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Intensity scintillations (IPS) have been used to mea-
sure the velocity and the micro-structure of the solar
wind for many years. Observations with a single an-
tenna are simple and easily arranged, but they provide
only one-dimensional information on the microstruc-
ture and they are subject to bias if the microstructure
is anisotropic or the scattering becomes “strong.” Ob-
servations with two or more antennas provide a two-
dimensional measure of the microstructure; a vector ve-
locity; and they are more robust in the onset of strong
scattering. However there are few suitable arrays and
they are difficult to schedule. In either case a reliable
estimate requires that many time scales be observed -
typically about 10 minutes of observation. Here we re-
port a robust new method which requires only one an-
tenna, but is not sensitive to either anisotropic struc-
ture or strong scattering. Furthermore a reliable speed
estimate can be made in about 2 s. The method obvi-
ously requires additional data - the intensity must be
measured with a multi-channel spectrometer. Fortu-
nately such spectrometers are standard equipment at
radio observatories. The resulting dynamic spectra can
be processed to show the 2-dimensional microstructure
and the flow speed. Theory, simulations, and observa-
tions will be presented to demonstrate the method. It
appears particularly suitable for measuring transients
such as coronal mass ejections (CME’s) in the inter-
planetary medium. It will be possible to track many
sources with a single antenna, spending only a few sec-
onds on each source, and thus to map the space-time
evolution of the CME in turbulence level, flow speed,
and anisotropy.
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While spacecraft such as ACE, IMP8, Wind are
monitoring the solar wind near Barth, Voyager 2 con-
tinues to explore the outer heliosphere. The abil-
ity to match solar wind features at widely separated
points in the heliosphere provides us detailed infor-
mation on the evolution of the solar wind. In this
study, we present a survey of interplanetary coronal
mass ejections (ICMEs) observed during time periods
when Earth and Voyager 2 are within about 60 degrees
in longitude from 1998 to present. We try to track the
evolution of the ejecta from the inner to outer helio-
sphere by using a numerical model. Preliminary results
show that boundaries of the ejecta region are difficult
to determine as the structure undergoes significant evo-
lution and interacts with other solar wind structures.
Many ICMEs found at Earth did not have obvious coun-
terparts at Voyager 2. For some cases, however, we are
able to identify the heliospheric remnants of the ICMEs
in the Voyager observations based on numerical results
and, when available and relevant, helium abundances.
These events are invaluable for the study of the dy-
namical processes of ICMEs in the heliosphere. Our
numerical results demonstrate that, in general, ICMEs
expanding to 2~5 times of their original widths near
Earth within a distance of ~30 AU, then maintain a
roughly constant width outside this distance.
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Using spacecraft potential data from the Cluster
spacecraft, we study the overshoot/undershoot density
structure at 71 crossings of the quasi-perpendicular
bow shock. The envelope of the absolute value of the
density, in most cases, decays exponentially. We have
fitted these envelopes to a decaying exponential func-
tion, |n|exp (—Bx), from which we are able to calcu-
late the decay length as 1/B. For those shocks with-
out sufficient data points (3 or more) necessary to do
an exponential fit, we defined the decay length to be
the length it takes for the density to fall to 1/e of the
y-intercept on our plots, where the x = 0 value is ar-
bitrary. At all 71 shocks we also estimate the over-
shoot/undershoot wavelength using the zero-crossings
of the density profile. Comparing the average wave-
length to the ion gyro radius vy, /2.4, we find that
there is a good correlation between the two: X\ = 2.64
v /i We also find the wavelength to be A & 2.81
¢/wp; ion inertial lengths, although this correlation is
not as strong. We attempt to parameterize the scales
with solar wind Mach number and plasma 3.
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Observations and theory motivate models of solar
wind fluctuations consisting of two components— “slab”
Alfven waves varying mainly parallel to the ambient
dc magnetic field, and a zero-frequency quasi two-
dimensional turbulent component varying mainly per-
pendicular to the magnetic field. We present an exten-
sion of the previous analysis, employing ACE plasma
and magnetic field data, to examine three dimensional
correlations and spectra for the cross helicity, velocity,
magnetic and Elsasser fluctuations. We find surpris-
ingly that all quantities have similar anisotropic struc-
ture, thus implying that the normalized cross helicity,
a measure of the strength of the non-linear terms, is es-
sentially isotropic. This conclusion stands in contrast
to the usual assumption that the slab component, as
propagating waves, carries most of the cross helicity.
This calls for some revision in standard solar wind tur-
bulence models.
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We examine measurements of the interplanetary
magnetic field (IMF) by the Ulysses spacecraft from
launch until after the first solar pass using a variety
of tools to characterize the interplanetary turbulence.
We resolve systematic changes in the powerlaw index,
the fluctuation anisotropy, and wave vector orientation
(geometry) of the inertial-range fluctuations associated
with high latitude. We find a decrease in the fluctua-
tion anisotropy relative to the mean magnetic field and
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an increase in wave power associated with wave vectors
parallel to the mean field that can be associated with
high spacecraft latitude. Wave vectors perpendicular
to the mean magnetic field still dominate the statistics.
Preliminary analyses show a consistently flatter power
spectrum within the inertial range when compared with
low-latitude observations.
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Magnetic and plasma fluctuations are ubiquitous
in a space plasma. In particular, those found in the
earth’s foreshock region have order of unity normalized
magnetic field amplitude, so that it is worthwhile look-
ing into correlations among the fluctuations not only at
the leading order but also at the second order. By per-
forming hybrid numerical simulations, we evaluate the
correlation between the magnetic and the density fluc-
tuations at the second order, and show that this cor-
relation is an important parameter to characterize the
turbulence. Possible application of the present analysis
to spacecraft obtained data will be discussed.
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Ulysses measurements now span more than the 11-
year solar cycle, and the spacecraft has completed
nearly two full polar orbits of the Sun. In 2001, Ulysses
was at high latitudes and SWOOPS (Solar Wind Ob-
servations Over the Poles of the Sun) solar wind mea-
surements showed that a mid-sized circumpolar coro-
nal hole had formed in the Northern hemisphere near
solar maximum. Ulysses then moved towards the equa-
tor and encountered a recurrent co-rotating interac-
tion region from 70°N down to 25°N. From 25°N
to 20°N SWOOPS observed slow, steady solar wind.
Coronal hole maps show that the Northern hemisphere
has maintained a large circumpolar coronal hole with
a large extension, while in the Southern hemisphere
a mid-sized coronal hole has formed at mid-latitudes.
The latest Ulysses measurements provide an excellent
comparison with the first orbit observations since as in
the first orbit Ulysses is crossing the low-latitude re-
gion of variability in the descending phase of the solar
cycle.
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If production of solar energetic particles (SEPs)
near the Sun is due to shocks driven by coronal mass
ejections (CMEs), then two factors might favor SEP ac-
celeration in slow rather than fast solar wind streams.
The first is that both the Alfven and solar wind flow
speeds are higher in the fast-wind streams. The second
is that shock seed populations consisting of suprather-
mal ion tails are generally not present in the fast-wind
streams. In an earlier study we used observed fast west-
limb or halo CMEs and solar wind O+7/O+6 ratios to
look for differences in associated SEP events between
fast CMEs in fast and slow wind. The limited number
of fast CMEs in fast-wind regions suggested a possible
bias in terms of associated SEP event size and/or CME
speed against shock production of SEPs in fast-wind
regions. Here we extend the previous study to include
fast CMEs in fast-wind regions for two additional years.
The results now show no significant bias against SEP
production in fast-wind regions. We discuss the impli-
cations of this result for shock seed populations and for
shock propagation in coronal fast-wind regions.
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