Abstract: The average intensity and center-to-limb
variation of active regions, enhanced network (large-
scale active region fragments), and quiet-Sun are esti-
mated by minimizing the variance between time series
of the Solar-Stellar Irradiance Comparison Experiment
(SOLSTICE) far ultraviolet (FUV) irradiance measure-
ments and a model of the solar irradiance that de-
pends on the distribution of solar surface features. The
model is constrained by grouping the broad range of
solar features into four components that contribute the
most to solar irradiance variability over the solar ac-
tivity cycle. The areas of these components are identi-
fied on approximately 800 ground-based Ca II K spec-
troheliograms with an algorithm that uses criteria of
size, filling factor, intensity, and contiguity. These 800
maps are the "known” parameters to the solar irradi-
ance model. The unknown parameters to this model
are the average intensities and center-to-limb varia-
tion of these four components. Because of systematic
uncertainties associated with the SOLSTICE measure-
ments and the Ca II K maps we are limited to report-
ing the computed intensities and center-to-limb vari-
ation of active regions, enhanced network, and quiet-
Sun for wavelengths between 120.0 nm and 170.0 nm.
We find good spectral agreement between active re-
gion center-to-limb variations and image-based mea-
surements of quiet-Sun center-to-limb variations. In-
tensities for plage, enhanced network, and quiet-Sun
are reported with a typical uncertainty of about 8%.
This uncertainty is primarily associated with the SOL-
STICE FUV calibration.
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Empirical models of solar spectral irradiance
varaibility combine areas and locations of plage and
sunspots with wavelength dependent contrast factors
in order to estimate the solar spectrum. At UV wave-
lengths, these models have relied on estimated or cal-
culated contrast factors that are often at low resolu-
tion. Using quiet sun, plage, and sunspot spectra near
Mg II at ~ 2800A measured by the NRL HRTS instru-
ment, we have recently determined the wavelength de-
pendent contrast factors for plage and sunspots. In
this presentation we will discuss the use of measured
contrast factors in a spectral irradiance model of the
2765 - 2885A region and the preliminary comparisons
of model results with SUSIM observations. These com-
parisons will examine spectral irradiance variations on
solar rotational and solar cycle time scales.

SH11C-0734 0830h POSTER

Variations in Total Solar and Spectral
Irradiance During Solar Cycle 23

Michael Turmon! (818-393-5370;
turmon@jpl.nasa.gov)

Judit Pap? (301-286-7511;
papj@marta.gsfc.nasa.gov)

Linton Floyd3 (202-767-2258;
floyd@susim.nrl.navy.mil)

Darrell Juclge4 (judge@uscs.edu)

Donald McMullin? (mcmullin@usc.edu)

1Jet Propulsion Laboratory, M/S 126-347 4800 Oak
Grove Drive, Pasadena, CA 91109

2University of Maryland Baltimore County, NASA-
GSFC Code 680.0, Greenbelt, MD 20771

3Naval Research Laboratory, Washington, DC 20375,
Washington, DC 20375

4University of Southern California, University Park,
SHS-274, Los Angeles, CA 90089, United States

Observations of total solar and spectral irradiance
in near-UV (402 nm), visible (500 nm) and near-IR (862
nm) have been conducted by the SOHO VIRGO exper-
iment since January 1996, providing information about
irradiance changes during the minimum, rise, and max-
imum of solar cycle 23. Solar EUV and UV irradiance
measurements are available for the same time inter-
val by the SOHO/CELIAS/SEM and UARS/SUSIM ex-
periments. Analysis of the SOHO/MDI images makes
it also possible to compare irradiance variations with

the evolution of magnetic structures, such as sunspots,
facuale and the network. In this paper we study the
spectral distribution of irradiance changes and their
relation to magnetic activity. Results on longer-term
variations between 1978 and 2001 are also presented.
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The phenomenon of interaction between coronal
mass ejections in the near-Sun interplanctary medium
is surveyed using data from SOHO and Wind missions.
Long wavelength radio data (1-14 MHz) reveal CME-
CME and CME-shock interactions. CME interactions
may result in change of CME trajectories or merger
(7 cannibalism”). Typically, slower CMEs are overtaken
by faster CMEs. Occasionally, multiple interactions are
observed. Solar cycle variation of the CME interaction
rate will be presented based on a careful examination
of all the available CME data from SOHO. Finally, con-
sequences of the CME interaction in the interplanetary
medium will be discussed briefly.

Research supported by NASA, AFOSR and NSF.
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There are at least two types of ejecta in the solar
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wind: magnetic clouds (in which the magnetic field di-
rection rotates smoothly through a large angle) and
complex ejecta (in which the magnetic field direction
has a complex structure). Ejecta are generally associ-
ated with CMESs, but this association is not understood
in detail. Near solar maximum, complex ejecta in the
form of a single fast stream can be associated with a
series of CMEs. Conversely, successive CMEs can inter-
act and merge to form complex ejecta near 1 AU. More
generally, a series of ejecta and corotating streams at
1 AU can form a transient flow system in which the in-
dividual streams interact and coalesce with increasing
distance from the sun, forming larger structures. We
shall show examples of the types of flows and flow sys-
tems mentioned above, including transient flow systems
observed by Helios 1 during 1979, by ACE in May, 1998,
and by ACE in July, 2000. Although these phenomena
have been studied for many years, significant progress
in understanding them is being made based on the re-
cent nearly continuous in situ observations from WIND
and ACE at 1 AU, the unprecedented composition ob-
servations from ACE, the high sensitivity coronagraph
and EIT observations from SOHO, and realistic time-
dependent 3-D MHD codes.
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Unusually high charge compositions, for Fe and O,
have been established to be a very reliable tracer for
CME plasma. These charge states indicate the pres-
ence of source material with temperatures in excess of
3 MK that become part of the interplanetary CMEs.
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Some topologically simple CMEs have relatively con-
stant composition throughout the ejecta. However,
in many cases, we find abrupt composition changes
within the CME. These composition changes can be
used to study the heterogeneous nature of many CMEs
at Earth. We will use a statistical study of coronal
mass ejections to study composition and structure of
these composite CMEs. We use publicly available so-
lar wind and remote solar data to associate these com-
posite CMEs with interacting plasma structures in the
inner corona.
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We are developing tomographic techniques for ana-
lyzing remote sensing observations of heliospheric den-
sity and velocity structure as observed in Thomson
scattering (e.g. using the Helios photometer data) for
eventual use with Solar Mass Ejection Imager (SMEI)
observations.

We have refined the tomography program to en-
able us to analyze time-dependent phenomena, such as
the evolution of corotating heliospheric structures and
more discrete events such as coronal mass ejections.
Both types of phenomena are discerned in our data,
and are reconstructed in three dimensions. We use our
tomography technique to study the interaction of these
phenomena as they move outward from the Sun for sev-
eral events that have been studied by multiple space-
craft in-situ observations and other techniques.

This work is supported by NASA grant NAG5-8504
and AFOSR grant F49620-01-1-0054.

URL: http://casswww.ucsd.edu/solar/crew/bjackson /
index.html
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Interplanetary scintillation (IPS) measurements
made with numbers of the lines-of-sight to radio sources
allow us to produce an all-sky map of solar wind
plasma. Such imaging observations by IPS are use-
ful for studying the three-dimensional structure and
propagation of the coronal mass ejection (CME) in the
interplanetary space. In this paper, we report IPS
imaging observations taken with the 327 MHz IPS sys-
tem of the Solar-Terrestrial Environment Laboratory
(STEL), Nagoya University, for the July 14 (Bastille
Day), 2000 event. The interplanetary (IP) counter-
part to the flare/coronal mass ejection (CME) which
occurred on July 14, 2000 was found clearly from STEL
IPS measurements made on July 14-15. The all-sky
map of the solar wind density disturbance factor (so
called ” g-value”) derived from our IPS data exhibits ap-
proximately symmetric appearance of IP disturbances
in eastern and western hemispheres. Our IPS data show
that the latitude extent of IP disturbances was much
smaller than the longitude one, implying a torus-shape
structure of IP disturbances. The wing part of IP dis-
turbances probed by IPS was found to expand at slower
speed than the central part directed to the earth.
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Recent advances in numerical methods and com-
puter systems have made it possible to address compli-
cated dynamic phenomena occurring in the heliosphere.
Simulation of large-scale interplanetary interactions re-
quires consideration of the preexisting structured ambi-
ent solar wind, realistic treatment of the launch phase
of transient disturbances, and accurate tracking of in-
teractions among multiple ambient and transient struc-
tures. We will review recent progress in this area, with
special attention being given to the distortion of shocks
and CMEs propagating within the streamer belt, to
their possible appearance in in-situ and line-of-sight

observations, and to phenomena generated by coll
of magnetic flux ropes and interplanetary shocks.

SH11D-07 1035h INVITED

Numerical MHD Simulation of
Flux-Rope Formed Ejecta Interaction
with Bi-modal Solar Wind

S T Wul (256-824-6413; wus@cspar.uah.edu)
Ai Hua Wang! (256-824-6052; wanga@cspar.uah.edu)

Bruce Tsurutani? (818-354-7559;
Bruce. Tsurutani@jpl.nasa.gov)

Arjun Tan3 (256-858-8115; tana@aamu.edu)

1Center for Space Plasma and Aeronomic Research
Department of Mechancial and Aerospace Bngi-
neering, The University of Alabama in Huntsville,
Huntsville, AL 35899, United States

2Jet Propulsion Laboratory, California Institute of
Technology, 4800 Oak Grove Drive, Pasadena, CA
91109, United States

3Department of Physics, Alabama A M University,
Normal, AL 35762, United States

Recent SOHO and WIND observations have shown
that CMEs could be accelerated or decelerated due to
their interactions with the solar wind. These inter-
actions will result in different solar wind signatures.
In order to understand the physics of CME interac-
tion with non-uniform solar wind during propagation,
we combined our previously developed two-dimensional
planar bi-modal solar wind model (Wang et al. 1996)
and streamer and flux-rope model (Wu et al. 1995) to
study the fast and slow wind interactions with the prop-
agating CME. This simulation is carried out up to the
inner heliosphere (~30 Rg (solar radii)). The results
will show the effect of CME propagation speed by the
fast and slow speed solar wind, and the shock forma-
tion and their comparison with the uniform solar wind.
Also the features of the deflection of CME propagation
due to streamer will be discussed.

STW and AHW acknowledge AFOSR, NSF, JPL,
and AAMU subcontract of NASA prime contract.

Wang, A. H., S. T. Wu, S. T. Suess, and G. Poletto,
Global Model of Corona with Heat and Momentum Ad-
dition, J. Geophys. Res., 103, A2, 1413-1922, 1996.

Wu, S. T., W. P. Guo, and J. F. Wang, Dynami-
cal Evolution of Coronal Streamer Bubble System: I.
A Self-consistent Planar Magnetohydrodynamic Simu-
lation, Solar Physics, 157, 325-348, 1995.
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We have carried out MHD simulations of the evolu-

tion of the class of CMEs known as magnetic clouds. It
has been shown that such CMEs survive as flux ropes
during their interaction with the solar wind. How-
ever, their shape at 1 AU depends on both their initial
density and relative velocity with respect to the solar
wind, and in no cases does cylindrical symmetry sur-
vive the interaction of the flux rope with the solar wind.
We have investigated magentic reconnection between a
CME and the solar wind, for the case of propagation in
a uni-directional field and along a current sheet. Re-
connection happens asymmetrically in the former case,

and either on both or neither side in the latter. Finally,
we have carried out a systematic study of the effective
drag force operating on a CME. The drag coefficient is
of order unity, but the actual motion is also influenced
by the virtual mass effect.
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Recently Gopalswamy et al. [2000] studied observa-
tions of ICMEs by WIND spacecraft and correlated
these observations with CMEs detected previously by
SOHO coronographs. They found that the Sun-Earth
mean acceleration of these events was approximately
proportional to their initial speeds, and they suggest
that this result could be used for space weather fore-
casting. In this work we perform a parametric study of
several CME like disturbances propagating in two dif-
ferent ambient winds using a one dimensional, single
fluid, hydrodynamic model, to study the kinematics of
the CME fronts near the Sun to 1 AU. These 1-D sim-
ulations of interplanetary disturbances have shown to
be very useful to understand the basic physical aspects
of the injection and heliospheric evolution of these phe-
nomena. In this work we explore how the CME acceler-
ation and transit time from near the Sun to 1 AU varies
depending on the CME initial conditions and the am-
bient solar wind.
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For a set of 50 Coronal Mass Ejections (CMEs) ob-
served with the Large Angle and Spectrometric COron-
graph (LASCO) on board of the SOlar and Heliospheric
Observatory (SOHO) mission, we estimate the density
and measure the sky-plane speed at 18 solar radii (RQ).
We feed these parameters to a one dimensional, single
fluid, hydrodynamic model to simulate the CME prop-
agation from 18 R@ to one AU, and iteratively adjust
the initial temperature and ambient solar wind speed
using in situ measurements by the Wind mission prior
to and during the ICMEs that pair with the white-light
CMEs. Following the evolution of the nose of the ejecta
we are able to construct an acceleration model for the
simulated ICMEs. We compare and discuss the simu-
lated acceleration profile with the observed mean accel-
eration in order to obtain a general ICME acceleration
model.
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Energetic particle acceleration is one of the key fea-
tures of fast CME events. It has long been known
that in CME-related solar particle events, the peak in-
tensities of particles below 10 MeV /nuc often occur
at the shock passage, and not in the initial acceler-
ation process much closer to the sun. This acceler-
ation of energetic particles by interplanetary shocks
has been extensively studied and modeled, and yet the
seed population for the acceleration mechanism remains
to be identified.
accelerated particles is roughly similar to solar sys-
tem abundances, it has been presumed that the solar
wind is the source.

Because the ion composition of the

Yet discrepancies in both compo-
sition and spectral form between models and observa-
tions show that a complete picture has yet to be syn-
thesized. Recent observations on Ulysses and Wind
have shed new light on these questions: first, it has
been found that the solar wind continuously exhibits
a suprathermal tail; second, singly ionized He — ex-
tremely rare in the solar wind — is enhanced by a factor
of ~1000 in corotating shocks. More recently, ACE ob-
servations have shown that a sizable fraction of inter-
planetary shock events and CME-related solar particle
events show large enhancements of the rare isotope 3He.
These tracer ions, He+ and 3He, are evidence that the
energetic particle population is not accelerated out of
the bulk thermal pool, but rather out of the suprather-
mal energy region above the solar wind bulk speed. The
suprathermal region has numerous ion sources (e.g., so-
lar wind suprathermal tail, pick-up ions, and remnant
suprathermals from prior solar and/or interplanetary
activity), and varies in intensity more than the solar
wind itself. Understanding the properties of this pop-
ulation, including temporal and spatial variations, and
the details of the injection mechanism, appears to be
a critical challenge for actually predicting or modeling
the energetic particle population accelerated by a given
shock.
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‘We examined the solar sources of a set of large so-
lar energetic particle (SEP) events with mixed (impul-
sive + gradual) abundance signatures. The SEP events
were detected by the Solar Isotope Spectrometer (SIS)
on board the Advanced Composition Explorer (ACE)
spacecraft. For each of the SEP events, we identified
a "primary” coronal mass ejection (CME), detected by
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