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We consider the 3D force-free flux rope configura-
tion which was proposed by Titov and Demoulin [As-
tron. Astrophys., 351, 707, 1999] as an approximation
to the observed topology of coronal structures lead-
ing to eruptive flares. This configuration consists of
a toroidal flux rope, oriented vertically, which inter-
sects the photospheric surface at some distance above
the center of the torus, along with several other pho-
tospheric sources which make up the potential back-
ground field in the corona. We extend the analysis of
this configuration to correctly implement the effects of
photospheric line-tying. We then investigate the equi-
librium properties of this configuration and the con-
ditions which yield an ideal loss of equilibrium. We
follow the subsequent eruption of the flux rope under
the assumption that the coronal portion retains a circu-
lar arc structure. Ultimately, this model will provide a
semi-analytic 3D description of the evolution of coronal
magnetic structures during an eruptive flare.
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To understand the role of magnetic reconnection in
the early stage of coronal mass ejections (CMEs), an
observational relationship is yet to be established be-
tween magnetic reconnection and the dynamical evo-
lution of the mass acceleration. We present measure-
ments of the magnetic reconnection rate, in terms of the
electric field inside the reconnecting current sheet and
the rate of magnetic flux convected into the diffusion
region, in two well observed two-ribbon flares, which
are compared with the dynamical evolution of filament
eruption and CMEs associated with the flares. We find
that there is a good temporal correlation between the
magnetic reconnection rate, represented by Egpee, and
the mass acceleration a in both events studied in this
paper. With the given temporal resolution, Epee and
a rise and decay together, and reach the maxima coin-
cidently. The time profile of Eyee also correlates well
with the flare non-thermal emission, both peaking dur-
ing the rise of soft X-ray emission. We also discuss
the magnitude and time scales of magnetic reconnec-
tion and mass acceleration revealed in the observations,
and explore the structure of the evolving flux rope with
available observations.
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Recent flare and CME observations have shown that
flux ropes are accelerated in the low corona in the form
of coronal mass ejections or filament eruptions or soft
X-ray plasma ejecta. The conclusion from these ob-
servations is that the most intense peak in the flare
hard X-ray emissions and the maximum rate of in-
crease in soft X-ray emission occur at the time of max-
imum acceleration of the flux rope’s rising motion.
To understand these observations we present results
of our 2-1/2D MHD simulations of arcade field evo-
lutions by employing a nonuniform anomalous resis-
tivity. The simulation results relate the flux rope’s
accelerated rising motion with an enhanced magnetic
reconnection rate and thus an enhanced reconnection
electric field in the current sheet during the flare rise
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phase. The simulation results provide good quantita-
tive agreement with observations of the acceleration of
flux ropes (CMEs) for several CME-flare events. For
the X-class flare events the peak reconnection electric
field is ~ O(103 V/m) or larger, enough to accelerate
electrons to over 100 keV in a field-aligned distance of
0.1 km and produce impulsive hard X-ray emission ob-
served during the flare rise phase, consistent with the
estimated reconnection rate obtained from the magne-
togram data and two-ribbon emissions. Comparisons of
the flux rope height, velocity and acceleration between
our simulation results and observed CME-flare events
will be presented.
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We discuss a filament eruption/coronal mass ejec-
tion (CME) associated flare event of GOES class M2.8
that occurred on November 17, 2001. This event
was observed simultaneously by Nobeyama RadioHe-
liograph (NoRH) at 17 and 34 GHz and by the Gi-
ant Meterwave Radio Telescope (GMRT) in India at
1060 MHz. The flare occurred in active region 9704 at
S18E41.
tion both as a dark feature against the solar disk and a
bright feature above the solar limb. The filament erup-
tion shows a very gradual onset and then a rapid accel-
eration phase coincident with the launch of a fast halo
CME. The flare on the disk in microwaves has a gradual
rise, a broad maximum and a gradual decay. At 1060
MHz, its time profile had three impulsive peaks. The
NoRH height—time plot of the filament shows a roughly
constant gradual acceleration for an hour, followed by a

NoRH observes the filament during its erup-

very abrupt acceleration coincident with the impulsive
phase of the associated flare. Soft X-ray images show
heating in a long loop underneath the filament prior to
the flare. The impulsive behavior of 1060 MHz emis-
sion combined with high brightness temperatures in-
dicated the existence of nonthermal electrons in loops
that clearly are not the same as the loops containing
the microwave-emitting electrons. The latter are dom-
inated by thermal bremsstrahlung and agree well with
the EUV and soft X-ray loops. This study is consis-
tent with recent findings that the rapid acceleration of
flare—associated CMEs is closely tied to the impulsive
phase of the flare. A trigger is required to cause the
rapid acceleration to occur at the same time as the flare
even though the two events are spatially well separated.
‘We speculate that this trigger is provided by some kind
of reconnection in the multiple flux systems that exist
between the flaring active region and the erupting fila-
ment.

SH21A-07 0940h

Acceleration of Fast CME: A
Parametric Study

S. T. Wul (256-824-6413; wus@cspar.uah.edu)
T. X. Zhang! (256-824-6297; zhangt@cspar.uah.edu)

Arjun Tan? (256-372-8115; atan@aamu.edu)

1The University of Alabama in Huntsville, Center for
Space Plasma & Aeronomic Research, Olin B. King
Technology Hall, Room S101, Huntsville, AL 35899,
United States

2 Alabama A & M University, Department of Physics,

Normal, AL 36762, United States

The analysis of LASCO/SOHO, Skylab and Solar
Maximum Mission (SMM) observations show that there
are many CMEs initiated with streamer and flux-rope
magnetic topology (Dere et al. 1999; St. Cyr et al.,
1999; Plunkett et al., 2000). Two types of CMEs
have been distinguished with different kinematic char-
acteristics (MacQueen and Fisher, 1983; Andrews and
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Howard, 2001). These are fast CMEs with high ini-
tial speeds (i.e. constant speed) and slow CMEs with
low initial speeds but gradual acceleration (i.e. accel-
erated CMEs). Efforts have been made to probe the
underlying physics responsible for these dual charac-
teristics. Low and Zhang (2002) proposed that fast
and slow CMEs result from initial topology of the mag-
netic field characterized by normal and inverse quies-
cent prominences, respectively. Liu et al. have success-
fully performed a numerical MHD simulation for this
scenario. In this presentation, we explore other pos-
sible processes using a 2.5D, time-dependent streamer
and flux-rope MHD model (Wu and Guo, 1997) to in-
vestigate the dual kinematic properties of the CMEs by
specifying the different initiation processes with a par-
ticular magnetic topology (i.e. inverse quiescent promi-
nence magnetic topology). Two typical initiation pro-
cesses are tested; (1) injection of the magnetic flux into
the flux-rope causes additional Lorentz force to desta-
bilize the streamer launching a CME (Wu et al., 1997)
resulting in a category slow CME and (2) draining the
plasma from the flux-rope together with flux injection
leads to a balloon instability due to the magnetic buoy-
ancy force which results in a impulsive eruption and
launches a fast CME. References Andrews, M.D. and
Howard, R.A., Space Sci. Rev., 95, 147, 2001 Dere,
K.P. et al., Ap. J., 529, 575, 1999 Lin, et al., Pro-
ceedings of ICSC 2003: Solar Variability as an Input to
the Earth’s Environemnt, ESA-SP-535, 2003 (in press).
Low, B.C. and Zhang, M., Ap. J., 564, L53, 2002.
MacQueen, R.M. and Fisher, R.R., Solar Phys. 89, 89,
1983. Plunket, S., et al., Solar Phys. 194, 321, 2000.
St. Cry., O.C. et al., J. Geophys. Res., 104, 12493,
1999. Wu, S.T. and Guo, W.P. in Coronal Mass Ejec-
tion, Geophys. Monogr. Ser. 99, (N. Crooker, et al.
eds.), AGU Washington, DC 1997. Wu, S.T. et al., So-
lar Phys., 175, 719, 1997.

SH21B MCC: Level 1
0830h

Interplanetary Physics II Posters

Tuesday

Prestding: S P Gary, Los Alamos
National Laboratory; M Velli,
University of Firenze

SH21B-0106 0830h POSTER

Bow Shock’s Geometry at the
Magnetospheric Flanks

Jan_Merkal (301-286-8751;
jan.merka@gsfc.nasa.gov)

Adam Szabol (adam.szabo@gsfc.nasa.gov)

Tom W. Narock? (tom.narock@gsfc.nasa.gov)

1Labora':ory for Extraterrestrial Physics,
NASA/GSFC, Code 696, Greenbelt, MD 20771

2EER Systems Inc., 3750 Centerview Drive, Chantilly,
VA 20151

During almost three decades of operation, the IMP-
8 satellite collected an extensive amount of both plasma
and magnetic field measurements. The entire dataset
has been searched for all Earth’s bow shock crossings
observed by IMP-8 and more then 11,000 crossings were
found. Due to the IMP-8’s orbital trajectory, most of
the bow shock crossings were observed at the magne-
tospheric flanks where the Xgse position was between
0 and -20 Re while the Zgse positions between -20 and
20 Re. About 5000 individual bow shock crossings were
used in this study to investigate the bow shock’s cross-
section: deviations from the circular profile, IMF ori-
entation and Mach number effects on its shape.
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The process of interaction of Solar wind with dusty
cometary coma is considered. The description is per-
formed on the basis of a self-consistent model which
takes into account solar radiation; dust particle charg-
ing; evaporation and formation of neutral particles;
photoionization; electric fields; the evolution of Solar
wind ions, cometary ions and dust particles; as well
as the dust charge variation. It is shown that the
presence of dust in cometary coma can modify shock
wave formed as a result of Solar wind interaction with
a comet. The outer shock wave (bow shock) can be
considered as an ion acoustic shock wave modified by
dust particle charging process. Possible formation of
dust structures in the region of the interaction of Solar
wind with cometary coma is discussed. The developed
model allows us to determine the shock front struc-
ture. For large enough dust densities (exceeding 100
cm ™3 near the comet nucleus) at the region of bow
shock front dust particles acquiring positive variable
charges influence drastically the structure of the shock
front. Its width is in accordance with the theory of
dust ion acoustic shocks [1, 2]. The work is supported
by the Russian Foundation for Basic Research (grants
No. 02-02-17369, 03-02-16664, 03-05-64813). [1] S.I.
Popel, M.Y. Yu, and V.N. Tsytovich, Phys. Plasmas
3, 4313 (1996). [2] S.I. Popel, A.A. Gisko, A.P. Golub’,
and T.V. Losseva et al. Phys. Plasmas 7, 2410 (2000).
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We present a new long-term geomagnetic index (the
IDV index) which has the property that it is a proxy
of the magnitude of the interplanetary magnetic field
at the Earth. The index is constructed (for any given
station) as the monthly (or yearly) average of the dif-
ferences (taken without regard to sign) of the hourly
mean values of the hour following local midnight be-
tween two consecutive days. It is similar to the classical
u-measure except that the differences are between one-
hour values rather than daily means. The IDV index
has a strong correlation (r=0.88) with the magnitude,
B, of the IMF, but is uncorrelated (r=0.09) with the
solar wind speed, V. Because other indices (e.g. aa and
our own IHV) are strongly correlated with BV**2, the
IDV index fords a way of separating the influence of B
and V and thus determining both.
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An Alfvén-cyclotron fluctuation of sufficiently short
wavelength has a strong proton cyclotron resonance at
propagation parallel to the background magnetic field
B, in a collisionless electron-proton plasma. As 0, the
angle between the fluctuation wavevector k and By in-
creases, proton cyclotron wave-particle interactions be-
come weaker and the electron Landau resonance be-
comes effective. Define the critical angle 6, beyond
which the proton cyclotron interaction becomes non-
resonant. Here linear Vlasov theory shows that this
critical angle is relatively independent of 8p over 0.001
< Bp < 0.10, but that 6, is a sensitive function of the
damping rate. Also, a particle-in-cell simulation was
carried out in a magnetized, homogeneous, collisionless
plasma of electrons and one ion species to study the
plasma response to the initial imposition of an Alfvén-
cyclotron wave at 6 > 6,. The computation shows
strong heating of the electrons in the direction parallel
to B, and the formation of a beam in the direction of
parallel wave phase propagation.
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It has been observed from visual and infrared spec-
tra that fine dust particles could be condensed into the
expanding shells of supernovae explosions. In that en-
vironment dust is charged by ion impact and injected
in the interstellar medium (ISM) at high initial speeds.
Traveling across the ISM, dust loses mass by sputtering
and the magnitude of its charge, due to secondary elec-
tron emission, is modified continuously. We analyze the
dynamical behavior of fine dust solving the charge, mo-
mentum and energy equations and taking into account
high initial speeds as well as very small dust particles
(micrometric size). From the results it is concluded
that dust travels long distances and remains in the ISM
for a long time. Probably its existence could be related
to heavy ions formation.
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The radiocarbon content of tree rings gives infor-
mation on the level of solar activity in the past. In
order to clarify the variations of solar activity during
the Spoerer Minimum (1416-1534 AD), we measured
the annual radiocarbon content of Japanese-cedar-tree
by using an accelerator mass spectrometer. We used
a time-frequency analysis to investigate the frequency
modulation and the amplitude variation of the 11-year
cycle of the radiocarbon content. As a result, it was
revealed that the ll-year cycle was stretched by sev-
eral years and the amplitude was weakened in the pe-
riod 1470-1520 AD, although the 1l-year cycle was not
modulated significantly in the other period of the Spo-
erer Minimum. As is well known, the length of the 11-
year cycle and the intensity of solar activity have an
anti correlation. Therefore, it became clear that solar
activity was strongly suppressed in this 50-year inter-
val.
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Recently, we suggested [Hollweg and Markovskii,
JGR, 107, No. 6, 2002; Markovskii and Hollweg, GRL,
29, No. 17, 2002] that the source of ion heating in
coronal holes is small-scale reconnection events (mi-
croflares) at the coronal base. The microflares launch
intermittent heat flux up into the corona exciting ion
cyclotron waves through a plasma microinstability. The
ions are heated by these waves during the microflare
bursts and then evolve with no energy input between
the bursts. We show that the structure of the proton
distribution in the relatively long time periods between
the microflares is determined by collisions at small he-
liocentric distances. At greater distances, the colli-
sional processes are replaced by similar processes due
to secondary instabilities. These are excited by the dis-
tortion of the distribution under the action of the mir-
ror force. At the same time, the heating during the
microflare bursts is not considerably affected either by
the collisions or by the secondary instabilities, because
of the short duration of the bursts. The overall coro-
nal heating by this mechanism is a summed effect of all
microflare bursts during the expansion time of the so-
lar wind and adiabatic cooling between the microflares.
Our calculations for the collision-dominated region sug-
gest that the overall heating is efficient enough to ac-
count for the acceleration of the fast solar wind in this
region. Further development of the model including the
collisionless region will be reported elsewhere.
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The count rate recorded by a neutron monitor at
South Pole, Antarctica displays a long-term decline
over the 22-year span from 1965 to 1987. The neu-
tron rate follows an 1l-year cycle with maxima at times
of low solar activity, but the 1987 peak rate was ap-
proximately 9% lower than the 1965 peak rate based
on 27-day averages. This change is much larger than
that recorded by any other neutron monitor. We sug-
gest that the South Pole monitor, owing to its unique
position at both high latitude and high altitude (2820
m), has enhanced sensitivity at ~1-2 GV relative to a
sea level monitor and may be responding to a change
in the intensity of primary cosmic rays in this rigid-
ity region. Measurements of cosmic rays made aboard
stratospheric balloons and on the IMP 8 spacecraft sup-
port the possibility of a long-term change in cosmic ray
intensity. This work was supported by NSF grant ATM-
0000315.

URL: http://www.bartol.udel.edu/~neutronm/
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The ”physics of complexity” in space plasmas is the
central theme of this exposition. It is demonstrated
that the sporadic and localized interactions of magnetic
coherent structures arising from the plasma resonances
can be the source for the coexistence of nonpropagating
spatiotemporal fluctuations and propagating modes.
Non-Gaussian probability distribution functions of the
intermittent fluctuations from direct numerical simula-
tions are obtained and discussed. Power spectra and
local intermittency measures using the wavelet analy-
ses are presented to display the spottiness of the small-
scale turbulent fluctuations and the non-uniformity of
coarse-grained dissipation that can lead to magnetic
topological reconfigurations. The technique of the dy-
namic renormalization group is applied to the study of
the scaling properties of such type of multiscale fluc-
tuations. Charged particle interactions with both the
propagating and nonpropagating portions of the inter-
mittent turbulence are also described. Illustrative ex-
amples are provided.

URL: http://space.mit.edu/geocosmo
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Magnetohydrodynamic (MHD) turbulence has been

considered for several decades as a possibly substantial

heat source for the solar chromosphere, corona, and
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heliosphere. However, it is still not well understood
how the turbulent fluctuations are generated and how
they evolve in frequency and wavenumber. Although
the dominant population of Alfvén waves near the Sun
must be propagating outwards, one also needs waves
propagating inwards in order to “seed” a turbulent cas-
cade. As a part of an ongoing study of various aspects
of solar MHD turbulence, we present a model of lin-
ear, non-WKB reflection of Alfvén waves that propa-
gate in both directions along an open magnetic flux
tube. Owur work differs from previous models in the
following ways. (1) The background plasma density,
magnetic field, and flow velocity are constrained em-
pirically from below the photosphere to distances past
1 AU. The successive merging of flux tubes on granu-
lar and supergranular scales is described using a two-
dimensional magnetostatic model of a magnetic net-
work element in the stratified solar atmosphere. (2)
The amplitudes of horizontal wave motions are speci-
fied only at the photosphere, based on previous analy-
ses of G-band bright point motions. Everywhere else
in the model the amplitudes of outward and inward
propagating waves are computed self-consistently. We
compare the resulting wave properties with observed
nonthermal motions in the chromosphere and corona,
radio scintillation measurements, and in-situ fluctua-
tion spectra. Quantities such as the MHD turbulent
heating rate and the non-WKB wave pressure are com-
puted, and the need for other sources of inward waves
(e.g., nonlinear reflection or scattering off density inho-
mogeneities) will also be discussed. This work is sup-
ported by the National Aeronautics and Space Adminis-
tration under grants NAG5-11913 and NAG5-12865 to
the Smithsonian Astrophysical Observatory, by Agen-
zia Spaziale Italiana, and by the Swiss contribution to
the ESA PRODEX program.
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By analyzing data from a network of high-latitude
neutron monitors,it is possible to derive the cosmic ray
angular distribution with greater accuracy and much
better time resolution than with the traditional method
of analyzing diurnal variations observed by a single
monitor. We report a new analysis of the cosmic ray
steady-state anisotropy using the 11-station ” Spaceship
Earth” network (and subsets thereof in years before the
full network was operational). From these measure-
ments we extract detailed new information on radial
and latitudinal gradients of cosmic ray density and the
cosmic ray scattering mean free path near Earth. The
anisotropy and its variation with the 1l-year sunspot
cycle and 22-year solar magnetic cycle provide a vital
observational basis for testing theories of cosmic ray
scattering and for understanding effects of drift and
magnetic helicity in the solar modulation of Galactic
cosmic rays. Supported by NSF grant ATM-0000315.
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Observations by Ulysses during its second out-of-
ecliptic orbit have shown that at high solar activity the
solar wind appears as a highly variable flow at all he-
liolatitudes. In the present study Ulysses data from
southern latitudes greater than 50 degrees are com-
pared to the contemporary ACE data on the ecliptic
plane to search for the presence of latitudinal effects in
the large-scale structure of the solar wind velocity. The
comparison is performed through a multi-scale statisti-
cal analysis of the velocity fluctuations at scales from 1
to 64 days. The results indicate that, from a statistical
point of view, no difference appears to exist between
the wind velocity pattern at the highest latitudes of
the Ulysses southern polar phase and that observed by
ACE on the ecliptic.
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A Statistical Study of Interplanetary
Shocks and Pressure Pulses Internal
to Magnetic Clouds
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We have canvassed the Wind magnetometer data
from launch in November of 1994 through May of 2002
searching for cases of interplanetary shocks and pres-
sure pulses internal to magnetic clouds. An internal
shock or pressure pulse is defined as an unbalanced
(in a pressure sense), sharp (quicker than 12 minutes),
large (AB/B>0.23) change in the magnitude of the
magnetic field within the boundaries of a magnetic
cloud. We have found nine cases in 68 clouds, so that
these shocks and pressure pulses occurred in about 13%
of the Wind magnetic clouds. Of those nine cases, six
occurred during the 1995-1998 period when the average
sunspot number was less than 90 while only three oc-
curred during the 1999-2002 period when the average
sunspot number was greater than 90, although roughly
equal numbers of magnetic clouds were observed over
the two periods (38 versus 30). These “internal” shocks
tend to occur in the latter half of the clouds, i.e., time-
wise, about two-thirds of the way through. In every
case, the field change is highly compressive at the shock
showing little or no change in angle during or after the
magnitude jump. In three of the nine cases, potential
external sources for these internal shocks and pressure
pulses have been identified, but in at least one of these
three cases, which identified a flare, no evidence for as-
sociated ejecta or shocks could be found [Collier et al.,
JGR, 106, 15,985, 2001].
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Comparisons Between Noise Storm
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In this poster, we present preliminary comparisons
between noise storm emissions and CME occurrences
as observed with the Nangay Radioheliograph and the
LASCO coronagraph on board SOHO. We looked for
modifications of the noise storm parameters (flux) and
possible appearances or disappearances temporarily as-
sociated with CME initiation and propagation in the
low corona. On-disk EUV images have also been used
to locate the area where the CMEs were originating
from.
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Nature of the Solar Wind Electron
Distribution Functions at 1 AU: Wind
Observations.
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The characteristics of the solar wind electron dis-
tribution functions (EDFs) at 1 AU are of great impor-
tance in many aspects, for instance in understanding
heat conduction, plasma microinstabilities and trans-
port, and origin and acceleration of the solar wind
plasma. It has been known for a long time that, in the
free solar wind, EDFs display both thermal (“core”)
and suprathermal (“halo” and “strahl”) populations;
more recently a “super-halo” population has also been
identified. The usual simplified model used to char-
acterize the observed solar wind EDF is a sum of
two bi-Maxwellians -the core-halo model-, with a core-
halo drift velocity oriented along the interplanetary
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magnetic field. Other recent works have emphasized
the Lorentzian nature of EDFs, i.e. the importance
of their suprathermal tails, which should play a cru-
cial role in the exospheric expansion of the slow and
fast solar wind. Based on either the core-halo or the
Lorentzian (or Kappa) models, kinetic instabilities in
space plasma have been discussed in the literature and
wave growth rates have been calculated. However nei-
ther model correctly characterizes the different features
of the observed EDFs, in particular their suprathermal
tails, which are well underestimated by the core-halo
model and on the contrary well overestimated by the
Kappa model. It is therefore important to determine
and characterize more precisely the nature of the EDF
suprathermal tails. The 3DP experiment on the WIND
spacecraft provides measurements of the full 3D elec-
tron distributions from energies of the order of few eV
to above 100 keV, with a high-sensitivity, wide dynamic
range, good energy and angular resolutions, and high
time resolution (3s). Wind’s in-ecliptic orbits cover
prolonged periods in the ambient -slow and fast- solar
wind near L1, during the last minimum of solar activ-
ity. New characteristics of EDFs are established and
their consequences in different field of space plasma
processes are discussed.
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Wind Observations of Whistler Waves
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Electron Heat Flux.
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A weak but persistent level of electromagnetic noise
with frequencies between the ion (f.; ~ 0.08 Hz) and
the electron (fee ~ 150 Hz) cyclotron frequencies has
been observed in the ambient solar wind for more than
25 years. It is commonly believed that these fluctua-
tions are due to whistler mode emissions, as their fre-
quency range suggests. Yet, the origin and the proper-
ties of that “background level” of waves and its role in
the electron heat flux regulation in the solar wind at
1 AU is still poorly understood. We present observa-
tions from the WAVES experiment on WIND, near L1
during 50 days close to the last minimum of solar ac-
tivity, using the FFT (Fast Fourier Transform) spectral
receivers and the TDS (Time Domain Sampler) wave-
form analyzer. Magnetic spectra and waveforms ob-
served between f.; and fce are used to determine the
properties of the waves. We analyze also the electron
heat flux measured by the 3D-Plasma experiment, in
relation to the background level of magnetic fluctua-
tions. First, the nature of the wave mode is discussed:
are they effectively whistler waves or, for example, ki-
netic Alfvén waves? Then, we show that these waves
are likely to play a role in the regulation of the heat
According to recent theories,
whistler waves reduce the intensity of the heat flux

flux in the solar wind.

through wave-particle scattering associated with a heat
flux instability. The possible source(s) of the waves are
finally discussed : are they the result of a heat flux in-
stability or the result of an existent nonlinear cascade
of Alfvénic-like fluctuations?
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New Insights Gained From the Study of
the PDF of Small Scale IMF
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Interplanetary MHD fluctuations are strongly af-
fected by the solar wind radial expansion. In a pre-
vious investigation we studied the radial evolution of
the probability distribution function (PDF) of mag-
netic field and velocity fluctuations within the inner
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heliosphere and found that the behaviour of these fluc-
tuations tended to resemble a Levy-flight statistics,
especially with increasing heliocentric distance from
the sun. We concluded that the observed behaviour
is mainly due to a competing action between stochas-
tic, propagating fluctuations and convected structures,
both contributing to solar wind turbulent fluctuations.
These two ingredients, which experience a different ra-
dial evolution, are represented by propagating Alfvénic
fluctuations and convected flux tubes, respectively.
In the present analysis we looked in more detail at
the PDF of high resolution magnetic field fluctuations
within the inner heliosphere gaining new interesting in-
sights about the nature of these fluctuations and the
topology of interplanetary magnetic field at small scale.
We finally discuss initial results from a simple model
which tries to resemble observations within fast and
slow wind with some success.
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We report an observation by Cluster-CIS of an
energetic (2-30 keV) upstream ion event present-
ing a clear double-peak spectrum. The lower-energy
(E ~ 3.5 keV) peak is associated with an ion beam
propagating along the magnetic field direction, while
the higher-energy peak is associated with gyrating ions.
Our analysis indicates that the gyrating ions had guid-
ing centers on field lines downstream of the field-
aligned component, but that both populations could be
sampled simultaneously due to gyroradius effect. We
find that downstream limit of the field-aligned beams
is populated with protons having a speed 1.5 times
the solar wind velocity, which is inconsistent with any
known shock-related emission mechanisms. The spatial
boundary separating the field-aligned beams from the
gyrating ion guiding centers corresponds well with the
ULF and intermediate ion foreshock boundary reported
in previous studies. Like the field-aligned beams, the
gyrating ions reported here have streaming speeds in-
consistent with any known shock emission mechanisms.
They probably result from instabilities excited by the
propagation of field-aligned beams present just up-
stream. Our interpretation of these observations pro-
vides a refinement of the usual framework for foreshock
morphology.
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MH4D: an Algorithm for MHD on a
Tetrahedral Grid
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MH4D (Magnetohydrodynamics on a TETRAhedral
Domain) is a massively-parallel, device-independent
numerical code for the solution of the resistive and vis-
cous MHD equations on an unstructured grid of tetra-
hedra. The unstructured grid allows the computational
domain to be of arbitrary shape and the resolution to
be increased in the regions of physical interest. Conse-
quently, a wide range of spatial scales can be studied
at the same time, for example active regions can be
embedded in the large scale corona. A variational for-
mulation of the differential operators ensures accuracy
and the preservation of the analytical properties of the
operators (V - B = 0), and self-adjointness of the resis-
tive and viscous operators. The combined semi-implicit
treatment of the waves and implicit formulation of the
diffusive operators can accommodate the wide range of
time scales present in the solar corona. The capability
of mesh refinement and coarsening is also included. We
have recently implemented the MHD operators and the
semi-implicit solve in the momentum equation and will
present preliminary results.
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Solar sails have been studied for a variety of mis-
sions and have the potential to provide cost effective,
propellantless propulsion that enables longer on-station
operation, increased scientific payload mass fraction,
and access to previously inaccessible orbits (e. g., non-
Keplerian, high solar latitudes, etc.). Research being
conducted by the In-Space Propulsion (ISP) Technolo-
gies Projects is at the forefront of NASA’s efforts to
mature propulsion technologies that will enable or en-
hance a variety of space science missions. Solar sail
propulsion systems will be required to meet the chal-
lenge of monitoring and predicting space weather by
the Office of Space Science’s (OSS) Living with a Star
(LWS) program. Near-to-mid-term mission needs in-
clude monitoring of solar activity and observations at
high solar latitudes. Work currently funded by the
ISP’s Solar Sail Propulsion (SSP) project is centered
around the quantitative demonstration of scalability of
present solar sail subsystem designs and concepts to
future mission requirements through ground testing of
hardware, computational modeling and analytical sim-
ulations. This talk will give an overview SSP’s flagship
development tasks, how this work will lead to a flight
validation and will scale to the size needed for the Solar
Polar Imager and L1-Diamond SEC roadmap missions
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We present results from a statistical study of coro-
nal mass ejection (CME) signatures. This study will
address the often complex and imprecise identification
of CME events in the heliosphere, particularly in terms
of ejecta boundaries. CME signatures include: a de-
scending velocity profile, a low in situ temperature,
a rotating and elevated magnetic field, bidirectional
suprathermal electrons, and enhanced composition pa-
rameters. CMEs rarely contain all of these signatures
and the boundaries of observed signatures are rarely
well aligned. In this paper various CME signatures will
be statistically examined, both independently and in
combination with one another. We hope to more ac-
curately define periods of CME ejecta and to better
understand the relationships between the various sig-
natures.
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Electron heat flux dropouts occur relatively fre-
quently in the solar wind. While they are a necessary
signature of flux that is disconnected from the Sun,
and knowledge of just how much flux is disconnected
is vital for discriminating between models of how the
Sun reverses its magnetic field, it is now becoming in-
creasingly clear that most dropouts are caused by some
other mechanism. We report on progress in understand-
ing that mechanism. Two factors contribute to elec-
tron heat flux in the solar wind: total flux integrated
over pitch angle, and pitch angle isotropy. The latter
correlates well with plasma beta, but the former does
not, implying that heat flux and isotropy are to some
degree independent and that pitch angle scattering in
high-beta plasma may contribute to isotropy. However,
drops in total integrated flux do seem to correlate with
the pitch angle isotropy but at scale sizes larger than
those of beta variations.. We use Wind data to per-
form correlations between total flux, isotropy and beta
to determine at which scales they are best correlated.
If total flux and beta are independent, we would ex-
pect their respective correlations with isotropy to oc-
cur at different scales. The scale at which each corre-
lation maximises provides valuable information on the
processes involved in heat flux dropouts and on the in-
terdependence between total flux, isotropy and plasma
beta.
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Several recent solar dynamo models have been pro-
posed which require the axisymmetric component of
the solar meridional circulation (MC) to penetrate sub-
stantially below the convective envelope, well into the
stably-stratified interior. In this poster we investi-
gate this possibility using a thin-shell approximation
which has recently been developed to study the stably-
stratified portion of the solar tachocline. Analytic and
numerical results are presented for the extent of MC
penetration as a function of amplitude and background
stratification (represented in the nondimensional thin-
shell system as the Rossby and Froude numbers). The
results indicate that substantial penetration of the
meridional circulation below the convective envelope is
unlikely. Furthermore, the analysis is closely related to
the classical Ekman layer analysis and may have addi-
tional geophysical applications.
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Recent ACE studies have found that solar electron
bursts associated with solar type III radio bursts are
commonly observed at energies below 1.4 keV. Solar
electron bursts are typically recognized by their char-
acteristic energy-time and pitch angle-time dispersion.
Durations of burst events from onset to decay can vary
from 1 hour to more than 30 hours, during which time
a single L1 halo-orbit spacecraft has swept across 0.5 to
17 degrees of solar longitude. The true spatial extent
of a solar burst event cannot be established from sin-
gle spacecraft time-series measurements, because such
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measurements carry an inherent spatial-temporal am-
biguity. In order to address spatial-temporal ambigu-
ity, we examine solar burst events from two spatially
separated spacecraft. We compare measurements us-
ing Genesis GEM and ACE SWEPAM-E, which are
nearly identical electron spectrometers. The Gene-
sis and ACE spacecraft both occupy L1 halo orbits
and can be separated by up to 1 million km. Most
burst events are strikingly similar at both spacecraft,
suggesting spatial extent much greater than the usual
ACE-Genesis separation distances. However, a number
of events show different onset times and distinctly dif-
ferent rise-time/decay-time behavior, consistent with
spatially varying structure. We present analysis of
several solar bursts in which the Genesis observations
clearly differ from the ACE observations, thereby giv-
ing evidence of spatial structure for those bursts.
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The SWEPAM experiment aboard the ACE space-
craft has observed approximately 300 solar electron
bursts below 1.4 keV. These low energy solar elec-
tron bursts are detected on interplanetary field lines
connected to, or surrounding, solar active regions and
are usually associated with solar type III radio bursts.
Detailed statistical analysis can aid in understanding
the physical mechanisms governing the acceleration and
transport of these suprathermal electrons. Here we re-
port the statistics of the rise and decay times, as well
as the energy and angle dispersion, of these bursts.
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In certain circumstances, astrophysical and labo-
ratory plasmas are characterized by time and spatial
length scales that are relatively fast and small com-
pared to ion gyro-periods and gyro-radii which can not
be explained by magnetohydrodynamical (MHD) de-
scription of plasmas (accruing on Alfven transit time).
A theory best suited for describing rapid electron time
scale phenomena is known as electron magnetohydrody-
namics (EMHD) in which Whistler waves are the char-
acteristic modes propagating along a self-consistent or
mean magnetic field. Whistler waves and electron dy-
namics are critical to many aspects of astrophysical
plasmas, such as the structure of collisionless quasi-
perpendicular shocks, to our understanding of magnetic
reconnection, dissipation and heating processes in the
solar wind, fast plasma opening switches, anomalous
diffusion of field in plasma, and others. In this work,
we investigate spectral transfer processes in the pres-
ence of a self-consistent or mean magnetic field in a two
dimensional EMHD model. Our investigation, based
upon fluid simulations, reveal that an initially isotropic
turbulent spectrum evolves into an anisotropic spec-
trum in the presence of a mean magnetic field. The
anisotropy varies systematically with the strength of
the external magnetic field. A particularly simple rela-
tionship between the anisotropy of the turbulence and
the external mean magnetic field emerges from the sim-
ulations. We find that the anisotropic cascades in the
EMHD turbulence acquire an almost linear relation-
ship with the magnitude of the external magnetic field.
Based on weak turbulence theory, we confirm that the
whistler waves mediate anisotropic cascades by sup-
pressing the spectral transfer in their direction of prop-
agation.
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Burstiness of observed wave emissions in space plas-
mas has been addressed via stochastic theories of
wave growth. These include elementary burst theo-
ries (EBT) of solar microwave spike burst, for exam-
ple, and stochastic growth theory (SGT) of type IT and
IIT radio bursts and other planetary and heliospheric
sources. These theories are unified here, the EBT and
SGT regimes are elucidated, and a new SGT regime is
uncovered. It is predicted that all the regimes have log-
normal wave-intensity statistics, but that EBT regimes
will have smaller numbers of random fluctuations than
SGT. This is consistent with published data. Simplified
equations for the dynamics of generalized SGT, cover-
ing both regimes, are proposed and their results are
compared with quasilinear and PIC simulations, and
with theory. This is the first direct evidence of SGT
from simulations.
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Because the majority of spacecraft that observe
Interplanetary Coronal Mass Ejections (ICMEs) have
been in the neighborhood of the Earth while the best
observations of Coronal Mass Ejection (CME) are of
ejections orthogonal to the Earth-sun line, the obser-
vation of a CME is not a prerequisite for defining an
ICME. Several observers (e.g. D. Larson, R. Lepping
and ourselves) have compiled lists of ICMEs based on
somewhat subjective criteria but derived from a com-
mon database, Wind and ACE solar wind and IMF mea-
surements. Some of the criteria include a stronger than
ambient magnetic field, a rotating magnetic field, low
beta, low ion temperature, declining velocity profile
and others. We examine these lists to determine what
properties are possessed by consensus ICMEs and what
produces an ambiguous ICME. Not all ICMEs that have
been identified are low beta structures, not all of them
are expanding and not all produce shocks. At times
even the magnetic profile of ICMEs is quite flat. One
of the major objectives of the in-situ investigations on
STEREO should be to use quadrature data to under-
stand the variety of apparent manifestations of ICMEs
at 1 AU.
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Wave spectra at frequencies near and below the pro-
ton cyclotron frequency can develop in coronal and so-
lar wind plasmas via turbulence and nonthermal parti-
cle processes. These spectra can often be described by
a decreasing power law in wave frequency (or wavenum-
ber). Ions can cyclotron resonate with these waves and
experience significant heating. Although protons are
dominant in the solar wind, other species can have im-
portant effects because with their lower cyclotron fre-
quencies they can resonate with waves of greater am-
plitude. We address the issue of how energy is dis-
tributed between different ion populations, particularly
how much energy passes to a minor species relative to
cases with only protons. We present hybrid numeri-
cal simulations with particle ions and fluid electrons of
the heating of protons alone and compare this to cases
with both protons and alpha particles. Wave spectra
are treated as phase random fields. We consider a range
of relative alpha number densities, temperatures, and
streaming speeds as well as different power law spec-
tra.
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Mitsuo Okal (oka@space.eps.s.u-tokyo.ac.jp)
Toshio Terasawal (terasawa@eps.s.u-tokyo.ac.jp)
Yoshifumi Saito? (saito@stp.isas.ac.jp)

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

1 University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-0033, Japan

2Institute of Space and Astronautical Science, 3-1-1
Yoshinodai, Sagamihara 229-8510, Japan

From the intensive measurements achieved during
the 1980s, a general consensus has been developed for
the generation mechanism of the field-aligned beams
(FABs) in the foreshock region of the earth’s bow shock.
For the shock with a shock angle between 30 and 60 de-
grees, a fraction (~2%) of the incoming solar wind ions
(~1keV) are considered to be semi-trapped at or near
the shock front and gets accelerated to about 10keV
through multiple reflection process. However, there
has been no observational evidence of the multiple re-
flections, although many theoretical attempts by test-
particle and hybrid simulation have supported the idea
of the multiple reflection. In this paper, we present
shock crossing events obtained by Geotail on October
19, 1995. This day is known for an encounter of a large
magnetic cloud with the earth, preceded by an inter-
planetary shock passage on October 18. The shape of
the bow shock was such that Geotail could skim along
the surface of the shock and experienced about 30 shock
crossings during the cloud passage. By focusing on a
particular shock event (M 4 ~3.2, 6, ~57°), we will
report an observational evidence of the multiple reflec-
tion with a help of test-particle simulation. Moreover,
a shock angle dependence of the FAB flux will be shown
from the statistical analysis utilizing the particle data
obtained during the events. Some implications from
hybrid simulations will also be presented in order to
interpret the observed features.
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Exploring the particle-wave coupling
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upstream ion foreshock: up to the
first Earth’s Lagrange (L1).
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Several events have been identified of an ion fore-
shock extending up to 250 RE upstream of the Earth.
These events occur mostly during periods of slowly
drifting radial interplanetary magnetic field (IMF)
when the l-min average values of the strengths of the
IMF and the solar wind (SW) speeds are mostly steady
(Berdichevsky et al., 1999%). Here we study the fre-
quency content, the polarization and the particle-wave
coupling using a cross-spectrum analysis. We do a qual-
itative analysis of the origin of this wave-activity using
the linear theory of plasma instabilities and explore the
possibility of trapping of these strongly scattered par-
ticle fluxes. In this study we present results for obser-
vations on June 11, July 13, and Aug 25, 1995. For
the study we use sampling times of waves and electron
data of 12 sec or higher resolution energetic particle
data. Solar wind plasma and magnetic field are col-
lected by the MFI, SWE, WAVES, and 3DP instruments
on Wind, and MGF and EPIC in GEOTAIL spacecraft.
The spectral technique used is based on a set of In-
strisic Modes resulting from an Emperical Decomposi-
tion Method inspired by the EMD method developed
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Spatial Intensity Gradients of Impulsive
Particle Events and Supradiffusive
Magnetic Fields
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The low-energy ion intensity profiles of impulsive
solar energetic particle (SEP) events display both sharp
(< 2.5 min) local gradients and larger scale (& 1 — 6
hour) dropouts, indicative of fast cross-field transport
on the larger scales in spite of restricted short-scale
transport. Rapid variations and modulations within
the few-hour long channels of enhanced intensity are
also observed. We show that the sharp gradients ob-
served in the intensity profiles of impulsive particle
events exist only because of the very strong supradiffu-
sion of the field lines on the short and medium scales,
due to the steep spectrum of magnetic turbulence mea-
We also argue that these inter-
mediate scales of magnetic turbulence may produce the
(2000) within

sured on these scales.

substructures observed by Mazur et al.
the larger channels.
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the Solar Corona and Solar Wind
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Greenbelt, MD 20771, United States

We present simulation results from a fully three-
dimensional MHD solar wind model with a tilted-dipole
magnetic field on the Sun, resembling conditions near
solar activity minimum. The polytropic single-fluid
MHD equations, which incorporate Alfvén wave mo-
mentum and energy addition in the WKB approxima-
tion, are solved in the corotating frame by a com-
bination of time-relaxation and marching-along-radius
methods. Boundary conditions are prescribed at the
coronal base and the computational region extends out
to 1 AU. We show that simulation results are in agree-
ment with the latitudinal profiles observed by Ulysses
during its first fast south-to-north transition in 1994-
1995.
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On May 10-11,

to anomalously low values of ~0.1 cm ™

1999 solar wind density dropped
The den-
sity depletion occurred on a relatively slow wind back-
ground in between of faster flows and was apparently
not associated with a coronal mass ejection or a fast
corotating stream. While magnetic field intensity did
not show a notable variation across the depletion, the

Cite abstracts as:

SWEPAM analyzer on the ACE spacecraft revealed an
abnormally strong non-radial flow component, with the
azimuthal speed peaking at ~100 km s~ 1. Usmanov et
al. [2000] suggested that the density anomaly was in
fact a rarefaction on the trailing edge of a relatively
faster flow and that the rarefaction formed as a result
of suppression of coronal outflow from a region that
earlier provided the faster solar wind. The suppres-
sion in turn was supposed to appear due to a quick
restructuring of solar magnetic fields during polar field
reversal. In present work, we show results of a two-
dimensional time-dependent MHD simulation in the
equatorial plane with initially longitude-homogeneous
Parker solar wind and spiraling magnetic being dis-
turbed by a slower velocity/higher density pulse on an
inner computational boundary at 20 solar radii. We
follow the development and propagation of the rarefac-
tion out to Earth orbit and compare pseudo-time series
with ACE measurements. We show that a strong rar-
efaction indeed can develop behind faster flow and that
simulation results and ACE observations are in good
agreement.
a relatively small variation across the density anomaly

The simulated radial magnetic field shows

compared to that in density. The stream interaction
generates strong azimuthal velocities in the slow flow
region, as observed. The simulation shows also a sub-
Alfvénic flow region embedded into the low density re-
gion. The sub-Alfvenic region does not extend all the
way to the Sun, but gets disconnected as the depletion
propagates to Earth orbit.
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Generation of Suprathermal Electrons
by Resonant Interaction with
‘Whistler Waves in the Solar Corona
and Wind
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Observations of solar wind electron velocity distri-
bution functions (VDFs) show pronounced deviations
from a Maxwellian. The number of suprathermal elec-
trons is strongly enhanced even under quiet solar con-
ditions. An assessment of the relaxation of a non-
Maxwellian coronal electron VDF shows that a coro-
nal origin of these suprathermal electrons is possible.
A model for the acceleration of suprathermal electrons
based on resonant interaction with whistler waves is
presented. This interaction is characterized by pitch-
angle diffusion of the electrons in the reference frame of
the waves. In the plasma rest frame, this leads to a sig-
nificant acceleration of electrons from small sunwards
velocities parallel to the background magnetic field to
high speeds perpendicular to it. A kinetic model is de-
veloped to study this mechanism in detail and to inves-
tigate the overall evolution of an electron VDF from the
transition region into the interplanetary space. Sim-
ulation results for the open magnetic structure of a
coronal funnel are presented. In the energy range of
several keV, they show a focussing of the suprather-
mal electrons in interplanetary space towards a nar-
and a strong enhancement of suprather-
mal electron fluxes due to whistler waves. Simulation
results for higher energies of several 10 keV are also pre-

row ”strahl”

sented, and effects of other wave modes than whistler
waves on the electron VDF are discussed.
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Sky Brightness and Transparency at the
National Solar Observatory at
Sacramento Peak
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Records of sky brightness and transparency have
been kept at the National Solar Observatory at Sacra-
mento Peak in Sunspot, NM, for the past 20 years. An-
nual variations and long-term trends will be analyzed
and presented.

URL: http://www.nso.edu/nsosp/

Fos.
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Evolution of Large-scale Solar Magnetic
Fields in a Flux-Transport Model
Including a Multi-cell Meridional
Flow

Eric _McDonald! (303-497-8325;
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Advances in helioseismology over the past decade
have enabled us to detect subsurface meridional flows
in the Sun. Some recent helioseismological analysis
(Giles 1999, Haber et al. 2002) has indicated a sub-
merged, reverse flow cell occurring at high latitudes of
the Sun’s northern hemisphere between 1998 and 2001.
Meridional circulation plays an important role in the
operation of a class of large-scale solar dynamo, the so-
called ”flux-transport” dynamo. In such dynamo mod-
els, the poleward drift of the large-scale solar magnetic
fields and the polar reversal process are explained by
the advective-diffusive transport of magnetic flux by
a meridional circulation with a poleward surface flow
component. Any temporal and spatial variations in the
meridional flow pattern are expected to greatly influ-
ence the evolution of large-scale magnetic fields in a
flux-transport dynamo. The aim of this paper is to ex-
plore the implications of a steady, multi-cell flow on
the advection of weak, large-scale, magnetic flux. We
present a simple, two-cell flux transport model operat-
ing in an r-theta cross-section of the northern hemi-
sphere. Azimuthal symmetry is assumed. Perform-
ing numerical flux-transport simulations with a reverse
flow cell at various latitudes, we demonstrate the effect
of this cell on the evolutionary pattern of the large-
scale diffuse fields. We also show how a flux concentra-
tion may occur at the latitude where the radial flows
of the two cells are sinking downward. This work is
supported by NASA grants W-19752, W-10107, and W-
10175. The National Center for Atmospheric Research
is sponsored by the National Science Foundation.
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Mirror Mode Structures in the Solar
Wind
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High thermal particle pressure-to-magnetic pressure
ratio plasmas, called high-beta plasmas, are ubiqui-
tous in space science. Often the energization processes
such as cross-field compression leads to temperature
anisotropies T /T” > 1 that drive the mirror instabil-
ity. For the nonuniform magnetic field, as in the solar
wind, the critical value of the temperature anisotropy
(T 1 /T)erit is calculated as a function of the back-
ground mirror ratio. The solar wind and the central
sheet in the Earth’s magnetosphere are two high beta
plasmas where pressure anisotropies occur such that
the mirror mode, or the firchose mode, can be a key
large scale plasma instability. The mirror mode insta-
bility generates strong changes to the magnetic field
strength in contrast to the firehose mode which is a per-
pendicular magnetic perturbation to the ambient mag-
netic field. Both signatures are observed in the solar
wind and the central plasma sheet. Here we present
new theoretical results the threshold of the mirror mode
in a local minimum of the magnetic field based on gy-
rokinetic equations.
vated to re-examine the issue of what is the critical con-

From these results, we are moti-

dition from the kinetic physics framework for the mir-
ror mode instability. The collisionless plasma breaks
the MHD assumption of zero divergence of the parallel
heat flux that is essential to obtain the classical double
adiabatic MHD theory stability criterion. When the di-
vergence of the thermal flux is included in a kinetic sta-
bility analysis for a uniform background magnetic field
anisotropy p /p|| the threshold for instability drops
dramatically from a factor of 6 to 1 for a high beta solar
wind plasma. We show that a deep mirror field signif-
icantly reduces the divergence of the parallel thermal
flux compared with that in the uniform B field, and
thus restores the critical anisotropy to a value between
1 and 6. By a variational principle we report the criti-
cal anisotropy threshold is approximately 1.86 for deep
wells. Nonlinear saturation of a mirror mode starting
in a uniform magnetic field will create a strong mirror
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field. Since the threshold shifts significantly toward the
CGL-MHD result as the mirror ratio increases, we can
estimate the saturation amplitude by using the kinetic
threshold. This work was supported by the National
Science Foundation Grant ATM-0229863 and the Na-
tional Institute for Fusion Science.

SH21B-0144 0830h POSTER

Interplanetary Disturbances With High
Values of the Solar Wind
Quasi-Invariant

Joseph Fainbergl (301 286-6940;
joseph.fainberg@nasa.gov)

Vladimir A. Osherovich? (301 286-3649;
vladimir@urap.gsfc.nasa.gov)

1NASA Goddard Space Flight Center, Code 692,
Greenbelt, MD 20771, United States

2NASA Goddard Space Flight Center, Code 690.2,
Greenbelt, MD 20771, United States

The wind quasi-invariant (QI) has been
introduced as the energy density ratio QI =
(B2/87)/(pv2/2) [Osherovich, Fainberg and Stone,
GRL, 26, 16, 2597, 1999]. B is the interplanetary mag-
netic field strength, v is the bulk velocity and p is the
plasma density. The significance of this result has been
supported by the studies of QI from 0.7 AU to 28 AU,
using data from Pioneer-Venus Orbiter and the Voy-
agers [Fainberg, Osherovich and Stone, GRL, 28, 8,
1447, 2001; Fainberg and Osherovich, Proc. 10th Eu-
ropean Sol. Phys. Mtg, ESA SP-506, vol. 1, 43, 2002].
Magnetic clouds have anomalously large values of QI
of 10-100 times higher than QI cdian
larger than average B and lower p due to the expansion.
We report the contribution of high QI events (not only
magnetic clouds) to the yearly QI based on hourly val-
ues of QI. The geomagnetic effectiveness of individual
high QI events and their impact on geomagnetic indices
will be discussed.

solar

because of their
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magnetosonic shock waves
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Shock surfing acceleration of protons to relativis-
tic energies by the magnetosonic shocks is analyzed.
For relativistic energies, contrary to the non-relativistic
case, the kinetic energy with which the accelerated par-
ticle bounces in the direction of shock normal decreases
Therefore the particle, being
initially trapped in front of the shock, can not over-
come potential barrier at the shock front and can re-
main in the acceleration region indefinitely . Another
possibility for particle to escape downstream from the
acceleration region is due to the erosion of the electric
repulsive force of the shock by the normal component
of the Lorentz force. This is why for effective accel-
eration, the electric field at the shock front must be
sufficiently large which is possible when the ambient

during the acceleration.

magnetic field is strong enough (electron cyclotron fre-
quency exceeds plasma frequency). Following this idea,
an application for the relativistic proton acceleration in
the solar corona is discussed in the paper.
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Discontinuities are known to be fundamental fea-
tures of the solar wind. Using both, magnetic field
data from all four Cluster spacecraft and plasma data
from the cis hia instrument on board spacecraft 1 and
3 a detailed analysis of interplanetary discontinuities is
accomplished. Having four close-by Minimum Variance
Analysis (MVA) normal estimates and one additional
estimate from relative timings (triangulation) the de-
termination of the discontinuity orientation is supe-
rior to past single spacecraft attempts. Serious con-
sequences of misleading interpretations of single space-
craft MVA results are assessed in our analysis. The
relative number of discontinuities being clearly identi-
fied as rotational is far less than past estimates suggest.
For the majority of discontinuities a definite classifica-
tion into RDs and TDs using magnetic field data only
is not possible. Therefore the use of plasma data is
inevitable. Necessary conditions for a discontinuity to
be rotational, as e.g. the polarization relation, are not
fulfilled by many of these discontinuities. Our analysis
allows the interpretation that the solar wind is domi-
nated by tangential and not by rotational discontinu-
ities.
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Further evidence of an interaction
between the solar wind and
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Interplanetary field enhancements (IFEs) are highly
unusual, sharply-peaked increases in the magnitude of
the heliospheric magnetic field. They have been found
in the solar wind over a wide range of heliocentric dis-
tances. Spatial clustering of IFEs detected near Venus
led to a link being found between some IFEs and dust
particles co-orbiting with asteroid 2201 Oljato. This
link suggested that the solar wind’s characteristics are
affected by its passage through localized concentrations
of dust. Here, evidence is presented of an association
between other IFEs and comet 122P /de Vico. Other ev-
idence in support of a dust-induced source for IFEs is
also described, including the draping of discontinuities
seen at many of the events, and the spatial coincidence
of some IFEs and locations where high-density meteor
streams are thought to exist. Possible processes respon-
sible for IFE formation are discussed, as well as impli-
cations for the remote study of cometary dust trails.
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The results of a statistical study of IMF Bz are pre-
sented for two minima of solar activity for the periods
of 1985-1987 and 1995-1997, related to negative and
positive polarity of the Sun’s magnetic field, respec-
tively. We found that IMF Bz is dependent on the mag-
nitude of IMF horizontal (Bx) component, IMF orien-
tation, and Sun’s magnetic field polarity. 1) The corre-
lation between IMF Bz and Bx is positive for positive
polarity and negative for negative polarity. 2) Posi-
tive and negative IMF Bz tends to occur predominantly
during IMF orientations significantly different from the
for positive polarity, positive IMF Bz
tends to occur around f less than 40 degree and nega-
tive IMF Bz around f =-60 degree where f is the mini-
mal angle measured counterclockwise from Parker spi-
ral direction to IMF vector in the horizontal plane. For
negative polarity, IMF Bz has the opposite behavior.
3) The effect of Sun’s magnetic field polarity is espe-
cially evident for IMF Bx more than 4 nT. In this case,
IMF Bz are predominantly negative for negative polar-
ity and positive for positive polarity, and the difference
between average IMF Bz for positive and negative Sun’s

Parker spiral:

magnetic field polarities is about 2 nT. Correlation co-
efficient characterizing the dependence of IMF Bz on
Sun’s magnetic field polarity is about 0.5 and increases
with increasing IMF Bx. The observed features of IMF
Bz may be caused by decreasing solar wind speed near
the HCS. As a result, portions of disturbed magnetic
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field lines slow down while approaching the HCS. This
leads to the rotation of IMF vector in the vertical and
horizontal planes. The observed dependences of IMF
Bz on IMF Bx, IMF orientation, and Sun’s magnetic
field polarity are qualitatively consistent with this hy-
pothesis.
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We study the short time acceleration of charged par-
ticles in turbulent fields obtained from direct numeri-
cal solutions of the compressible 3D MHD equations.
Different test particle simulations are performed, vary-
ing the ratio between the typical turbulent timescale
and the nominal gyroperiod of the particles. Starting
from monoenergetic particles moving at the character-
istic plasma Alfven speed, we find consistent accelera-
tion to high energies in times of the order of the turbu-
lent timescale. Extended power laws in the distribution
of particle energies are obtained, with different slopes
at intermediate and high energies. Linear scaling laws
of the maximum and mean energy of the particles with
the turbulent time / nominal gyroperiod ratio are ob-
served and mechanisms based on reconnecting fields are
proposed to explain them.
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We present results of project to improve geomag-
netic forecasts using physics based models driven by
solar observations. The Hybrid Heliospheric Modeling
System (HHMS) is a Sun to Earth system composed of
four models. The system is based on two existing (well
used) physics-based models, connected by a new em-
pirical model and followed by a second new empirical
model. The physics-based models are a Source Surface
(potential field) Current Sheet Model for the corona,
and a time dependent 3D MHD solar wind model. The
system is driven by a time series of photospheric mag-
netic maps composed from daily magnetograms. An
empirical relationship between magnetic flux tube ex-
pansion factor and solar wind speed at 0.1 AU is the
key element of the system. The solar wind model gives
a predicted time series of MHD parameters at the Sun-
Earth L1 Lagrange point and is verified against Omni,
Wind or ACE satellite data, depending on the time pe-
riod. The predicted time series at L1 is input to the
second empirical (data based) model to predict the ge-
omagnetic Ap index. Verification results for predicted
solar wind and Ap for the years 1993 through 2002 are
shown and compared with forecast skill of the official
Ap forecasts that were issued by the NOAA Space En-
vironment Center. Results show the HHMS should be
able to provide some useful numerical guidance to the
human forecasters in the declining phase of solar cycle
23, now underway.
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150 Day Periodicities in the Voyager 2
Plasma Data

Justin _Ashmalll (617-258-8030; ja@space.mit.edu)

John D Richardson! (617-253-6112;
jdr@space.mit.edu)

1Center for Space Research M.I.T., 77 Massachusetts
Ave, Cambridge, MA 02139-4301, United States

Launched over 26 years ago, Voyager 2 is now at
a radial distance greater than 71 AU and a latitude
of -28.7 degrees out of the ecliptic plane. Voyager 2
and the MIT Plasma Spectrometer continue to return
measurements daily. Periodicities with T ~ 150 days
have been observed in the solar wind by several authors.
Fourier and Lomb-Scargle periodograms of the uniquely
long Voyager 2 plasma density and bulk-speed data sets
(1978-2003) similarly show a strong component at pe-
riods of approximately 150 days. Dividing the data
into two (1978.0-1990.5 and 1990.5-2003.0) and taking
periodograms of the subsets shows a strong 150 day
component in the earlier data but not the latter. Pe-
riodograms of further sub-divisions of the data demon-
strate a definite time-variation in the spectral power
at periods around 150 days. To give a more quantita-
tive view of time-variation of the periodicities, wavelet-
analysis was employed. Initial results showed little
or no power in the wavelet power spectra around 150
days. By using unusually (temporally) large wavelets,
we demonstrate the existence of episodes of persistent
but low-power periodicities in the Voyager plasma data,
not detected by the smaller scale wavelets. Using large-
scale wavelets reveals two episodes of power at ~ 150
day periods (both several years long) in the density
data and one episode in the bulk-speed data. We com-
pare the bulk-speed and density results and discuss the
relationship of the episodes to spacecraft position (ra-
dial distance and latitude) as well as to the solar cycle.
Results are also compared to measurements of 150 day
periodicities by other authors. Voyager observations
are sponsored, in part, by NASA /JPL.
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Orientations of Correlated Wind and
ACE Features

Alan J Lazarus! (617-253-4284; ajl@space.mit.edu);
Justin Ashmalll (617-258-8030;
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(617-253-7611; jck@space.mit.edu); Ruth M
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Steinberg? (505-667-5308; jsteinberg@lanl.gov);
Keith W Ogilvied (301-286-5904;
keith.w.ogilvie@gsfc.nasa.gov); Adam Szabo®
(301-286-5726; Adam.Szabo@gsfc.nasa.gov);
Charles W Smith® (charles.smith@unh.edu); Qiang
Hu? (HUQIANG@BARTOL.UDEL.EDU)

1Center for Space Research, M.I.T., 77 Massachusetts
Ave, Cambridge, MA 02139-4301, United States

2Los Alamos National Laboratory, MS D466, Los
Alamos, NM 87545, United States

3Goddard Space Flight Center, Code 696.0, Green-
belt, MD 20771, United States

4Bart:ol Research Institute, University of Delaware,
217 Sharp Lab, Newark, DE 19716, United States

5Univ. of New Hampshire Institute for the Study
of Earth, Oceans and Space, 39 College Road,
Durham, NH 03824-3525, United States

In August 2000 Wind entered a unique orbit with
excursions in Yggp of iSUURE, ACE, in a standard L1
halo orbit, frequently observes solar wind features that
correlate well with those seen by Wind. By comparing
maximum-correlation lag times of features seen by ACE
and Wind in 2000-2001, we show the front normals of
these features are bounded by the radial direction and
the normal to the Parker spiral. Interplanetary shocks
are frequent and prominent features in the solar wind
during this period, consequently we separate shock nor-
mals from front normals of other well-correlated fea-
tures. We find that, on average, shocks travel in the ra-
dial direction in agreement with shock normal analysis
using Rankine-Hugoniot relations. In contrast, normals
of the other well-correlated features are distributed be-
tween the radial direction and the ortho-Parker direc-
tion. Wind observations are supported, in part, by
NASA/Goddard Space Flight Center
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A study of interplanetary propagation of
solar impulsive 1-100keV electron
events

Linghua Wangl’2 (windsound@ssl.berkeley.edu)

Cite abstracts as:
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Robert P. Linl:2 (boblin@ssl.berkeley.edu)
Sam Krucker? (Krucker@ssl.berkeley.edu)

Davin E. Larson? (davin@ssl.berkeley.edu)

lPhysics Department University of California, Berke-
ley, Physics Department University of California,
Berkeley, Berkeley, CA 94720, United States

2Space Science Laboratory University of Califor-
nia, Berkeley, Space Science Laboratory University
of California, Berkeley, Berkeley, CA 94720-7450,
United States
We study solar impulsive 1-100keV electron events
that exhibit clear velocity dispersion, as observed by
the 3D Plasma and Energetic Particle (3DP) instru-
ment on the WIND spacecraft. At the onset of those
impulsive electron events, the outward travelling elec-
trons are observed first, then the backward travel-
ling electrons are detected, mostly in high energy
range (>20keV) and sometimes in low energy range
(<20keV). The backward population must be produced
by scattering and/or magnetic mirroring in the inter-
planetary medium beyond 1 AU. For one impulsive
event observed on December 5,1997, we determine the
delay between the onset of the outward travelling elec-
trons and the onset of the backward travelling electrons
in different pitch angle ranges. We find that the delays
for 27, 40 and 66 keV electrons, respectively, are 10,
5.8 and 7.3 minutes at 10° pitch angle; 1.7,1.8 and 3
minutes at 30° pitch angle; 10.5, 6 and 7.2 minutes
at 55° pitch angle; 6.2, 3.2 and 4.2 minutes at 80°
pitch angle. Those time differences are not inversly pro-
portional to parallel velocity along the magnetic field
B, so the simple magnetic mirror is unlikely to be an
explanation. We investigate pitch angle scattering by
magnetic field fluctuations as a possible mechanism.

URL: http://sprg.ssl.berkeley.edu:80/  windsound/
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Solar Cycle Changes of Coronal
Streamer Properties

Leonard Strachan! (617-496-7569;
Istrachan@cfa.harvard.edu)

Michael Baham? (michaelb@i-55.com)
Mari Paz Miralles! (mmiralle@cfa.harvard.edu)

Alexander I—"alﬂasyuk1 (apansyuk@cfa.harvard.edu)

1Harvard-Smithsonian Center for Astrophysics, 60
Garden Street, MS-50, Cambridge, MA 02138,
United States

2Southern University and A&M College, Department
of Physics, Baton Rouge, LA 70813, United States

‘We have measured UV spectroscopic parameters, as
a function of height for more than 30 coronal stream-
ers in order to identify similarities between streamers
For the period
from 1996-2002, we provide line intensities, line widths,
and line ratios for the O VI 1032/1037 doublet and in-
tensities and line widths for the H I Ly-alpha line for
these streamers. From such measurements we can de-
rive plasma parameters (densities, temperatures, and

at different phases of the solar cycle.

outflow velocities) for 05+ and protons as a function of
heliocentric height (1.5 > r/Ro > 5) in the streamers.
This information is useful for setting empirical con-
straints on coronal heating and solar wind acceleration
in streamers. This work is supported by NASA Grant
NAG5-12781 to the Smithsonian Astrophysical Obser-
vatory and NASA subcontract OGSP21010200061SAO
awarded to SAO through a grant to Southern Universty
at Baton Rouge.
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Induced electric field and cross helicity
in solar wind fluctuations

Ben Breech! (breech@eecis.udel.edu)
William Matthaeus! (whm@udel.edu)
Leo Milanol (Imilano@bartol.udel.edu)

Charles Smith? (Charles.Smith@unh.edu)

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

2Institute for Earth, Oceans and Space, University of
New Hampshire, Durham, NH 03824, United States

Solar wind turbulence at 1 AU exhibits, on the one
hand, a frequent high degree of Alfvenicity (or, cross
helicity) and on the other hand, indications of a strong
magnetohydrodynamic (MHD) cascade. The former is
associated with a high degree of correlation of velocity
and magnetic field — in the limiting case they would
be aligned — while the latter requires nonzero values of
v X b so that the cascade is suppressed when the fluc-
tuation fields are aligned. Here we examine the statis-
tics of the induced MHD-scale electric field at 1AU, to

demonstrate how the degree of Alfvenicity is consistent
with the observed induced electric field. The statis-
tics support the view (Roberts et al, JGR, 92, 12023,
1987) that there remains at 1 AU some preference for
an Alfvenicity associated with outward traveling fluc-
tuations. However there is a dominance of non-Alfvenic
turbulence that is sufficient to account for the observed
distribution of induced electric field. A generic result is
obtained that explains the sin(v,b) distribution, which
is observed to peak at values corresponding to 90 de-
grees, even when some Alfvenic fluctuations (70 de-
grees” or 7180 degrees”) are present. This helps to
understand how Alfvenic fluctuations and turbulence
can coexist in the solar wind.
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Cassini UVIS Time-Series Observations
of Interplanetary H Lyman-alpha
Emissions

Wayne R Pryor! (520-426-4351;
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J. Hansen® (818-354-7675;
Candice.J.Hansen@jpl.nasa.gov); Joseph M.
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1Cen':ral Arizona College, 8470 N. Overfield Road,
Coolidge, AZ 85228, United States

2LASP/University of Colorado, 1234 Innovation
Drive, Boulder, CO 80303, United States

3Jet Propulsion Laboratory, 4800 Oak Grove Drive,
Pasadena, CA 91109, United States

The Cassini Ultraviolet Imaging Spectrograph
(UVIS) has been routinely obtaining high signal-to-
noise ratio measurements of interplanetary H Lyman-
alpha, H Lyman-beta, and He 58.4 nm emissions dur-
ing the cruise phase of its mission to Saturn. We report
here on the time-series Lyman-alpha data obtained to
date. These data can be compared to a model of the
interstellar H flowing through the heliosphere and il-
luminated by the Sun. Of particular interest in these
data is the presence of modulations due to the rotation
of solar active regions that strongly emit Lyman-alpha
radiation. We compare the observed modulations to
those predicted from our model. If the observed modu-
lations are damped compared to the model predictions,
this may be evidence for multiple scattering of solar
photons in the heliosphere. The amount of multiple
scattering is an indicator of the heliospheric H density,
a quantity that remains poorly constrained. Additional
background measurements are planned for the orbital
phase of the Cassini mission (2004-2008).
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Alfvén Wave Reflection and Turbulence
in the Solar Corona and Solar Wind

Andrea Verdinil (verdini@arcetri.astro.it)

Marco Vellil (velli@arcetri.astro.it)

1Dept. of Astronomy and Space Science, University of
Firenze, Largo E Fermi 2, Firenze, FI 50125, Italy

‘We solve the equations for Alfvén wave propaga-
tion along the magnetic field from the base of the solar
corona into the solar wind using a phenomenological
term for nonlinear interactions and dissipation, along
the lines of Dmitruk et al. 2002. Wave reflection due to
the gradients in the Alfvén and solar wind speed is ex-
plicitly taken into account as a source for the nonlinear
interactions, and regularity boundary conditions at the
Alfvénic critical point are imposed. Within the corona,
most of the wave reflection and nonlinear interactions
occur close to the solar base, though the dependence
on outward wave amplitude is non-trivial. Models in
which interacting waves have comparable frequencies
are considered as well as models in which the interac-
tion depends on the full spectrum of inward and out-
ward propagating modes. The relevance of Alfvén wave
reflection as a source for turbulent heating of coronal
holes and the fast solar wind is discussed, and our re-
sults are compared to previous work on the same topic.
Dmitruk,P.; Matthaeus,W.H.; Milano,L.J.; Oughton,S.;
Zank,G.P.; Mullan,D.J., 2002, “Coronal Heating Dis-
tribution Due to Low-Frequency, Wave-driven Turbu-
lence”, ApJ 575, 571.
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Simulations of Wave Particle
Interactions in the Expanding Solar
Wind in 1 and 2 Dimensions.

Marco Vellil'2 (velli@arcetri.astro.it)
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Bruce Goldstein? (bruce.goldstein@jpl.nasa.gov)
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1Dept. of Astronomy and Space Science, University of
Firenze, Largo E Fermi 2, Firenze, FI 50125, Italy

2Jet Propulsion Laboratory, 4800 Oak Grove Drive,
Pasadena, CA 91109

3Institute for Atmospheric Physics, Bo?ni IT 1401,
Prague 141 31

We present hybrid simulations of the interaction of
Alfvén and ion cyclotron waves with protons and he-
lium in the accelerating solar wind using the expand-
ing box model. We study how mirror force and wave-
particle interactions compete in shaping the distribu-
tion function both for protons and minor ions for a
range of initial fluctuation spectra and propagation di-
rections in 1 and 2 dimensions. The simulations are
discussed within the context of analytical and numeri-
cal models of the evolution of MHD turbulence in the
outer corona and accelerating solar wind, with the aim
of constraining the possible initial conditions leading
to the observed in situ evolution.
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Radial Evolution of the Non-thermal
Character of Electron Distribution
Functions in the Solar Wind

Milan Maksimovic! (33145077669;
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Janssen, Meudon 92195, France

2Depart:ment of Physics, West Virginia University,
Hodges Hall Box 6315, Morgantown, WV 26506,
United States

3Space Sciences Laboratory, University of California
Berkeley, 7 Gauss Way, Berkeley, CA 94720-7450,
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4Space Science and Engineering Division Southwest
Research Institute, P.O. Drawer 28510, San Anto-
nio, TX 78228-0510, United States

5Max-Planck—Institut fur Aeronomie, Max-Planck-
Strasse 2, Katlenburg-Lindau 37191, Germany

Observed electron distribution functions of the solar
wind permanently exhibit three different components :
a thermal core and a supra-thermal halo, which are al-
ways present at all pitch angles, and a sharply magnetic
field aligned ”strahl” which is usually antisunward-
moving. If the Coulomb collisions could explain the
relative isotropy of the core population, the origin of
the halo population and more specifically the origin of
its sunward-directed part remains unknown. Processes
invoking scattering of strahl electrons by shocks, coro-
tating interaction regions or other wave/particle inter-
actions have been invoked. We look for possible ob-
servationnal constraints on these processes by examin-
ing the radial evolution of the various populations of
the electron distribution functions in the solar wind.
For this purpose we combine HELIOS (0.3 to 0.7 AU),
WIND (1 AU) and ULYSSES (1.3 to 3 AU) observations
performed during fast solar wind periods at minimum
of activity.
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Structure of slow shocks and
intermediate shocks in a magnetized
plasma with heat conduction
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The structure of slow shocks in the presence of a
heat conduction parallel to the local magnetic field is
simulated from the set of MHD equations. In our study,
a pair of slow shocks is formed through the evolution
of a current sheet initiated by the presence of a nor-
mal magnetic field. At first we consider the case that
the tangential magnetic fields on the two side of ini-
tial current sheet are exactly antiparallel (By = 0) to
understand the effect of heat conduction, and the case
that the tangential magnetic fields are not excctly an-
tiparallel (By # 0). When By = 0 it is found that the
slow shock consists of two parts: the isothermal main
shock and foreshock. Across the main shock, jumps in
plasma density, velocity and magnetic field are signif-
icant, but the temperature is continuous. The plasma
density downstream of the main shock decreases with
time, while the downstream temperature increases with
time, keeping the downstream pressure constant. The
foreshock is featured by a smooth temperature varia-
tion and is formed due to the heat flow from down-
stream to upstream region. Finally the foreshock is
found to reach a steady state with a constant width
in the slow shock frame. When By # 0 the process
develops additional discontinuity, the time-dependent
intermediate shock (TDIS), which is different from the
rotational discontinuity. The plasma density and pres-
sure increase and the magnetic field decrease across
this TDIS. As in the By = 0 case, the plasma den-
sity downstream of the main shock decreases with time,
while the downstream temperature increases with time,
keeping the downstream pressure constant. In some
cases, the TDIS is embedded in the slow shock’s fore-
shock structure initially, and then moves out of the
foreshcok region. Define ¥ as the initial anngle be-
tween the tangential magnetic fields on the two sides
of current sheet. The propagation speed of foreshock
leading edge decreases with smaller ¥, and the steady
state of foreshock width is reached earlier. Both pres-
sure and temeprature downstream of the main shock
increase with U. The rotation angle of tangential mag-
netic field across TDIS develops with time, gradually
reaching the final state. The results can be applied to
the heating in the solar corona and solar wind.
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During mid-February the Comet C/2002 V1
(NEAT) passed through the field-of-view of the LASCO
C3 coronagraph on SOHO. The comet passed within 0.1
AU (about 20 solar radii) and displayed complex dust
and ion tails. The comet exhibited the brightest and
largest SOHO dust tail to date, with a peak gas produc-
tion rate similar to the huge rates calculated for C/1995
O1 Hale-Bopp and 96P/Machholz 1 at perihelion. Ad-
ditionally, a coronal mass ejection may have crossed
the comet’s tail at about the time the comet was pre-
dicted to cross the heliospheric current sheet, and this
may have been responsible for splitting the ion tail. We
discuss these observations and consider likely physical
mechanisms such as: solar wind charging of the dust by
the CME ion burden, dust disruption or dust emission
enhancement. We also compare solar wind speeds de-
rived from the ion tail measurements with theoretical
values.
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The Non-flare Emisson Measure Above
5 MK Observed By RHESSI and SXI

James M McTiernan! (510-643-9246;
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Since RHESSI was launched in February 2002, it has
observed thousands of solar flares. It also observes so-
lar emission above 3 keV when there are no observeable
flares present. In this work we present measurements
of the non-flare Temperature and Emission Measure for
the period from October 2002 through July 2003. The
temperature is relatively stable in the 6 - 8 MK range
(this is not surprising considering that RHESSI cannot
reliably measure temperatures less than about 5 MK).
The Emission Measure varies in the range from approx-
imately 1.0e49 to 1.0e50, with higher values associated
with periods of more solar activity. Since RHESSI is
an imaging spectrometer, we locate the source of the
emission when possible. Preliminary results show that
the source can be associated with active regions. We
also present comparisons with SXI data, and measure
the Differential Emission Measure for the range from 1
MK to 10 MK.
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Sensitivity of Time-Distance
Measurements to Local Changes in
Sound Speed and Source Properties
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1W.W. Hansen Experimental Physics Laboratory
Stanford University, 445 Via Palou, Stanford, CA
94305
In order to interpret time-distance measurements of
travel times it is important to understand the sensitiv-
ity of these measurements to different types of pertur-
bations to a solar model. We will show example sensi-
tivity functions for local perturbations to the sound-
speed, source strength, and source correlation time.
These examples show that the effect of a sound-speed
perturbation on the time-distance travel-times depends
on the details of the filtering. In particular, for narrow
phase-speed filters, the sensitivity functions do not re-
semble the now traditional banana-doughnut kernels.
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Masaya Hirano! (mhirano@stelab.nagoya-u.ac.jp);
Masayoshi Kojimal; Munetoshi Tokumarul;
Ken’ichi Fujikil; Tomoaki Ohmil; Masahiro
Yamashital; Kazuyuki Hakamada2; Keiji
Hayashi3

1Solar-Terrestrial Environment Laboratory, Nagoya
University, 3-13 Honohara, Toyokawa 442-8507,
Japan

2Department of Natural Science and Mathematics,
Chubu University, 1200 Matsumoto-cho, Kasugai
487-8501, Japan

3W. W. Hansen Experimental Physics Laboratory,
Stanford University, 455 Via Palou, Stanford, CA
94305-4085, United States

It is thought that interplanetary space is filled
by solar wind, which originates from coronal holes
of various sizes and that the structure of each coro-
nal hole is approximately uniform. Using this idea,
we have performed a correlation study between solar
wind velocity originating from coronal holes and pho-
tospheric/coronal magnetic fields from coronal holes.
Interplanetary scintillation (IPS) observations allow us
to estimate the global velocity structure in the solar
wind for each Carrington rotation. We applied a tomo-
graphic analysis using IPS data to obtain 2-dimentional
velocity distributions at 2.5 solar radii and then deter-
mined the average solar wind velocity, u, originating
from each coronal hole. Coronal holes are identified
using Fel and Hel observation from the NSO /Kitt Peak
and the average magnetic field strength, B, of each coro-
nal hole is calculated. Coronal magnetic fields above
the coronal hole are computed using a potential-field
source-surface model and the flux tube expansion rate,
f, is calculated for each coronal hole. We have calcu-
lated the correlation coefficient between u and a com-
bination of B and f (i.e. B™ /f") for 41 coronal holes.
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As a result, we have found that the value B/f shows a
higher correlation with u than the value B (deduced by
Fisk et. al. model, 1999) and the value f (deduced by
Wang and Sheeley model, 1991). We propose that the
parameter, B/f, is an important indicator of the solar
wind velocity originating from various kinds of coronal
holes.

URL: http://stesun5.stelab.nagoya-u.ac.jp/
index-e.html
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Interplanetary Electric Field and Solar
Open Magnetic Flux: no Increase
Since 1926.
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A correlation analysis between the interplanetary
electric field and the magnetograms recorded at God-
havn (Qeqertarsuaq), a polar cap geomagnetic observa-
tory, is performed. A direction, along which the lati-
tudinal dependence of the geomagnetic perturbation is
minimum, is found, and allows us to apply the corre-
lation results to pre-satelitte data, back to 1926. The
findings indicate no secular trend in the cross-polar cap
electric field, in the interplanetary electric field, and by
inference in the sun’s open magnetic flux, since 1926.
The result is independent of the aa geomagnetic index.
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In this investigation we examine the leading edge
orientation and morphology of ICMEs observed by in-
terplanetary spacecraft. In particular we compare and
contrast three independent techniques for determining
this leading edge orientation. First, if a magnetic cloud
is associated with an ICME then it is possible to fit a
constant alpha, force-free magnetic flux rope model to
the data. This allows the determination of axis orienta-
tions and chiralities. If planar magnetic structures are
present in the sheath region, general ahead of faster
ICMESs, then the orientations of these planes give in-
sights into the axis orientation and the shape of the
leading edge of the ICME. Finally, examining plasma
flow deflections, again in the sheath region, will also
give clues to the cross-sectional morphology as the de-
flections are linked to the leading edge morphology of
the ICME and its axis orientation.
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The Reuven Ramaty High Energy Solar Spectro-
scopic Imager (RHESSI) provides unique sensitivity in
the 3-15 keV energy range with an effective area ~100
times larger then similar past instruments. Microflares
have been observed with little emission above 15 keV
due to extremely steep spectra (spectral index of 8
with a low energy cutoff near 8 keV). Since the energy
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in non-thermal electrons is very sensitive to the value of
the power law and the low energy cutoff, observations
by RHESSI will give a better estimate of the total en-
ergy input into the corona. We present the first statis-
tical analysis of RHESSI microflares during times with
activity below GOES C Class and without solar type I11
radio storms. Currently, we have analyzed June 2002
and May 2003. Microflares are found through search-
ing for peaks 3¢ above background in the 6-12 keV data
range. The fluxes in the 3-6 keV 12-25 keV, and 50-100
keV bands are also recorded. Statistics on the following
flare characteristics are presented; max counts, total
counts, duration, GOES level. We have also analyzed
the equivalent WIND data set in search of correlated
solar type III radio bursts. Initial results show that
only a small number of RHESSI microflares are associ-
ated with interstellar type III radio bursts. This work
was supported by NASA contract NAS5-98033.
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Vector magnetograph observations of active regions
prior to large flares often show strongly sheared mag-
netic fields, and the associated Ha filaments show long
threads parallel to the neutral line. This suggests that
the filament is embedded in a horizontal flux tube that
is basically untwisted. In contrast, eruptive promi-
nences often show helical structures, suggesting a flux
rope with multiple twists. To reconcile these observa-
tions, we propose a model of the pre-eruptive state in
which an untwisted horizontal flux tube is held down
by an overlying magnetic arcade. Unlike in previous
models, electric currents flow mainly at the interface
between the two flux systems. The two ends of the
flux tube are anchored in the photosphere. We use
3D MHD modeling based on NSO/KP magnetograph
data to demonstrate that such a system can be in sta-
ble force-free equilibrium, provided the arcade field is
sufficiently strong to restrain the flux tube. A weak-
ening of the arcade or interaction with a neighboring
filament can cause loss of magnetostatic equilibrium,
resulting in the eruption of part of the flux tube (Stur-
rock et al. 2001, ApJ 548, 492). Magnetic reconnection
during the early phase of the eruption causes the arcade
field to be wrapped around the filament flux, creating
the unstable flux rope seen in erupting prominences.
The model is applied to Ha observations of a filament
obtained at the Swedish Vacuum Solar Telescope (La
Palma) and TRACE observation of its eruption on June
21-22, 1998.
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A brief review will be given of our current knowledge
of those eruptive solar events that involve both a flare
and a coronal mass ejection. The early initiation and
acceleration phases of the CME will be discussed to-
gether with the manifestations of the associated flare.
Emphasis will be placed on obervations of the erup-
tive event on 21 April 2002 observed in X-rays with the
Reuven Ramaty High Energy Solar Spectroscopic Im-
ager (RHESSI) and in the 195-A EUV band with the
Transition Region and Coronal Explorer (TRACE). In
particular, the altitudes of the coronal X-ray and EUV
sources and their variations with time and energy will
be presented. Also discussed will be the relative tim-
ing and spatial locations of the coronal and footpoint
emissions, and the detailed relation between the flare
and CME time lines. Possible interpretations of these
observations will be presented in terms of various mag-
netic reconnection models.
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In many of flares occurring near the solar limb, a
hot-plasma ejection is observed in soft X-rays during
the impulsive phase. This is a piece of evidence to
support flare models which are based on the cusp-type
magnetic reconnection in the corona. Sometimes a com-
pact hard X-ray source is observed above the soft X-ray
flaring loop at the same time. This clearly indicates
that the flare-energy release, probably magnetic recon-
nection, occurs above the soft X-ray loop. Fast recon-
nection downward flow impinges on the closed magnetic
loops and high-energy electrons are produced there. In
this scenario, the above-the-looptop hard X-ray source
is closely related to the reconnection downward flow.
How is the reconnection upward flow observed? Re-
cently it is found in the impulsive phase of an M-class
flare that a hard X-ray (above 20 keV) source exists
slightly below a soft X-ray ejected feature which is lo-
cated far above the soft X-ray flaring loop. This hard
X-ray source might be a counterpart of the hard X-
ray source mentioned above. This is caused by inter-
action between the reconnection upward flow and the
hot-plasma ejection. We discuss how such high-energy
electrons are produced there.
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On 2003 February 18, a polar crown filament dra-
matically erupted, becoming the core of a classic three
part Coronal Mass Ejection (CME). The event was well
observed from the disk to 30 solar radii in multiple
bands, some of which were at high cadence. Phenom-
ena observed include: high-latitude filament eruption,
the formation of two bright ribbons, soft X-ray coronal
dimmings, post-eruption arcade evolution, and a classi-
cal three-part CME. Specifically, the filament eruption
was seen on the disk and out to 1.3 solar radii in soft X-
rays, extreme ultraviolet, H-alpha, and He I 1083 nm.
The CME was visible in white light coronagraph im-
ages from 1.08 to 30 solar radii. Though post CME re-
connection arcades reached only the B5 level in GOES
XRS measurements, they were observed in hard X-rays
(at energies less than 12 keV), soft X-rays, extreme ul-
traviolet, and a two-ribbon flare structure was seen in
H-alpha and in He I 1083 nm. The observations were
conducted using GOES SXI, SOHO EIT and LASCO,
RHESSI, and the MLSO ACOS suite. We present the
results of our initial timing, height vs. time, and light
curve analyses of this event. The timing results address
issues of the simultaneity and sequence of filament mo-
tion, coronal dimming, CME ’launch’, and arcade for-
mation. The height versus time results are presented
for both the filament/CME core and the CME front to
provide observational constraints for CME acceleration
models. Finally, the arcade light curve results support
estimation of the magnetic reconnection rate for further
discrimination between model predictions.

SH21C-05 1130h

Evidence for the Formation of
Large-Scale Current Sheets in Three
Solar Flares

Linhui Suil'2 (3012865345;
lhsui@stars.gsfc.nasa.gov)

Gordon D. Holman? (holman@stars.gsfc.nasa.gov)

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



