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Low Density Magnetic Structures
(Cavities) in the Solar Corona

David Foster1 (303 497-1514; dafoster@ucar.edu)

Sarah Gibson1 (303 497-1587; sgibson@ucar.edu)

Joan Burkepile1 (303 497-1506; iguana@ucar.edu)
1National Center for Atmospheric Research, 3450

Mitchell Lane, Boulder, CO 80301, United States

Some helmet streamers in the low corona contain
a density depleted region known as a cavity. Cavities
form over magnetic polarity inversion lines, often re-
ferred to as filament channels, which frequently contain
prominences. CMEs often erupt from helmet stream-
ers, and are well associated with erupting prominences.
The most common CME morpholgy is the well known
loop cavity. Models have been proposed that identify
these coronal cavities as low coronal manifestations of
twisted magnetic flux ropes, which are then ejected into
the solar wind as part of a CME. In order to begin to
understand the magnetic structure of coronal cavities,
this poster will first examine the frequency of quies-
cent cavities in the corona using white light observa-
tions from the Mark IV coronameter and eclipse pho-
tographs.
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We have designed, built and launched into near-
Earth orbit a Solar Mass Ejection Imager (SMEI) capa-
ble of observing sunlight that has Thomson-scattered
from heliospheric structures of time-varying density.
SMEI is designed to observe heliospheric structures
such as coronal mass ejections, corotating structures
and shock waves, to elongations greater than 90◦ from
the Sun. The instrument was inspired by the helio-
spheric imaging capability demonstrated by the zodia-
cal light photometers of the Helios spacecraft. The in-
strument makes effective use of in situ solar wind data
from spacecraft in the vicinity of the imager by extend-
ing observations to the surrounding environment and
back to the Sun. A near-Earth imager can provide up
to three days warning of the arrival of a mass ejection
from the Sun. In combination with other imaging in-
struments in deep space, or alone by making some sim-
ple assumptions about the outward flow of the solar
wind, SMEI can provide a tomographic analysis of the
heliospheric structures surrounding it.

URL: http://cassfos02.ucsd.edu/solar/smei new/
smei.html
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We present a volume rendering system developed for

the visualization and manipulation of 3D heliospheric
volume data such as solar wind density, velocity and
magnetic field. Our system exploits the capabilities of
the VolumePro 1000 board from TeraRecon, Inc., a low-
cost 64-bit PCI board capable of rendering a 512-cubed
array of volume data in real time at up to 30 frames
per second on a standard PC. Many operations have
been implemented such as stereo/perspective views, an-
imations of time-sequences, and determination of CME
volumes and masses. We will show examples of three-
dimensional heliospheric volumes from tomographic re-
constructions of density and velocity using real-time
interplanetary scintillation (IPS) data. In the near fu-
ture we expect to add reconstructions based on the all-
sky observations from the recently launched Solar Mass
Ejection Imager and employ our system to interactively
analyze and visualize the abundant information embed-
ded in these data.

URL: http://cassfos02.ucsd.edu/solar/index.html
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The Solar Mass Ejection Imager (SMEI) was
launched on 6 January 2003, and shortly thereafter
raised to a nearly circular orbit at 840 km. Three SMEI
CCD cameras on the zenith-oriented CORIOLIS space-
craft cover most of the sky beyond about 20◦ from
the Sun, each 102-minute orbit. Data from this in-
strument will ultimately provide precision visible-light
photometric sky maps. Once starlight and other con-
stant or slowly varying backgrounds are subtracted,
the residue is mostly sunlight that has been Thomson-
scattered from heliospheric electrons. These maps will
enable 3-dimensional tomographic reconstruction of he-
liospheric density and velocity. This analysis requires
0.1% photometry and background-light reduction be-
low one S10 (the brightness equivalent of a 10th mag-
nitude star per square degree). Thus 10−15 of surface-
reduction is required relative to the solar disk. The
SMEI labyrinthine baffle provides roughly 10−10 of
this reduction; the subsequent optics provides the re-
mainder. We analyze data covering a range of angles
between the SMEI optical axis and the Sun, or the
Moon, to evaluate the full system’s stray-light rejec-
tion performance.
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R. A. Howard1 (russ.howard@nrl.navy.mil);
J. Morrill1 (202-404-7826;
morrill@shogun.nrl.navy.mil); A. Vourlidas1

(vourlidas@nrl.navy.mil); D. Buzasi2

(Buzasi@usafa.mil); E. Esfandiari3

(esfandiari@SUSIM.NRL.NAVY.MIL); N. Rich3

(nathan@calliope.nrl.navy.mil); A. Thernisien4

(arnaud.thernisien@nrl.navy.mi)

1Naval Research Laboratory Naval Research Labora-
tory , 4555 Overlook Ave., SW, Washington, DC
20375, United States

2USAFA/DFP , 2304 Cadet Drive, Colorado Springs,
CO 80840, United States

3Interferometrics, Inc. , 14120 Parke Long Court,
Chantilly, VA 20151, United States

4University Space Research Association, 1101 17th St.
NW Suite 1004, Washington, DC 20036

The LASCO data base contains over 5000 CMEs,
observed from 1996-2001. We have developed an au-
tomated procedure to calibrate the associated LASCO

images and to calculate the CME properties. Of the to-
tal number of CMEs, we have been able to calculate the
mass and energetics of about 80% of the total number
of events. Here we report on the analysis of the mass
and energy properties of over 3000 CMEs and compare
them to previous observations of CMEs.
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The LASCO C2 and C3 coronagraphs have provided

coronal observations since May, 1996. Initial calibra-
tions have been available during most of this time pe-
riod. We have subsequently completed a re-evaluation
and refinement of these calibration procedures. We are
now able to present the final version of the level-1 data
using the latest improvements from in-flight calibra-
tion results. Further details on the LASCO calibration
and level-1 data access are presented at http://lasco-
www.nrl.navy.mil/level 1/lascocal index.html. In this
presentation we will sum up the different aspects of the
LASCO C2-C3 image corrections such as vignetting,
absolute photometry, time corrections, geometric dis-
tortion, sun center position, and spacecraft orientation.

URL: http://lasco-www.nrl.navy.mil/
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We have investigated the possibility that the Solar

Wind Anisotropies (SWAN) remote sensing instrument
on SOHO may be able to detect coronal mass ejections
(CMEs) in neutral Hydrogen Lyman-α emission. We
have identified CMEs near the Sun in observations by
the SOHO LASCO white-light coronagraphs and in ex-
treme ultraviolet emissions using SOHO EIT. There are
very few methods of tracking CMEs after they leave
the coronagraph’s field-of-view, so this is an important
topic to study. The primary science goal of the SWAN
investigation is the measurement of large-scale struc-
tures in the solar wind, and these are obtained by de-
tecting intensity fluctuations in Lyman-α. SWAN con-
sists of a pair of sensors on opposite panels of SOHO.
The instantaneous field-of-view of each sensor unit is
a 5◦ x 5◦ square, divided into 1◦ pixels. A gimbaled
periscope system allows each sensor to map the inten-
sity distribution of Lyman-α, and the entire sky can be
scanned in less than one day. This is the typical mode
of operation for this instrument (Bertaux et al., Solar
Physics, 162, 403-439, 1995). Beginning in May 2002
the sky-scan mode of the SWAN detectors was inter-
rupted, and they were held stationary for one-or-more
15-hour campaigns each week. During those campaigns
the SWAN sensors were positioned above the East or
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West equator of the Sun at locations chosen to be as
close to the Sun as possible (typically 50 solar radii
from Sun-center). Based on the LASCO and EIT data,
we have identified CMEs whose extrapolated height-
time measurements indicated that the events would
cross the SWAN field during the campaign period. Dur-
ing 12 months’ observation, there were ∼10 CMEs that
met two criteria: (1) an event low in the corona near
the solar limb could be unambiguously identified in
EIT; and (2) the CME could be tracked beyond 20 R�
in LASCO C3. We consider these CMEs to be particu-
larly well-observed since the speed measured in LASCO
could be reliably extrapolated to the SWAN field-of-
view. We will report preliminary results of this novel
observing campaign.
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Information about the large scale physical proper-
ties of the inner heliosphere plasma can only be ob-
tained by employing remote sensing techniques. The
two most useful measurement techniques for this are
Thomson scattering, used by Solar Mass Ejection Im-
ager (SMEI), and Interplanetary Scintillation (IPS).
Both these techniques are sensitive to the distribution
of properties of the solar wind plasma along the en-
tire line-of-sight through the medium. The two mea-
surement techniques are sensitive to different proper-
ties of the same physical plasma. IPS is sensitive to
the fluctuations in the refractive index of the medium
(∝ δn2

e) and their spectral index, the perpendicular
component of velocity of the solar wind, the anisotropy
in electron density fluctuations caused by the magnetic
field and their inner scale. Thomson scattering, on
the other hand, is sensitive only to the distribution
of the electron density along the line of sight. The
data from both these techniques are suitable for to-
mographic reconstructions, yielding three dimensional
visualisations of the inner heliosphere. Heliospheric to-
mography will benefit significantly from the denser sky
coverage and the improved signal-to-noise IPS measure-
ments promised by the upcoming instruments and the
simultaneous use of Thomson scattering data. The un-
questionable synergy between the information obtained
from these two techniques should be exploited to arrive
at significantly better constrained tomographic recon-
structions. We are now assessing the potential for space
weather applications, including IPS studies, of the Low
Frequency Array (LOFAR), an aperture synthesis ra-
dio interferometer covering the 10-240 MHz range. The
unique design of this instrument allows the possibil-
ity of high sensitivity observations of up to 4000 IPS
sources a day. This unprecedented ability will increase
the sampling of the inner heliosphere by ∼2 orders of
magnitude compared to the present IPS instruments
and improve the signal-to-noise of individual measure-
ments. This paper will describe some aspects of the
LOFAR design and outline its potential IPS measure-
ment capabilities.
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Rays

Hiromasa Miyasaka1 (miyasaka@bartol.udel.edu);

John W Bieber1; Paul Evenson1; Roger Pyle1;
Kazuoki Munakata2; Shinichi Yasue2; Chihiro
Kato2; Shigenobu Akahane2; Morikazu Koyama2

; Takao Kuwabara2; Zenjiro Fujii3; Marcus F
Duldig4; Marlos R Silva5; Nalin B Trivedi5;
Walter D Gonzalez5; Nelson J Schuch5

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

2Department of Physics, Shinshu University, Mat-
sumoto 390-8621, Japan

3STE Laboratory, Nagoya University, Nagoya 464-
9601, Japan

4Australian Antarctic Divisions, Kingston, Tasmania
7005, Australia

5Southern Regional Space Research Center, National
Institute for Space Research, Santa Maria, RS
97105-900, Brazil

A large geomagnetic storm and Forbush decrease
often results when a CME-associated interplanetary
shock impacts Earth. Recent observations and theo-
ries show that high-energy cosmic rays can have pre-
cursor anisotropies before the shock arrives at Earth.
According to numerical modeling, charged particles
which cross the IMF shock from downstream to up-
stream produce an intensity deficit in the small pitch
angle region, and this “loss cone” anisotropy can exist
∼10% of an interplanetary scattering mean free path
(λ) ahead of the shock front. This implies that observ-
ing a wide pitch angle distribution of high-energy cos-
mic rays can provide us with advance warning of CMEs
before their shocks impact Earth. We report a survey
of “loss cone” anisotropies observed with the different
λ(s) corresponding to neutron monitors and muon de-
tectors which have responses to primary cosmic rays of
∼10 GeV and ∼ 30GeV respectively. The data we use
are from the 11-station “Spaceship Earth” network of
high-latitude neutron monitors and from the ground-
based muon detector network during large geomagnetic
disturbances (Kp>7) that occurred after “Spaceship
Earth” became fully operational in late 2000. This
work is supported in part by U.S. NSF grants ATM-
0207196 and ATM-0000315 and in part by the joint
research program of the Solar-Terrestrial Environment
Laboratory, Nagoya University.

URL: http://www.bartol.udel.edu/∼neutronm/
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The Solar Mass Ejection Imager (SMEI) is a new
satellite in sun-synchronous, low earth orbit with three
wide-angle, white light photometers that provides a
scan of the celestial sphere every orbit. By occulting
the sun and correcting for other sources, the 0.1% of
total light scattered from the increased plasma den-
sity associated with the flare-induced shock may be re-
vealed. The first observations from SMEI were a se-
ries of eighteen frames acquired after two solar flares
on May 27th and 29th, 2003. The interplanetary con-
sequences of these flares were numerically modeled us-
ing the Hakamada-Akasofu-Fry (HAFv.2) kinematic so-
lar wind model. Line-of-sight plasma densities due to
the background solar wind and to the two shock fronts
were calculated and displayed in the Hammer-Aitoff
reference frame to enable direct comparison with the
SMEI observations. Comparison of the HAFv.2 simula-
tion with the SMEI observations clearly demonstrates
that the model is necessary to aid in the identifica-
tion of multiple shock-induced variations and to remove
the contribution of the background solar wind from the
SMEI observations.
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Interplanetary Magnetic Clouds

Chin-Chun Wu1,2 (301-286-6659;
wuc@cspar.uah.edu)

R. P. Lepping2 (301-286-5413)

D. B. Berdichevsky2,3 (301-286-4608)
1CSPAR/The University of Alabama in Huntsville,

CSPAR/UAH, Huntsville, AL 35899, United States

2GSFC/NASA, Laboratory of Extraterrestrial
Physics, NASA/GSFC, Greenbelt, MD 20771,
United States

3L3 Cmmunications EER Systems, Inc., L3 Cmmu-
nications EER Systems, Inc., Largo, MD 20774,
United States

The importance of interplanetary magnetic clouds
to the study of geomagnetic activity has been known for
many years, and because of the general characteristics
of these large structures, such activity is often major.
A program is developed from which we are able to pre-
dict the Dst index based on real-time measurements of
a magnetic cloud passing Earth, as well as from guid-
ance from previously modeled magnetic clouds (MCs)
from WIND observations. The scheme could be appli-
cable to ACE data, for example, or to that of any near
real-time field and plasma monitoring platform. The
program consists of five stages: (1) identification of
the proximity of a cloud-complex (i.e., MC and immedi-
ate upstream region), (2) finding, relatively accurately,
the front boundary of the MC, (3) estimating the MC’s
’center time,’ (4) predicting the speed and minimum
IMF-BZ and the latter’s timing within the MC (based
on these earlier findings), and finally (5) estimating the
associated Dst, based on reliable IMF-BZ vs. Dst rela-
tions. The initial identification of the cloud-complex is
carried out by examining proton plasma beta, degree of
smoothness of the magnetic field’s directional change,
and field strength. These alone will help to pin down
the front boundary of the MC to within about ± 2 hr.
This identification then triggers an attempt to deter-
mine this boundary to within ± 1/2 hr using finer scale
field data After viewing about 2/3 of a MC-passage and
properly estimating the MC’s center time, for North-
to-South types of MCs, which are expected to be most
common in the near future [Bothmer and Rust, 1997],
we have sufficient information to predict min-Bz within
the MC, provided reasonable front-to-back MC symme-
try exist. Application of the scheme to MCs that oc-
curred over the period 1995 through 2002 is used to de-
termine its effectiveness in predicting Dst, as well as to
simply determine the program’s ability to identify MCs
of any type (i.e., including S-to-N types) and their front
boundary times. In the prediction mode (i.e., for N to-
S types) the scheme does not strictly require that the
observing spacecraft be upstream of Earth, since 7 or so
hours lead-time, for the prediction, is gained for most
MCs in Earth’s vicinity, provided only that the space-
craft is outside the bow shock. However, for L1 based
spacecraft, approximately an extra hour of ’prediction-
time’ is gained. As a test of its fidelity and consistency,
the program is applied to many years of WIND data and
some of the results are presented. Bothmer and Rust,
in Coronal Mass Ejections, AGU Geophys. Monog. Ser,
vol. 99, p 139, Washington DC., 1997.
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A simple test can be used to determine when a space-
craft passing through a flux rope is closest to the center
of that rope. The test consists of determining the an-
gular change between successive magnetic field vectors
as the spacecraft passes through the flux rope. Using a
Bessel function model, it can be shown that the interior
vectors rotate more slowly than the exterior vectors.
Thus, the spacecraft is closest to the center of the rope
where the angle between successive vectors is a mini-
mum. This is consistent with our intuitive picture of a
flux rope in which the exterior fields are tightly wound
a round the axis and the central field is parallel to the
rope axis. We show that this technique works for both
stationary and expanding ropes. Finally, we examine
the sensitivity of the technique to the impact parame-
ter and noise in the magnetic field.
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The Solar Wind Ion Mass Spectrometer (SWIMS)
on ACE has successfully measured the elemental abun-
dance of nitrogen in the solar wind, N/O ≈ 0.121 ±
0.014, in excellent agreement with the photospheric
value of N/O ≈ 0.123 and with the SEP-dervied coro-
nal value. The abundance of nitrogen in the helio-
sphere is an enigma. Laboratory analysis of lunar soils
shows that trapped nitrogen is overabundant in them
by about one order of magnitude relative to the heavy
noble gases, which in turn are efficiently trapped in the
lunar regolith. In this work we investigate the variabil-
ity of N/O in the solar wind. Since Ne/O is known
to vary little, variations in N/O would translate di-
rectly to variations of N with respect to noble gases.
Small variations in N/O will therefore provide further
evidence for a non-solar origin of most of nitrogen in
lunar soils. Nitrogen is not readily measured in the
solar wind because it is not very abundant and it is
neighbored in mass and in mass per charge by the most
abundant heavy ions, oxygen and carbon. For this rea-
son, previous elemental abundance determinations of
nitrogen in the solar wind have had large intrinsic un-
certainties. However, with SWIMS, nitrogen is cleanly
separated from its neighbors and its abundance can be
accurately measured.
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Between November 2003 and April 2004, the Ulysses
spacecraft will again be in the proximity of Jupiter cre-
ating an opportunity for more in-situ and correlated
remote -sensing observations. The first encounter in
February 1992 took place at a distance of closest ap-
proach of 6 Jupiter radii (Rj) and changed the incli-
nation of the Ulysses trajectory so that it would pass
above the sun’s polar regions. Twelve years later,
Jupiter has returned to near its previous location and
Ulysses is again approaching aphelion near the orbit
of Jupiter at 5.3 AU. This encounter is at much larger
distances and Ulysses does not enter, but remains up-
stream of, the Jovian magnetosphere. However, the
spacecraft travels from high to low Jovigraphic lati-
tudes and covers a wide range of local times. On 19
November 2003, the Jovigraphic latitude is 75.5 deg at
a distance of 2128 Rj and a local time (LT) near noon.
The closest approach of 1683 Rj occurs on 4 February
2004 at 49.5 deg latitude near 17 hours LT. The for-
mal encounter ends on 1 April 2004 at 1926 Rj, a lati-
tude of 21.5 deg and a LT near 17:30. Jupiter is a pro-
lific source of radio waves, energetic charged particles,
dust and neutral gas, all of which can be detected by
Ulysses. Simultaneous measurements of the solar wind
and magnetic field will provide the nearly instanta-
neous conditions affecting Jupiter’s magnetosphere and
influencing the production of these emissions. Remote
sensing observations by other missions or observers are
encouraged to investigate the effect of changing solar
wind conditions and structures on Jupiter’s dynamic
magnetosphere.

SH41B-0470 0830h POSTER

What do Measurements of Abundance
Variations Tell us About the Origin
and Evolution of the Solar Wind

Richard Woo1 (1-818-354-3945;
richard.woo@jpl.nasa.gov)

Shadia Rifai Habbal2,3 (44 1970 622 218;
sdh@aber.ac.uk)

Uri Feldman4,5 (1-202-767-3286;
uri.feldman@nrl.navy.mil)

1Jet Propulsion Laboratory, 4800 Oak Grove Drive
MS 238-725, Pasadena, CA 91109, United States

2University of Wales at Aberystwyth, Department of
Physics, Aberystwyth SY23 3BZ, United Kingdom

3Harvard Smithsonian Center for Astrophysics, 60
Garden Street, Cambridge, MA 02138, United
States

4Artep Inc., 2922 Excelsior Springs Ct., Ellicott City,
MD 21042, United States

5E.O. Hulbert Center for Space Research , Naval Re-
search Laboratory, Washington, DC 20375, United
States
Connections between the Sun and solar wind have

recently been made based on observations of density,
velocity, and magnetic field. These have led to funda-
mental changes in our understanding of coronal mag-
netic topology and the origin and evolution of the solar
wind. During solar minimum, polar coronal holes are
neither the only regions of open magnetic field lines nor
the sole source of fast solar wind. Instead, open mag-
netic field lines thread the entire corona, and solar wind
flowing along them carries the imprint of coronal holes,
quiet Sun, and active regions into interplanetary space.
The purpose of this paper is to show how measurements
of abundance variations in the corona and solar wind
reinforce and complete this picture, providing key in-
sight into where and how the solar wind, especially the
slow wind, is produced.
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As a result of cyclotron interaction with Alfven
waves propagating from the sun, pitch angle diffusion
of resonant particles takes place and shell-like distri-
bution function of resonant ions (protons) is formed
at each distance from the sun [V. Galinsky and V.
Shevchenko, Phys. Rev. Lett., 85, 90, 2000]. Stabil-
ity of the solar wind ion shell-like distribution function
with respect to excitation of waves at larger distances is
addressed. It is shown in linear approximation, that in
case when the phase velocity of Alfven waves decreases
with distance, ions with shell distribution excite out-
ward propagating Alfven waves with smaller phase ve-
locities when they advance to larger distances. The real
problem, how the shell distribution, created at some
distance from the sun, is changed due to interaction
with Alfven fluctuations with smaller phase velocities
at larger distances in the divergent solar wind, is stud-
ied in quasi-linear approximation and by numerical sim-
ulations.
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The Solar Mass Ejection Imager (SMEI) is a proof-
of-concept instrument intended to demonstrate the fea-
sibility of space-based heliospheric imaging for detect-
ing and tracking coronal mass ejections (CMEs) and
other dense structures in the solar wind. SMEI is a
joint effort of the Air Force Research Laboratory, the
University of Birmingham (UK), the University of Cal-
ifornia at San Diego, Rutherford Appleton Laboratory
(UK), and Boston College, funded by the AF, NASA
and the University of Birmingham. SMEI was launched
aboard the DoD Coriolis spacecraft on January 6, 2003,
and began returning images in early February. Since
launch, the SMEI team has invested considerable ef-
fort toward producing photometric all-sky maps of he-
liospheric brightness from the SMEI data. For the pur-
pose of providing input for space weather forecasting,
the SMEI team intends to start making these maps
available to the scientific community and the public in
near real time. Early quick-look, subtraction sky maps
from SMEI’s cameras demonstrate that SMEI can de-
tect CMEs and image their structure as they move out-
ward from the Sun, in some cases beyond 1 AU. This
special session will include both presentations of initial
SMEI results, and related papers on present and future
remote sensing heliospheric observations.
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The Solar Mass Ejection Imager (SMEI) has been
designed to detect and forecast the arrival of solar mass
ejections and other heliospheric structures which are
moving towards the Earth. We describe the instrument,
which was launched into a Sun-synchronous polar or-
bit on 6 January, 2003 on board the US DoD Coriolis
spacecrafth. SMEI contains three CCD cameras, sen-
sitive over the optical waveband, each with a field-of-
view of 60 degrees x 3 degrees. The sensitivity is such
that it will detect changes in sky brightness equivalent
to a tenth magnitude star in one square degree of sky.
Each camera takes an image every 4s and the normal
telemetry rate is 128 kbits/s. SMEI has a photomet-
ric accuracy of around 0.1%. In addition to solar mass
ejections, images of stars and the zodiacal cloud are
measured to this photometric accuracy once/ orbit (102
minutes).

URL: http://www.sr.bham.ac.uk
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