion functions by the Solar Wind Experiment Faraday
Cup instruments on the Wind spacecraft. From each
92-second spectrum we have extracted velocities, den-
sities, and anisotropic temperatures for hydrogen and
helium.

In addition to local dynamics, comparison of hy-
drogen and helium parameters tell us about both ki-
netic and large-scale processes which occur in the solar
corona and in the interplanetary medium during the
expansion of the solar wind. Modulation of the abun-
dance ratio He/H traces the evolution of the coronal
magnetic field within the solar cycle. Relations be-
tween ion temperatures, either equal temperatures or
equal thermal speeds, tell us about fluctuations and the
prevalence of collective wave-particle interactions. Our
separate study of the equilibration of parallel and per-
pendicular temperatures allows us to distinguish mech-
anisms for this coupling.
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Solar wind fluctuations are known to be anisotropic,
both in wave vector and in field fluctuation directions.
Various sets of two-spacecraft observations, in addi-
tion to ensembles of correlations from a single space-
craft, show there is some preference for wave vector
directions nearly perpendicular to the mean magnetic
field. Many studies have also shown that magnetic
field (and to a lesser extent the velocity field) has a
minimum variance direction typically along the mean
magnetic field direction, and that this persists even as
the mean field turns to nearly perpendicular to the ra-
dial in the outer heliosphere. The requirement that the
wave vectors and fluctuations must turn with the mean
field eliminates simple views of planar Alfven waves or
quasi-two-dimensional fluctuations or superpositions of
these. In previously reported simulation work, we have
shown that inhomogeneity transverse to the radial flow
direction as well as nonlinear interactions are required
to explain the observations. We now have added to
our simulation code non-radial wave vectors to the in-
flow population of waves, as well as three-dimensional
microstreams (radial flows that depend on both trans-
verse directions). This paper will explore the extent
to which these additions aid in solving the anisotropy
and minimum variance problems. Preliminary results
are similar to those found with 2-D simulations which
showed some turning of wave vectors due to shear, but
as yet no clear minimum variance signature. We will
use higher resolution simulations to determine if part
of the problem is that the scale of our assumed popu-
lation of fluctuations is too large.
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Type III solar radio bursts, which are characterized
by a rapid frequency drift rate, are generated by inter-
actions between electron beam-driven Langmuir waves
and the solar wind. Wave-wave theories of plasma radio
emission require the presence of both Langmuir waves
around f pe and ion acoustic waves below 10khz in the
source region of the radio burst. We use data from the
Wind WAVES and 3DP instruments to study the statis-
tics and properties of these waves in 10 in situ type III
bursts observed between 1995 and 2002. We show the
probability distributions of wave amplitude and dimen-
sionless energy W = epsilon0 ∗ E2/n ∗ k b ∗ T e. W
is generally too small for strong turbulence to be im-
portant. We also show that the observed bandwidth
of Langmuir waves suggests a small role for nonlinear
wave-wave processes. The occurrence of ion acoustic
waves in type III sources is not statistically significant
nor dependant on solar wind ion/electron temperature
ratios.
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We have shown in a previous work (Dmitruk et al,
Phys. Plasmas 8, 2377, 2001) that in order to sustain
MHD turbulence in an open magnetic region driven
by injected waves through the boundary, it is neces-
sary to have reflections of those waves and to impose
boundary conditions which allow the presence of non-
propagating structures. However, an important objec-
tion is how strong the reflections have to be, in or-
der to get turbulence sustainment. We show here, by
doing numerical simulations of the RMHD equations
in an inhomogeneous medium, that even in the case
of very weak reflections (1 percent energy in reflected
fluctuations) corresponding to a system very close to
a minimal cross helicity state, MHD turbulence can
still be sustained, a broadband energy spectrum can be
developed, small scale structures appear and the sys-
tem is efficient on dissipating the injected energy, pro-
vided an appropriate timescale ordering is maintaned
by the forcing. Moreover, we study the timescale con-
ditions under which MHD turbulence will be even more
favored. The basic model presented here could have
interesting implications for the understanding of the
problem of the heating of the lower solar corona in mag-
netically open regions. This research supported by NSF
grants ATM-9977692 and ATM-0105254.
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The induced electric field, a fundamental quantity
in magnetohydrodynamics (MHD) that has important
implications in turbulence and in particle scattering,
is examined both theoretically and observationally in
the solar wind context. We present observations of the
field distribution and strength at 1 AU using four day
samples of one hour data. The induced turbulent elec-
tric field, is computed from the velocity and magnetic
field obtained from the OMNI tape dataset, spanning
about 30 years of hourly data. We find that the in-
duced electric field component probability distributions
are exponential or exponential-like, in accordance with
the degree and type of correlations present. The re-
sults are consistent with the theoretical expectation [1]
based upon the assumption of normally distributed ve-
locity and magnetic field fluctuations.

[1] L. Milano, W. H. Matthaeus, B. Breech and C.
W. Smith, Phys. Rev E, 65, 026310, 2002

SH12A-0414 1330h POSTER

Properties of Electric Fields Observed
by Polar across Earth’s Bow Shock

Arthur J Hull1 ((510)643-0502;
ahull@ssl.berkeley.edu)

Davin E Larson1 (davin@ssl.berkeley.edu)

Forrest S Mozer1 (fmozer@ssl.berkeley.edu)

Stuart D. Bale1 (bale@ssl.berkeley.edu)

Jack D. Scudder2

(jds@space-theory.physics.uiowa.edu)
1Space Sciences Laboratory, University of California,

Berkeley, CA 94720

2Department of Physics and Astronomy, University of
Iowa, Iowa City, IA 52242

To date Polar has made several traversals of Earth’s
bow shock. With Polar’s apogee being at 9 RE , these
bow shock crossings tend to be extreme. We present
electric and magnetic fields from DC to 8000 Hz ob-
served at Earth’s bow shock. Polar provides the first
3-axis measurements of electric fields across the shock
layer proper, allowing for a better evaluation of the
electric field properties than previous missions. Pre-
liminary analysis of shock electric and magnetic fields
indicate large amplitude (as large as 20-100 mV/m)
electromagnetic waves from the ion cyclotron frequency
and above. Large amplitude solitary-like electrostatic
waveforms are also seen in the magnetic ramp and into
the shock overshoot region. We discuss the characteris-
tics of the electric fields across these shocks, including
orientation, polarization, wavelength, parallel electric
fields, and relation to fine structure in the magnetic
fields. These results provide new insights on shock
structure and its relation to plasma energization and
thermalization across collisionless shocks.
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Simulations of wave particle interactions
in the expanding solar wind in the
presence of particle beams
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1Dipartimento di Astronomia e Scienza dello Spazio,
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2Jet Propulsion Laboratory, ms 169-506, 4800 Oak
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We use the Expanding Box Model, which has been
updated to include the effects of the mirror force, to
carry out 1D simulations of wave-particle interactions
in the fast solar wind in the presence of particle beams.
The aim is to understand the effects of beams on wave
dissipation as well as the role of turbulence in the reg-
ulation and possible generation of the proton beam in
the fast solar wind.
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Decay of turbulent energy in a
collisionless plasma: Hall MHD
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S Oughton3 (seano@waikato.ac.nz)
1Bartol Research Institute, University of Delaware,
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2L-3 Communications Analytics Corp., 1801 Mc-
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3Department of Mathematics, University of Waikato,
Hamilton 3105, New Zealand

Low frequency plasma turbulence such as that ob-
served in the solar wind, is typically studied in a mag-
netohydrodynamic (MHD) limit. The usual expecta-
tion in MHD turbulence (as in hydrodynamic turbu-
lence) is that the energetic large scale fluctuations,
or ”energy-containing eddies” regulate the dynamics
of the cascade process, including the rate of decay of
fluctuation energy. In this view the specific nature of
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small dissipative processes are not important in regu-
lating decay rates. One might then expect that addi-
tion of small scale modifications appropriate to a low-
collisionality plasma would have no effect on turbulence
decay rates. On the other hand, recent studies of spon-
taneous magnetic reconnection indicate that collision-
less effects can be very important, increasing the rate
of reconnection, and that the Hall effect correction to
Ohm’s Law is perhaps the most crucial modification
to MHD results. In the latter perspective one might
expect that Hall effect facilitates the small scale recon-
nection events that typify MHD turbulence cascade and
dissipation. The question naturally arises then as to
whether Hall effect indeed does modify turbulent decay
rates, and whether control of decay by large scale ed-
dies remains relevant in collisonless plasma turbulence.
We address this issue by comparison of direct high res-
olution simulations of ordinary compressible resistive
MHD and Hall-modified MHD (HMHD) equations. We
conclude, for low cross helicity turbulence over a sub-
stantial range of plasma beta, that Hall effect has no
substantial effect on turbulent decay rates, which re-
main well described by a cascade theory controlled by
large scale fluctuations. This research supported in
part by NSF grants ATM-0105254, ATM-9977692 and
ATM-0096324.
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Acceleration and Heating of the Fast
Solar Wind by Ion-Cyclotron and
MHD Waves

Leon Ofman (301 286 9913;
Leon.Ofman@gsfc.nasa.gov)

Catholic University of America , NASA GSFC Code
682, Greenbelt, MD 20771, United States

The basic plasma properties of the fast solar wind
as deduced from observations suggest that both, high
frequency ion-cyclotron waves, and low frequency MHD
waves play a role in the acceleration and heating of the
coronal hole plasma. The heating due to high-frequency
waves is particularly important in minor ions, such as
O5+. I will present the results of 3-fluid, simulations of
the solar wind plasma that combine the effects of ion-
cyclotron, and MHD waves. The low frequency waves
are included self-consistently as the source of momen-
tum and heating of protons and electrons. Additional
heat and momentum input terms due to ion-cyclotron
waves are included in protons and minor ions. The 3-
fluid gyrotropic model allows for T⊥ > T‖ of the ions

in accordance with observations. The heating term that
contributes mostly to the perpendicular temperature of
minor ions is constructed using the saturated state of
the hybrid kinetic model of the solar wind plasma at
several locations in the coronal hole, with the plasma
β and other parameters varying with radial distance.
Iterative update of these parameters is planed in a fu-
ture study. The temperature anisotropy estimated from
SOHO UVCS spectral observations is used to constrain
the hybrid kinetic modeling. Ulysses and Helios obser-
vations are used to constrain the asymptotic solar wind
speed and mass flux.
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Hybrid simulations of plasma expansion

Petr Hellinger1 (helinger@ufa.cas.cz)
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We study effects of radial expansion of solar-wind
plasma on temperatures of protons and alphas, and
on a drift velocity between the two populations. The
double adiabatic approximation predicts that the ra-
dial expansion leads to an important ion temperature
anisotropies, since the perpendicular temperature de-
creases and the parallel one is constant. The adiabatic
approximation also predicts that the ratio between the
drift velocity and the local Alfven velocity increases
during the expansion. Such phenomena are not ob-
served in the solar wind and there are different physi-
cal mechanisms that can explain this effect. One of the
mechanisms is a local generation of instabilities driven
by a temperature anisotropy and/or by a drift velocity.
We use a modified version of one and two dimensional
hybrid code, a Hybrid Expanding Box (HEB) code. We
study the evolution of an expanding plasma consisting
of protons and alphas with a drift between them in two
case: for cold protons and alphas and for hot protons
and alphas. The HEB simulations show that the locally
driven instabilities are able to destroy the adiabaticity
in the two cases. We discuss the results and compare
them with linear theory and observations.
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Theoretical Predictions for
Interplanetary Type II Radio Bursts
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Type II solar radio bursts have been observed for
more than 50 years. However, only in 1998 were the
first in situ observations obtained of an interplane-
tary type II source. These observations showed elec-
tron beams, Langmuir waves, and radio emission pro-
duced upstream of a rippled CME-driven interplane-
tary shock. We present here a semiquantitative model
of interplanetary type II radio bursts which involves:
electron reflection and acceleration at the shock front;
beam formation upstream of the shock via time-of-
flight effects; Langmuir wave growth driven by the elec-
tron beams; and the conversion of Langmuir waves into
freely propagating radiation by nonlinear wave-wave
processes. We use the model to investigate: (i) the
beam properties and volume emissivities of radiation as
functions of location; (ii) trends in the radiation flux
seen by a distant observer for varying solar wind and
shock parameters; and (iii) dynamic spectra for a shock
propagating from the solar corona to 1AU. Our predic-
tions are qualitatively and semi-quantitatively consis-
tent with available observations. The predicted emis-
sion depends most sensitively on the speed of the shock
relative to the solar wind. Strong correlations are also
predicted between the intensity of fundamental emis-
sion and the level of nonthermal electrons present in
the tail of the incident solar wind electron distribu-
tion. Harmonic emission is predicted to be most sen-
sitive to variations in the solar wind electron tempera-
ture. These results indicate that the bursty nature of
typical type II observations is consistent with a shock
propagating through an inhomogeneous solar wind.
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Some new statistical studies on MHD
turbulence in the solar wind

Tohru Hada1 (hada@esst.kyushu-u.ac.jp)
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MHD turbulence is ubiquitous in space. In particu-
lar, those found in the foreshock region of the earth’s
bowshock typically have normalized magnetic field am-
plitude equal or even greater than unity, and are thus
regarded as excellent examples for nonlinear wave re-
search. With an emphasis on elucidating nonlinear
processes contained in the data, we present our recent
progress in analyzing the foreshock magnetic field data
obtained by GEOTAIL spacecraft from some new per-
spectives. In particular, we discuss presence, evolution,
and origin of phase coherence among MHD waves. De-
tails of the method of the analyses and the results will
be presented at the meeting.
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Anomalous diffusion of energetic
particles in MHD turbulence
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Diffusive transport of charged particles in a colli-
sionless plasma is one of the central issues in space
plasma research. Most of the conventional arguments
are based on a classical diffusion model, a second or-
der linear diffusion equation with a prescribed diffusion
coefficient. Underlying assumptions are the low tur-
bulence level and the lack of phase coherence among
the waves. In real MHD turbulence in space, however,
both of these assumptions are likely to be violated in
many circumstances. We introduce a simple mathemat-
ical model to describe particles trajectories in the tur-
bulence field, where the turbulence is assumed to be
composed of multi-scale eddies. Details of the model
as well as comparison of the results with test particle
simulations will be presented.
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Downshifted waves in electron foreshock
region: Cluster observations and
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Jean-Louis Pinćon1; Malcolm Dunlop2; Pavel
Travnicek3; Steven Schwartz4; Stuart Bale5;
Andre Balogh6; Nicole Cornilleau-Wehrlin7;
Andrew Fazakereley8
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WHISPER measurements onboard four Cluster

satellites during the Earth’s bow shock crossing on Jan-
uary 24, 2001, have shown the presence of two types of
high frequency electrostatic waves in the electron fore-
shock region: Langmuir and downshifted waves with
the frequencies between electron and ion plasma fre-
quencies. The downshifted waves are observed up-
stream of the shock front and they grow up just in the
vicinity of the forward edge of the whistler precursor
wave train. An analysis of electron distribution func-
tion does not show any signature of a high energy beam,
however, it shows the growth of low-energy nonther-
mal electron fluxes. The electron distribution function
integrated over the perpendicular velocity components
does not have a resolution that is sufficient to identify
unambiguously the presence of the beam-type feature,
but gives an indication that a beam can exist. The-
oretical analysis of the characteristics of the reflected
electron population with the use of the measured mag-
netic and electric fields gives strong arguments in favor
of such a hypothesis. Stability analysis shows that the
two wave modes can be simultaneously generated due
to a plasma-beam instability in a plasma, where the rel-
ative velocity of cold and hot components is compara-
ble with the thermal velocity of the hot component. An
estimate of the saturation level of the waves gives char-
acteristic amplitudes which are similar to observed.
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High Mach Number Nonstationary
Shocks: Heating and Acceleration of
Electrons
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Collisionless quasiperpendicular shock waves with
Mach number larger than some critical value, M >
M∗

cr, undergo a quasiperiodic reformation process that
consists in overturning of the shock front and forma-
tion of the new one from the growing precursor whistler
wave train upstream of the previous shock front. The
overturning process results in the growth of magnetic
field gradients up to very large values and in the for-
mation of the region with extremely large amplitudes
of the electric field.

The electric field in the vicinity of the overturning
point in MHD approximation grows explosively up to
infinity. The growth can be arrested either by the ki-
netic effects, or by dispersion and/or dissipation. How-
ever, within a quite narrow region in the shock front
the electric field can become large enough to ensure
about 1/3 of the total potential jump across the shock
front. This electric field increase can provide additional
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mechanisms of the energy dissipation and particle ac-
celeration. Two possible effects are shown to play an
important role: the growth of the efficiency of the surf-
ing acceleration mechanism and direct acceleration due
to the explosive growth of the electric field.
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Kinetic simulation of ion heating by ion
cyclotron waves

XING LI (xxl@aber.ac.uk)

University of Wales, Aberystwyth, Penglais, Aberyst-
wyth SY23 3BZ, United Kingdom
The heating of ions by ion cyclotron waves in a low

beta collision-less plasma such as the inner corona is
investigated by fully non-linear kinetic simulation. It
will be shown that ions are preferentially in the di-
rection perpendicular to the magnetic field in the first
stage leading to a strong temperature anisotropy. How-
ever, ions in the parallel direction will also be strongly
heated. Detailed ion velocity distributions will be pre-
sented. Ion cyclotron waves are able to make ion veloc-
ity distributions extremely non-Maxwellian. The impli-
cations for the coronal heating by ion cyclotron waves
will be discussed.

SH21A MCC: Hall D Tuesday
0830h

Heliospheric and Interplanetary
Physics Posters (joint with SM)

Presiding: N U Crooker, Boston
University
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ICME Identification from Solar Wind
Ion Measurements
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C T Russell1 (ctrussell@igpp.ucla.edu)
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In the solar corona, coronal mass ejections are gen-

erally identified as an outward moving density enhance-
ment. At 1AU their interplanetary counterparts are
generally identified as a twisted and enhanced mag-
netic structures lasting of the order of a day. In an
effort to better classify ICMEs we attempt herein to
identify their start and stop time by their signatures in
ion data obtained by Wind and ACE solar wind instru-
ments. We search for periods in which the solar wind
speed is linearly decreasing and the ion temperature is
cool, with a thermal speed of less than 20 km/s. We
required a simultaneous enhanced magnetic field but
required no special signature of this enhancement. We
compared these identifications with those made by D.
Larson and R. P. Lepping and published on the web.
Of 14 events, 4 were not identified as ICMEs by ei-
ther Larson or Lepping. Similarly they identified many
events that we did not, often because the ion temper-
ature was above our classification threshold, but also
because there was no clear speed decrease as the event
crossed the spacecraft as would signal an expanding
structure. The best events in Larson and Lepping’s list
had a rate of speed decrease that, if due to the expan-
sion of the structure with distance from the sun moving
at the average observed speed, would bring the struc-
ture from zero width to the present size in its calculated
transit time. We conclude that cold ion temperatures
and a declining solar wind velocity are frequent ICME
signatures but are neither necessary nor sufficient for
ICME identification.
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To optimize the information from maps of the sky

that cover large elongations we have developed a Com-
puter Assisted Tomography (CAT) program that mod-
els these using a time-dependent three-dimensional he-
liospheric model to fit Thomson scattering or STELab

(Nagoya University) interplanetary scintillation (IPS)
observations. The duration of a CME event (typically
several days) imposes the restriction that the recon-
struction model primarily uses outward solar wind mo-
tion to give perspective views of each point in space.
The results to date are commensurate with the ob-
servational coverage, temporal and spatial resolution,
and signal to noise available from the original data.
We provide remote observer views of IPS-based recon-
structions of halo CMEs also observed by the LASCO
coronagraphs. We practice our modeling techniques by
making these views available in real time to forecast
halo CME Earth-arrival. Here we explore the locations
and shapes of a few select halo CMEs and their three-
dimensional velocity structure in order to determine
whether they will hit or miss the Earth.

This work is supported by NASA grant NAG5-8504
and AFOSR grant F49620-01-1-0054.

URL: http://casswww.ucsd.edu/solar/
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From suprathermal electron measurements, we know
that magnetic clouds at 1 AU contain a mix of primarily
open and closed magnetic field lines and that the open
field lines constitute roughly 40%, on average. Pre-
sumably these open field lines are created gradually by
interchange reconnection in one leg of the cloud back
at the Sun, where an open field line reconnects with a
field line in the cloud that is attached to the Sun at
both ends, thus interchanging a closed loop in the he-
liosphere for a closed loop in the corona. What is not
known is whether interchange reconnection continues
well beyond 1 AU until clouds become completely open.
The answer to this question has important implications
for the heliospheric magnetic flux budget, since closed
fields in interplanetary coronal mass ejections (ICMEs)
build up flux in the heliosphere. Although clouds are
a small fraction of all ICMEs, they provide more accu-
rate measures of total open flux because their bound-
aries are independent of the counterstreaming electron
signatures used to identify closed fields. We analyze
the clearest clouds in Ulysses data to determine the
percentage of open flux in each case, taking into ac-
count the fact that the percentage of open flux in clouds
at 1 AU decreases with increasing cloud size and that
cloud size increases with distance from the Sun. Pre-
liminary results suggest that clouds beyond 1 AU are
only slightly more open, implying that the rate of in-
terchange reconnection in the leg of an ICME slows sig-
nificantly when its leading portion is not far beyond 1
AU.
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A series of simulation runs in Cartesian coordinates
are carried out, using the BATS-R-US code, to inves-
tigate the loss of equilibrium of the 3D flux rope con-
figuration of Titov & Démoulin (1999) as a potential
CME initiation mechanism. All numerical experiments
are fully 3D and involve ideal magnetohydrodynamics.

Our results show that the criterion R >
√

2 L, de-
rived in the earlier study by neglecting the effects of
line-tying of the poloidal field, may be a necessary con-
dition for a loss of equilibrium, but it is not a sufficient
one. The line-tying of the ends of flux rope leads to a
much more stringent condition for an eruption to occur.

The question remains whether it is possible to get
a loss of equilibrium with the Titov & Démoulin model
which will lead to a CME-like eruption. We do find evi-
dence for a loss of equilibrium, but the resulting evolu-
tion of the system more closely resembles an impulsive-
type flare rather than a CME. Whether there is a region
of the model’s parameter space where CME-like erup-
tions can occur remains to be determined.
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The GENESIS mission was launched in August,
2001, and has been in an L1 halo orbit for over a
year. The primary purpose of the mission is to collect
solar-wind samples that will be returned to Earth in
2004 for high-precision isotopic and elemental analyses.
GENESIS uses conventional ion and electron spectrom-
eters to record solar-wind conditions during collection,
and to make real-time determinations of the solar-wind
regimes to facilitate collection of separate samples of
interstream (IS), coronal hole (CH), and coronal mass
ejection (CME) flows. Of particular interest is the use
of a bi-directional electron (BDE) index to determine
the presence of CMEs. And although GENESIS lacks
a magnetometer, the field vector, with sign ambiguity,
is determined by the electron direction, and matches
other spacecraft magnetometer data well. GENESIS
in-situ data and on-board regime determinations are
available on the web.

The data from Fall, 2001 were characterized by nu-
merous CME regimes (comprising 32% of the time in
the 4th quarter, based on the on-board algorithm), with
little CH flow (only 2%). A strong CH flow was ob-
served every solar rotation from mid-January through
late May. June was quiet, nearly all IS flow. The first
and second quarters of 2002 were approximately 28%
CME flow, with CH flow dropping from 18% to 6%.
The discovery of unexpectedly noticeable BDE signals
during CH flows at 1 AU (Steinberg et al., 2002) caused
us early on to modify our regime selection algorithm
to accommodate these. The on-board algorithm inten-
tionally errs on the side of overestimating CME flows in
order to keep the CH sample more pure. Comparisons
have been made of various compositional parameters
determined by Genesis (Barraclough et al., this meet-
ing) and by ACE SWICS (Reisenfeld et al., this meet-
ing) for times corresponding to the Genesis collection
periods for each of the three regimes.

The Genesis L1 halo orbit is ∼0.8 x 0.25 million km
radius, somewhat larger than the ∼0.3 x 0.2 and ∼0.7 x
0.2 million km orbits of ACE and SOHO, respectively,
presenting excellent opportunities for multi-spacecraft
observations at L1.

URL: http://genesis.lanl.gov
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A density model is developed for a coronal flux rope
with a specified magnetic field configuration. We find
that the flux-rope plasma density is depleted on axis,
where the magnetic field lines are least twisted. As-
suming that a flux-rope coronal mass ejection (CME)
results from the eruption of a pre-existing coronal flux
rope, the CME density is obtained.[1] The resulting
model CME is tested against the data by comput-
ing synthetic coronagraph images.[2] In the case that
these model CMEs are consistent with both the ana-
lytical calculation and with prior simulations of ”flux


