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diffusion and the effect of field-line braiding and me-
andering on the particle diffusion are discussed. Ad-
ditionally, we compare the results from the brute-force
numerical integration of particle trajectories in synthe-
sized magnetic fields with a cosmic-ray transport model
in order to determine transport coefficients. We also
discuss the constraints imposed by the observations of
both the heliospheric magnetic field and the particles
in the context of existing models.
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Spectral characteristics and anisotropies of solar
wind and pickup ions provide important clues concern-
ing the injection, acceleration and transport properties
of suprathermal particles. Elemental and charge-state
composition of these ions give information on sources of
accelerated particles in the heliosphere. Comprehensive
and continuous measurements of H4, He+, and He+4+
with the Solar Wind Ion Composition Spectrometers
(SWICS) on both Ulysses and ACE, are giving us a
wealth of data that can be used to study pitchangle
scattering, momentum diffusion and spatial diffusion
of these particles in the solar wind. The observed ve-
locity distribution functions in the range of W (ion
speed/solar wind speed) between about 0.5 and 10
are found to be in general anisotropic. They are al-
ways non-maxwellian and have pronounced suprather-
mal tails. We will present velocity spectra found in
the disturbed solar wind behind CIR and CME-driven
shocks, and compare these to distributions in the quiet
wind, far removed from shocks. Implications of these
observations will be discussed.
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Pickup ions in the heliosphere have four major
sources: the interstellar source, the inner source caused
by interaction between the solar wind and grains near
the Sun, discrete sources such as comets, and the
recently discovered outer source caused by sputter-
ing of grains from the Kuiper belt. Much has been
learned due to observations from Ulysses/SWICS and
Wind/STICS about these sources, about their scatter-
ing among magnetic irregularities embedded within the
solar wind, and about their acceleration near shocks
and due to wave-particle interactions. In each of these
areas, the theories of pickup ion interactions have im-
proved our understanding, but important questions re-
main. Interstellar pickup ions are a known source of
anomalous cosmic rays (ACRs) which are thought to
be accelerated by diffusive shock acceleration at the
solar wind termination shock. Recent ACR observa-
tions have revealed an ”additional” population of ACRs
that cannot be explained by the traditional interstel-
lar source. The inner and outer pickup ion sources are
the most promising candidates to explain these ”ad-
ditional” ACRs. The detailed nature of pickup ion
acceleration inside the termination shock determines
how these sources contribute to ACRs. The presen-
tation will review these topics, with attention to the
current challenges and revisions of understanding that
have been triggered by pickup ion and energetic parti-
cle observations made over the last decade.
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One of surprising discoveries by Ulysses at high heli-
ographic latitudes during the 2000-2001 solar maximum
is that essentially all the large gradual solar energetic
particle events can be observed at Ulysses and Earth si-
multaneously despite their large separation in longitude
and latitude. The particle fluxes at the two locations
often become comparable within a few days after the
onset and the fluxes often remain comparable for sev-
eral weeks during the decay phase of the solar energetic
particle events. These observations suggest that ener-
getic particles can transport across heliographic lon-
gitude and latitude fairly easily, or that the particle
sources extend considerably in latitude and longitude.
In the paper, we present compelling evidence, obtained
from the analysis of anisotropy measurements of the
Bastille Day 2000 solar particle event and other events,
for substantial transport of fast 40-90 MeV solar ener-
getic protons across the local magnetic field. The large
source extent in latitude is not necessary to explain the
observations. The observed anisotropy of the particle
intensity is often directed at significant angles (some-
times 90 degrees) to the measured magnetic field direc-
tion for periods of many hours, and its magnitude ex-
ceeds 10% (sometimes 50%), which is much too large to
be accounted for by the Compton-Getting effect. The
anisotropy direction is not correlated with the polar-
ity of the magnetic field. We believe the observation
can only be explained as cross-field diffusion flow in
the presence of a particle gradient. A simple diffusion
model is found to fit the direction of particle flows with
a large inferred kappa perpendicular to kappa parallel
ratio of as much as 25%. Similar large values of this
ratio were found from observations of energetic parti-
cles in association with corotating interaction regions
at low latitudes (Dwyer et al., 1997).
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For a two day period in May 2002, the solar wind
density dropped to anomalously low values, similar to
those reported previously for a May 1999 solar wind
density dropout. The low density event was observed
by WIND and ACE on the trailing edge of a high speed
stream from a coronal hole. Using the MHD inverse
mapping technique, we trace the solar wind plasma and
magnetic field observables for CR1990 to create a map
of the inner heliosphere to a distance of 0.3 AU. We
also examine in detail the limits of such a mapping.
Specifically, it is assumed that the solar wind flow is
super-Alfvénic, but we find notable exceptions particu-
larly during low density/low velocity temporally-short
periods for this and other low density anomalies. An-
other limit to the technique is the requirement that the
solar wind structures be part of the corotating plasma
system. We find that this and other anomalies are parts
of the corotating structures, making the model applica-
tion appropriate. The physics of the anomaly formation
will be discussed.
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From May 18 to 22, 2002 an intense, wideband
(500 kHz to 5 MHz) solar radio event was observed
by the WAVES receiver on the Wind spacecraft. This
unique event, which was observed continuously for 5
days, was characterized by fine frequency structures
(16 sec), 1.5 to 2 hour periodicities, and by nearly
100% circularly polarized emission. This is the only
such event observed by Wind in its 8 years of opera-
tion. (The only other example of an event of this na-
ture may have been observed more than 20 years ago
by the ICE spacecraft.) The direction-finding analy-
sis for this event indicates that the radio source may
lie somewhere between 0.08 and 0.2 AU from the sun
and that the source is relatively small. The correspond-
ing frequency spectrum has a peaked distribution, with
peak frequency decreasing with time-perhaps suggest-
ing radiation trapped in an expanding structure (at the
time of the radio event three interacting solar ejecta ap-
peared to be passing over the Wind spacecraft). The ra-
dio event could possibly be a unique kilometric manifes-
tation of a moving type IV burst. The radiation mecha-
nism is unknown—possibilities include plasma emission,
gyro-synchrotron, and cyclotron maser. Indeed this
emission has characteristics more typical of planetary

emissions than of solar emissions. This unusual radio
event was almost immediately followed by the unique
period of extremely low solar wind density.
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The GEOTAIL Plasma Wave Instrument (PWI)
continuously detected a moving Type IV solar radio
burst from 800 kHz down to as low as 400 kHz from
May 19-23, 2002. The emissions were almost without
vertical structure in contrast to that from the lead-
ing edge onsets of the Type III solar radio bursts ob-
served before, during, and after the event. Type II
solar radio bursts were also detected from May 22 to
May 25. Cyclic enhancements in the intensity of both
the Type II and Type IV emissions with periods from
about half an hour to several hours were observed. On
May 24 and May 25 the lower cutoff frequency of Type
IIT solar radio bursts as well as the detected electron
plasma oscillation frequency showed that at times the
solar wind density was as low as 0.1 e-/cc. The GEO-
TAIL PWI observations will be compared to those of
the WIND Radio Science Experiment (WAVES) during
the event and to other pertinent GEOTAIL PWI and
WIND WAVES observations including Type III solar
radio burst storms and to other low density solar wind
events.
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‘We present an overview of the plasma conditions un-
der the extreme tenuous plasma (Ne < 0.2 part/cm3)
which started on May 23, 2002 and lasted for almost
three days. During this unusual interval at times the
magnetosonic speed is well above 300 km/s, and un-
usual close values in the ratio of plasma to cyclotron
electron frequencies (fpe/fce 10). Using waves and
solar wind parameters from the Wind WAVES, EPAC,
MFI and SWE experiments, we compare this event with
other intervals during this solar cycle which also showed
strong hindrance in the flow of the interplanetary solar
wind. We further inquire on the nature of the event by
looking at the earth’s polar cusps response to the solar
wind conditions, as illustrated by observations by satel-
lites POLAR and POES, and investigate, using flux-
rope models and energetic particles, the nature of this
intriguing interplanetary structure.
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2100 UT on May 23 to 1800 UT on May
25 the solar wind number density remained below 1

From

proton/cm® and reached minimum values of approxi-

mately 0.1 /cmS. This low density period followed an
interplanetary shock near 1050 UT on May 23. Those
densities are among the lowest ever observed. This re-
port will describe field and plasma observations from
the Wind and ACE spacecraft.
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The population of low energy ions (60 keV-5 MeV)
and near-relativistic electrons (38-315 keV) measured
by ACE/EPAM during the period of unusually low solar
wind density following an interplanetary shock 10:16
UT on 23 May 2002 could initially be associated with a
complex of solar flare and CME activity very late on 21
May and early on 22 May. The onset at ACE of a beam-
like injection of near-relativistic electrons ~00:30 UT
corresponded to a GOES-8 C9.7 xray flare beginning
23:14 UT with a maximum 00:30 UT in Region 9948
(S25W64). SOHO/LASCO images showed the launch
of a pair of CMEs (extrapolated back to 1 Rg) using
their height-time profiles), one at 23:38 UT with a ve-
locity of 888 km/s and the other at 03:27 UT with a
velocity of 1199 km/s, both off the western limb at

position angles ~23OO. Thereafter, the electron in-
tensities remained elevated and then began a gradual
rise (as did the 2-5 MeV ion intensities which had not
exhibited a prompt injection), culminating in an ex-
traordinarily large electron and ion spike some 2 hours
wide centered on the arrival of the interplanetary shock
at 10:16 UT on 23 May. During most of the remain-
der of the day both the interplanetary magnetic field
(IMF) and the energetic particles exhibited consider-
able variation, but when the IMF became remarkably
quiet at 21:30 UT, so did the particle intensities, de-
caying very slowly and smoothly until a sudden drop
~2100 UT on 24 May. This period of quiet IMF and
a "reservoir” of energetic particles corresponded to the
period of lowest solar wind densities (<0.3/cc). While
the IMF remained quiet for almost another day and the
solar wind densities slowly recovered ~1800 UT on 25
May to ~2/cc, the drop in the energetic particle in-
tensities a day earlier on 24 May coincided with the
end of the post-shock high-speed solar wind stream as
it abruptly dropped back to a nominal velocity of 400
km/s. Thus the energetic electron and ion populations
were: 1) initially injected in association with a western
flare and CME launches; 2) further accelerated dramat-
ically by the interplanetary shock; and 3) decayed very
slowly within the high-speed, low density, quiet IMF
solar wind stream following the shock. The possible
role in this sequence of events of the equatorial coronal
hole that was rotating through the western hemisphere
remains to be determined.
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A long period of low solar wind density was observed
between 5/24/0530 and 5/25/1200 UT of 2002. The
density was below 0.1/cc for part of this time, and be-
low 2.0/cc for all of it, making the event similar to the
examples given in ”Electrons in the Low Density Solar
Wind”, Ogilvie, Fitzenreiter and Desch; J. Geophys.
Res., 105, 2000. In the present paper we investigate
the solar and interplanetary conditions at the time of
this event. A CME at 5/21/2338, perhaps associated
with a flare at 5/21/2322 UT, drove a large disconti-
nuity that passed Wind at 5/23/1200. At this time the
solar wind speed rose to 850-900 km s-1 and the pres-
sure to 1.1 x 10-8 ergs/cm3. The rarefaction following
this discontinuity appeared to be responsible for the
long period of low density. These occurrences will be
discussed in detail, and compared with similar earlier
events, to support the notion that periods of abnor-
mally low density are rarefactions following high speed
discontinuities driven by CME material. The low prob-
ability for the occurrence of a high speed CME sending
its associated disturbance in the earth’s direction, ac-
counts for the rarity of these long duration low density
events.

SH72C-08 1700h

Wave Refraction During the May 2002
Rarefaction Event

Charles W. Smith! (302-831-8114;
chuck@bartol.udel.edu)

Dermott J. Mullan! (302-831-2170;
mullan@bartol.udel.edu)

Norman F. Ness! (302-831-1844;
nfness@bartol.udel.edu)

Ruth M. Skoug? (505-667-6594; rskoug@lanl.gov)

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

2002 Fall Meeting F1151

2Space and Atmospheric Sciences, Group NIS-1,
MS D466, Los Alamos National Laboratory, Los
Alamos, NM 87545, United States

In previous work [Smith et al., 2001] we examined
IMF wave refraction during the May 1999 rarefaction
interval known as “The Day The Solar Wind Disap-
peared.” On that day, Alfvén speeds remained elevated
over an extended region. Analysis of the recorded ACE
fields and plasma data revealed depressed magnetic
fluctuation levels, reduced compression in the fluctua-
tions, and a reduced wave-like component within the re-
gion of elevated Alfvén speed, all consistent with wave
refraction. The May 2002 event provides a third such
period (the second identified event occured 2 weeks
prior to the May 1999 period) and it again demon-
strates properties which are consistent with refraction.

Smith, C. W., D. J. Mullan, N. F. Ness, R. M. Sk-
oug, and J. Steinberg, Day the solar wind almost dis-
appeared: Magnetic field fluctuations, wave refraction
and dissipation, J. Geophys. Res., A106, 18,625-18,634,
2001.

Efforts at the Bartol Research Institute were sup-
ported by CIT subcontract PC251439 under NASA
grant NAG5-6912 for support of the ACE magnetic field
experiment and by the NASA Delaware Space College
Grant. Work at Los Alamos was performed under the
auspices of the U.S. Department of Energy with finan-
cial support from the NASA ACE program.
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‘We present observations of energetic particles in the
energy range 0.3 MeV to 100 MeV made by the COSPIN
instrument on board the Ulysses spacecraft during the
recent second northern polar pass. At this time, the
Ulysses spacecraft was at high heliographic latitude and
was immersed in high speed solar wind flow coming
from the northern polar coronal hole. Three large so-
lar energetic particle events were observed at this time.
We present a detailed analysis of the propagation of
these energetic particles in the relatively homogeneous
plasma of the high speed flow. We examine the parti-
cle time intensity profiles and anisotropies over a wide
range of energies, and discuss this in the context of
current propagation models.
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Theoretical treatments of heliospheric pickup ion
behavior generally focus on the solution of various
forms of the Boltzmann or transport equation. Like
their cosmic-ray counterparts, these approaches often
presume a radial geometry for the interplanetary mag-
netic field, and focus on diffusive processes acting on
already energetic particles. At the opposite extreme
lies the test particle picture of pickup ions, wherein
one can treat the problem from the birth of the ions
through their motion in a Parker Spiral field with a ra-
dially flowing solar wind. This approach thus explicitly
includes the initial pickup process by the convection
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