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second peak, which is difficult to understand in terms
of transport along a standard Archimedean spiral mag-
netic field or a second injection near the Sun. Here we
present an analysis of selected polar monitors, a sub-
set of the present-day Spaceship Earth network, which
provide a clean measurement of the directional distri-
bution of solar energetic particles at ∼ 1-3 GV. The
omnidirectional intensity dips after the initial spike,
followed by a nearly isotropic hump and a slow decay.
The intensity and anisotropy data are fit by simulating
the particle transport for various magnetic field config-
urations and determining the best-fit injection function
near the Sun. The data are not well fit for a magnetic
bottleneck beyond Earth or for particle injection along
one leg of a closed magnetic loop. A model with si-
multaneous injection along both legs of a closed loop
provides the best explanation: particles moving along
the near leg make up the spike, those coming from
the far leg make up the hump, and trapping in the
loop accounts for the slow decay of the intensity. This
work was supported by the Thailand Research Fund,
the Rachadapisek Sompoj Fund of Chulalongkorn Uni-
versity, and NSF grant ATM-0000315.
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Observations of energetic ion acceleration at inter-

planetary shocks sometimes indicate a spectral rollover
at ∼ 0.1 to 1 MeV nucl−1. This rollover is not well
explained by finite shock width or thickness effects. At
the same time, a typical timescale of diffusive shock
acceleration is several days, implying that the process
of shock acceleration at an interplanetary shock near
Earth usually gives only a mild increase in energy to
an existing seed particle population. This is consis-
tent with a recent analysis of ACE observations that
argues for a seed population at substantially higher en-
ergies than the solar wind. Therefore an explanation
of typical spectra of interplanetary shock-accelerated
ions requires a theory of finite-time shock acceleration,
which for long times (or an unusually fast acceleration
timescale) tends to the steady-state result of a power-
law spectrum. We present analytic and numerical mod-
els of finite-time shock acceleration. For a given injec-
tion momentum p0, after a very short time there is only
a small boost in momentum, at intermediate times the
spectrum is a power law with a hump and steep cutoff
at a critical momentum, and at longer times the criti-
cal momentum increases and the spectrum approaches
the steady-state power law. The composition depen-
dence of the critical momentum is different from that
obtained for other cutoff mechanisms. The results are
compared with observed spectra. Work in Thailand
was supported by the Commission for Higher Educa-
tion, the Rachadapisek Sompoj Fund of Chulalongkorn
University, and the Thailand Research Fund. Work at
the University of Maryland was supported by NASA
contract NAS5-30927 and NASA grant PC 251428.
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Although magnetic field lines in space are believed

to undergo a diffusive random walk in the long-distance

limit, observed dropouts of solar energetic particles, as
well as computer simulations, indicate sharply defined
filaments in which interplanetary magnetic field lines
have been temporarily trapped. We identify mecha-
nisms that can explain such sharp boundaries in the
framework of 2D+slab turbulence, a model that pro-
vides a good explanation of solar wind turbulence spec-
tra and the parallel transport of solar energetic parti-
cles. Local trapping boundaries (LTBs) are empirically
defined as trajectories of 2D turbulence where the mean
2D field is a local maximum. In computer simulations,
the filaments (or “islands” in the two dimensions per-
pendicular to the mean field) that are most resistant to
slab diffusion correspond closely to the mathematically
defined LTBs, that is, there is a mathematical prescrip-
tion for defining the trapping regions. Furthermore,
we provide computational evidence and a theoretical
explanation that strong 2D turbulence can inhibit dif-
fusion due to the slab component. Therefore, while
these filaments are basically defined by the small-scale
topology of 2D turbulence, there can be sharp trap-
ping boundaries where the 2D field is strongest. This
work was supported by the Thailand Research Fund,
the Rachadapisek Sompoj Fund of Chulalongkorn Uni-
versity, and NASA Grant NAG5-11603. G.R. thanks
Mahidol University for its hospitality and the Thailand
Commission for Higher Education for travel support.
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Recently a nonlinear theory for perpendicular diffu-
sion of charged particles was presented [1]. This theory
is called the Nonlinear Guiding Center (NLGC) theory
and provides an integral equation for the perpendicu-
lar mean free path. Here we report on analytical so-
lutions of this equation in the case of magnetostatic
turbulence. The resulting formulas for the perpendic-
ular mean free path are discussed. We also compare
these new results with results of the quasilinear the-
ory (QLT) for parallel diffusion and with observational
results [2]. This research supported in part by NSF
grant ATM-0000315 and NASA grant NAG5-11603. [1]
W H. Matthaeus, G. Qin, J. W. Bieber and G. P. Zank,
Astrophys. J., 590, L53 (2003) [2] I. D. Palmer, Rev.
Geophys. Space Phys., 20, 2, 335 (1982)
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A global solar wind turbulence model is considered
in a simulation domain which spans from close to the
Sun to 100 AU and excludes the effect of termina-
tion shock at present. The four governing equations
that model the turbulence describe fluctuation energy,
correlation scale, temperature, and cross-helicity ev-
erywhere in the heliosphere. The transport equation
for cross-helicity is new in this simulation [1]. These
four equations are solved numerically along every ra-
dial direction in our simulation domain. The parame-
ters present in these equations are plasma shear, wind
speed, and strength of pick-up ions among others. Mag-
netic variance, correlation length, cross helicity and
plasma temperature have latitudinal dependence along
the inner boundary at 0.2 AU. The solar wind speed
and velocity shear are varied across the simulation do-
main. A simple model of pick-up ions is employed at
present. The early indication shows that the simula-
tion results thus obtained have a good agreement with
observations. Heating is suppressed in the inner helio-
sphere and at high latitudes by the cross helicity effect,
and the Alfvenicity of the turbulence almost completely
vanishes by 10 AU. This turbulence model will be com-
bined with a modulation code that integrates Parker’s
transport equation numerically. This approach gives a
better physical basis for the heliospheric distribution of
turbulence, and thus it is expected that the physics of

the scattering and modulation is improved. The whole
exercise is part of our ongoing effort to develop ab initio
turbulence and modulation models and integrate them
together. The combined effort will enhance our under-
standing of solar modulation of cosmic rays. Supported
by NSF grant ATM-0000315 and NASA NAG5-8134. W
H Matthaeus, J. Minnie, B. Breech, S. Parhi, J. W.
Bieber and S. Oughton, submitted to Geophys. Res.
Lett. (2004)
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The high solar activity during the last weeks of Oc-

tober and beginning of November 2003 with 11 X-class
flares provides a great opportunity to study particle
acceleration in flares. First results of multi-spacecraft
and ground-based observations are summarized with a
focus on X-ray observations from the Reuven Ramaty
High Energy Solar Spectroscopic Imager (RHESSI).

URL: http://plasma2.ssl.berkeley.edu/∼krucker/
hessi/oct2003.html
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The Solar Radiation and Climate Experiment,
SORCE, carries four instruments that measure solar ir-
radiance – both total solar irradiance, TSI, and spec-
tral irradiance from soft X-rays, ultraviolet, visible
and near infrared. During the X-17 flare at 11:00 UT
on October 28, 2003 the SORCE instruments were in
ideal configurations to record increases in TSI and at
most observed wavelengths. The X-ray and UV irra-
diance originating in the transition region and corona
increased by factors as large as fifty. This large flare
also provided the first measurement of an increase in
TSI, a unique measurement that places an important
new constraint on the energy release during the flare.
This report is a survey and interpretation of the irra-
diance variations observed during this X-17 flare.

SH31B-03 0910h INVITED

Coronal Mass Ejections observed by
SOHO during the October-November
2003 Storms

Nat Gopalswamy1 (301-286-5885;

gopals@fugee.gsfc.nasa.gov); Seiji Yashiro2

(301-286-8025; yashiro@cdaw.gsfc.nasa.gov);
Angelos Vourlidas3 (vourlidas@nrl.navy.mil);
Alejandro Lara2 (alara@cspsw6.gsfc.nasa.gov);
Guillermo Stenborg2

(stenborg@kreutz.nascom.nasa.gov); Michael
Kaiser1 (Michael.kaiser@gsfc.nasa.gov); Russell
Howard3 (howard@cronus.nrl.navy.mil)

1NASA/GSFC, Mail Code 695.0, Greenbelt, MD
20771, United States



S
H

2004 Joint Assembly

Cite abstracts as: Authors (2004), Title, Eos. Trans. AGU, 85(17), Joint Assembly Suppl., Abstract #####-##.

JA383
2The Catholic University of America, 620 Michigan

Ave. NE, Washington, DC 20064, United States

3Naval Research Laboratory, 4555 Overlook Ave. SW,
Washington, DC 20375, United States

Fast coronal mass ejections (CMEs), X-class flares,
solar energetic particles, and interplanetary shocks
were abundantly observed during the solar eruptions of
October-November 2003. The Large Angle and Spec-
trometric Coronagraph (LASCO) on board SOHO de-
tected more than five dozen CMEs from three active re-
gions (NOAA ARs 0484, 0486, and 0488). We compare
the statistical properties of these super-storm CMEs
with those of the general population observed dur-
ing cycle 23. We find that (i) the super-storm CMEs
are faster and wider than average, and hence possess
enormous energy, (ii) nearly 20 percent of the ultra-
fast CMEs (speed > 2000 km/s) occurred during the
October-November interval, including the fastest CME
of cycle 23 (2700 km/s), and (iii) the rate of full-halo
CMEs was nearly four times the average rate during
cycle 23. We discuss the implications of these extreme
properties for the solar energy source. We also discuss
the interplanetary consequences of these CMEs, such
as shocks, radio bursts and solar energetic particles.
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Eleven major (X-class) flares with accompanying
coronal mass ejections (CMEs) occurred over the 2-
week period in late October and early November. These
were part of a series of major events centered around
3 huge sunspot groups. The largest geoeffective event
occurred on October 28, had the third highest peak X-
ray flux (X17) ever recorded, and was followed by an-
other energetic event (X10) on October 29. At least
3 of the CMEs from this activity were Earth-directed
(”halos”), which erupted when the sunspot regions were
near Sun center, and caused geomagnetic storms. The
2 strongest storms, driven by the fast CMEs from the
X17 and X10 events, occurred on October 28-30 yield-
ing peak Dst values of -363 and -401, resp. The ear-
liest halo CME was associated with M-class flares and
at least two erupting filaments on October 22. It pro-
duced only minor storminess at Earth because its mag-
netic field was mostly northward. The Air Force Solar
Mass Ejection Imager (SMEI) on the Coriolis satellite
captured images of two of the 3 halo CMEs, on Octo-
ber 23 and 29. We compare the SMEI observations with
SOHO LASCO coronagraph and EIT observations and
Interplanetary Scintillation (IPS) observations of the
events to study their structure and kinematics. SMEI
observed these halo CMEs starting at angular distances
of 28 and 21 deg. from the Sun, or about 1/3 of the way
from the Sun to Earth. These observations demonstrate
that SMEI can detect even fast, Earth-directed CMEs
up to a day before their arrival.
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Several studies have indicated that there may be
two distinct types of Coronal Mass Ejections (CMEs):
a high velocity bright energetic type associated with
flares, and a smaller slower less impressive type associ-
ated with erupting prominences. How valid is this dis-
tinction? We analyze a CME combining attributes of
both types, a high velocity bright CME associated with
an erupting prominence. A study of this event and sev-
eral others allows us to argue that the apparent differ-
ences separating the two types may be an observational
effect. Our results are consistent with a single CME
process for both flare associated and filament associ-
ated CMEs. This process consists of three stages. The
initial stage is brought about by the emergence of new
magnetic flux, which interacts with the pre-existing
magnetic configuration and results in a slow rise of the
magnetic structure, which later becomes the CME. The
second stage is a fast reconnection phase with flaring
and a sudden increase of the rise velocity of the mag-
netic structure. It also includes a rapidly increasing
CME acceleration followed by a rapidly falling acceler-
ation. The third stage or CME propagation stage shows
only slow changes in the acceleration and finally the
velocity becomes constant. LASCO observes only the
third stage. The differences found between observed

flare-associated and prominence-associated CME veloc-
ity behavior appears to be primarily due to the relative
heights in the corona at which the erupting structures
form.
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SOHO appeared to be in everyone’s focus this fall
as the Sun turned from an almost spotless orb into an
ominously scarred source of mighty fireworks in just a
few days. Over two weeks, it featured three unusually
large sunspot groups (including the largest one of this
solar cycle), 11 X-class flares (including the strongest
ever recorded), numerous halo CMEs (two with near-
record speeds) and two significant proton storms which
lasted for a combined five days. Satellites, power grids,
radio communication and navigation systems were sig-
nificantly affected in this period. The events caused
unprecedented attention from the media and the pub-
lic. Images from SOHO as well as quotes from SOHO
scientists appeared in nearly every major news outlet
(CNN, BBC, Associated Press, Reuters, to mention a
few). Stories including SOHO images made the front
page of newspapers and were featured prominently on
including USA Today and The Washington Post. NASA
estimated that the story reached ”all” US newspapers
and 2000 US TV channels. Media coverage in Europe
was also impressive. The attention wiped out all exist-
ing SOHO web traffic records

URL: http://sohowww.nascom.nasa.gov/hotshots/
pastshots.html#Halloween2003
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We discuss, using the ACE and WIND data, the so-
lar activity during a period of approximately 10 days
starting in late October 2003. The solar events of
interest were associated with a very large cluster of
highly complex active regions and resulted in coronal
mass ejections causing a number of the most spectac-
ular events ever observed in situ. This time-period
includes the fastest CME ever directly observed, the
hottest charge states observed to our knowledge, and
the largest shock velocity jump observed in the solar
wind to date. ACE observed the events from L1, and
WIND observed then from the magnetospheric tail, suc-
cessively emerging into the far magnetosheath during
times of high dynamic pressure. We will also discuss
electron data from both, WIND and ACE. In addi-
tion to excellent solar wind data, WIND also provided
a unique measure of the time-variability of magento-
sphere. We will use ACE and WIND data to discuss
these events, as well as the interactions between vari-
ous ejecta.
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On October 29 and October 30, 2003, the SWEPAM

instrument on the ACE spacecraft measured solar wind
speeds in excess of 1850 km/s (best estimate of 2100
km/s) and 1710 km/s, some of the highest speeds ever
directly measured in the solar wind. These speeds
were observed following two large coronal mass ejec-
tion (CME) driven shocks. Surprisingly, despite the
unusually high speeds, many of the other solar wind
parameters were not particularly unusual in compari-
son with other large transient events. The magnetic
field Bz reached -68 nT, large but not unprecedented
values. Although the proton temperatures were higher
than typical for a CME in the solar wind at 1 AU,
the proton densities were moderate, leading to low to
moderate plasma beta and dynamic pressure. The so-
lar wind dynamic pressure reached 50 nPa, again not
unusual for large events, but, when coupled with the
large negative Bz, sufficient to cause intense geomag-
netic disturbances at the Earth. The solar wind ob-
servations presented here provide the solar wind in-
put to the magnetosphere during these events. We
will present an analysis of the October-November 2003
shocks and CMEs using magnetometer observations
from the ACE/MAG instrument and ion and electron
observations from ACE/SWEPAM.
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On November 15, 2003, Ulysses was 5.2 AU from the

sun and observed a large coronal mass ejection (CME)
with a peak solar wind flow speed of 993 km/s and an
average flow speed of 832 km/s. This is the fastest solar
wind speed recorded by Ulysses SWOOPS at this dis-
tance since a similar event in November 1992. We be-
lieve this CME originated in the same group of active
regions responsible for the extremely fast CMEs that
impacted the Earth on October 29 and 30, 2003. The
CME took 4.4 days to propagate past Ulysses, and thus
had a radial width of ∼ 2.1AU . Using sunward ballis-
tic projection of the CME, we infer a width of ∼1AU
at a radial distance of 1AU, which is well above the av-
erage size observed at this distance. The structure of
the CME resembles a magnetic cloud, with a depressed


