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PML boundary conditions
implementation in 1D and 2D wave
propagation code for an
inhomogeneous, magnetized
ionospheric plasma.

N Gondarenkol (301-405-1621;
natalia@glue.umd.edu)

P N Guzdar! (301-405-1590; guzdar@glue.umd.edu)

S L Ossakow? (202-767-2723;
ossakow@ccs.nrl.navy.mil)

1IREAP, University of maryland, College Park, MD
20742

2Plasma Physics Division, Naval Research Labora-
tory, Washington, DC 20375

We have developed 1D and 2D full-wave propaga-
tion codes with arbitrary direction of propagation to
the magnetic field and the plasma density relevant to
ionospheric interaction studies. A wave launched from
the bottom of computational box should be allowed
to propagate out of the simulation box (top bound-
ary for the 1D case and top and side boundaries for
the 2D case) without providing spurious reflection from
these computational boundaries. We have implemented
the use of a Perfectly-Matched-Layer (PML) technique
using matrix-marching algorithms to accomplish these
goals. Results for various 1D and 2D cases with the
existence of mode conversion layers for specified den-
sity profiles will be presented. These codes can be
used to accurately compute the detailed mode struc-
ture of radio wave in complex magnetized plasma envi-
ronments.

SA11A MCC: 134 Monday 0830h
Nicolet Lecture (joint with SH, SM)

Presiding: D N Baker, University of
Colorado, Boulder

SA11A-01 0830h INVITED

Aeronomy: From Exploration to Data
Assimilation

Robert W _Schunk (435-797-2978;
schunk@cc.usu.edu)

Utah State University, Center for Atmospheric and
Space Sciences 4405 Old Main Hill, Logan, UT
84322-4405, United States

During the last century, there has been continual
progress with regard to elucidating the important aero-
nomic processes that operate in the Earths upper at-
mosphere. However, the progress was not uniform and
there were certain periods of time when significant ad-
vances in knowledge were achieved due to an impor-
tant discovery, a novel instrumental technique, or a
new international program. Shortly after Marconi suc-
cessfully transmitted radio signals across the Atlantic
Ocean, the existence of the ionosphere was clearly es-
tablished and its source, peak height, and layer charac-
teristics were determined. In the mid-1940s, the rocket
technology that became available was used by scientists
to study the ionosphere and upper atmosphere. The
great potential of this new technology, coupled with
a major advance in ground-based instrumentation, led
scientists to realize that a significant increase in knowl-
edge of the terrestrial environment was possible. This
resulted in the International Geophysical Year (1957-
58) and the launch of the first satellite (Sputnik I).
Another significant advance in aeronomy began in the
mid-1980s, with the advent of supercomputers, the de-
velopment of global numerical models, the existence of
numerous ground-based instrument networks, and the
proliferation of satellites. At the beginning of the new
millennium, aeronomy is at the threshold of another
rapid advance in knowledge due to the use of data as-
similation techniques. Although data assimilation has
been widely used by both meteorologists and oceanog-
raphers for several decades, only recently has there
been a sufficient quantity of data for this approach
to be useful in aeronomy. During the coming decade,
tens of millions of measurements of the ionosphere-
thermosphere system could become available on a daily
basis from a myriad of in situ and remote sensing in-
struments. These data sets can be assimilated into
a time-dependent, physics-based, numerical model of
the ionosphere-thermosphere system via Kalman filters
or other assimilation techniques. As a result, it will
be possible to provide time-dependent 3-dimensional
reconstructions of the ionospheric and thermospheric
densities on an hourly basis day after day. These re-
constructions will not only greatly advance aeronomy,
but will also provide important societal benefits.

SA11B MCC: 134 Monday 1000h

Tracing the Sun-Earth Connection
Into the Upper Atmosphere: Study of
the April 2002 Events I (joint with SH,
SM)

Presiding: L J Paxton, Applied
Physics Laboratory; J U Kozyra,
University of Michigan

SA11B-01 1000h INVITED

Tracing the Sun-Earth Connection: The
April 14-24, 2002 Events

Richard Fisher (rfisher@hq.nasa.gov)
NASA Headquarters, Code S, washington, dc 20546,
United States

The interaction of the Earth with the Sun and the
local space environment is complex and presents many
challenges if that interaction if to be fully understood.
The April 14-24, 2002 events may well serve as the cat-
alyst for a new way of approaching the science that
we do. A flotilla of spacecraft that can study the Sun,
the interplanetary medium, the magnetosphere, and the
Earth’s atmosphere are now providing data. For the
first time we can trace, in some detail, the chain of
causality from the Sun to the Earth. We also have
available to us a range of first principle models that
allow us to validate our understanding of the physics
of these processes by completely specifying their in-
puts and comparing their outputs to actual observa-
tions. Data provide the ultimate reality check on the
models. This reality check will allow us to evaluate how
faithfully models handle the transition from one region
of applicability to another as we trace this storm from
the sun to the Earth. For convenience we can con-
sider this system of systems to consist of four chains
that span physics disciplines: solar particles, magne-
tospheric drivers, solar radiance, and energy balance.
In the invited talks that follow each element in this
chain will be summarized. In this event we are able to
trace the production of a disturbance on the Sun as ac-
tive regions, flares and coronal mass ejections, through
the interplanetary medium until it impinges upon the
magnetosphere and interacts with the Earth’s upper at-
mosphere. The April storm is unique, not only for the
behavior of the storm, but for the addition of the in-
formation provided by TIMED as the newest element in
the constellation of satellites providing data. We hope
that this interactive and cooperative study will be a

paradigm for future activities

URL: http://storms.jhuapl.edu
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Solar Radiance Chain in the April 2002
Series of Flares

Robert P Lin! (510-642-1149; rlin@ssl.berkeley.edu)
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1Physics Dept Space Sciences Lab, University of Cal-
ifornia, Berkeley, University of California Space Sci-
ences Laboratory, Berkeley, CA 94720-7450, United
States

2HAO, NCAR, 3450 Mitchell Ln, Boulder, CO 80301,
United States

The April 2002 series of solar storms included a
number of GOES M- and X-class flares, in particular,
a X1.5 flare on April 21 that was observed by many
spacecraft - SoHO, TRACE, Wind, and the recently
launched RHESSI (Ramaty High Energy Solar Spectro-
scopic Imager), which is designed to study flare hard X-
ray/gamma-ray emissions. At the same time the effects
of these emissions on the Earth were observed by an
fleet of spacecraft, including TIMED, and by ground-
based instrumentation. The effects of the increased en-
ergetic photon flux on the Earth’s atmosphere during
solar flares is usually small in comparison to geomag-
netic disturbances, but large X-class flares (such as the
one on April 21, 2002) that are several hours in du-
ration can have significant consequences. When the
1 to 10 nm region of the of the solar spectrum is en-
hanced during a flare, the energy is deposited largely
in the E-region of the ionosphere, 100 to 120 km alti-
tude, where increases in ion density, photoelectron pro-
duction, airglow emission, and odd-nitrogen production
can result. Higher energy photons (such as observed by
RHESSI) penetrate to lower altitudes, where they have
less effect on the atmosphere but can still create addi-
tional ionization in the D-region of the ionosphere, 80
to 100 km altitude, that is disruptive of certain types
of radio communication. Here we present the observa-
tions of solar photon emissions and their effects on the
Earth’s ionosphere and atmosphere.

URL: http://storms.jhuapl.edu
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SA11B-03 1040h INVITED

Tracing the Sun-Earth Connection: The
Solar Particle Chain in April 2002

D. N. Baker! (303-492-4509;
daniel.baker@lasp.colorado.edu); R. A. Mewaldt?
(dick@srl.caltech.edu); S. G. Kanekal®
(kanekal@surya.umd.edu); M. G. Henderson?
(mghenderson@lanl.gov); D. S. Evans®

(David.S.Evans@noaa.gov); S. M. Bailey®

(scott.bailey@gi.alaska.edu); M. J. Reiner?

(reiner@urap9.gsfc.nasa.gov); B. R. Dennis

(Brian.R.Dennis.1@gsfc.nasa.gov)
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4L0s Alamos National Laboratory, PO Box 1663, Los
Alamos, NM 87545, United States

5NOAA, 325 S. Broadway, Boulder, CO 80307, United
States

6 Geophysical Institute, Univ. of Alaska, Fairbanks,
AK 99775, United States

7 Goddard Space Flight Center, Code 682, Greenbelt,
MD 20771, United States

Soon after the RHESSI spacecraft observed an X-
class solar flare early on 21 April 2002 a coronal mass
ejection (CME) moving at ~2500 km/sec was observed
by SOHO to emerge from near the west limb of the
Sun. Almost simultaneously, Type-II and Type-III ra-
dio emission was observed by the Wind spacecraft, in-
dicating the onset of particle acceleration near the Sun.
The active region on the Sun responsible for this event
was magnetically well-connected to the Earth, lead-
ing to a prompt enhancement at 1 A.U. of solar par-
ticles (E>10 MeV) as seen by the ACE and SAMPEX
spacecraft. Strong shock-related particle acceleration
continued to occur as the CME propagated outward
from the sun. The solar particle enhancement lasted
from 21 April to 26 April (as seen by the NOAA/POES
spacecraft) and included enhancement not only of so-
lar protons and heavier nuclei extending to hundreds
of MeV /nucleon but also solar electrons. The energetic
particles produced near the sun, at this and preced-
ing interplanetary shock waves, and deep within the
Earth’s radiation belts were all observed using TIMED
and SNOE to produce substantial effects on the chem-
istry of the Earth’s middle and upper atmosphere. We
examine the impacts of this set of events on atmo-
spheric heating and cooling rates and on ozone densities
in the mesosphere. Using the remarkable constellation
of available spacecraft, we are able to follow the par-
ticle chain from the Sun’s surface all the way to the
deep layers of Earth’s atmosphere with unprecedented
completeness.

SA11B-04 1100h INVITED

Overview of One Aspect of the
Sun-Earth Connection during the
April 2002 Events: the
”Magnetospheric Driver” Chain

Thomas H Zurbuchen! ((734) 647-6835;
thomasz@umich.edu); Janet Kozyra
(jukozyra@umich.edu); Gareth Lawrence?

(grl@kreutz.nascom.nasa.gov); James L. Burch?

(jburch@swri.org); Michael G. Henderson®

(mghenderson@lanl.gov); William J. Burke®
(william.burke2@hanscom.af.mil); Larisa

Goncharenko® (Ipg@haystack.mit.edu); James M.
Russell? (james.russell@hamptonu.edu); Raymond
G. Roble® (roble@ncar.ucar.edu)

1 University of Michigan, 2455 Hayward St, Ann Ar-
bor, MI 48109-2143, United States

2NASA Goddard SFC, MC 682 3 Bldg 26/Rm G1,
Greenbelt, MD 20771, United States

3Southwest Research Inst , 6220 Culebra Rd POD
28510, San Antonio, TX 78228, United States

4Los Alamos Natl Lab ,
87545, United States

MS D436, Los Alamos, NM

5 Air Force Laboratory, 12 Vanderbelt Rd, Acton, MA
01720
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7Hampton University, Department of Physics, Hamp-
ton, VA 23668, United States

SNCAR, POB 3000, Boulder, CO 80307, United States

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract ###H#H#-##, 2002.
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‘We focus on tracing a series of space storm distur-
bances from their solar source regions, through modifi-
cations during heliospheric propagation, impacts on the
magnetosphere and ultimate dissipation in the Earth’s
upper atmosphere. We are able to follow the linked
chain from Sun to Earth because of an unprecedented
collection of satellite and ground-based observations
with the recently launched TIMED spacecraft complet-
ing our view into the upper atmosphere. The exciting
new information is contained in the view of the global
system response that is emerging from the collaborative
analysis of these events by solar, heliospheric, magne-
tospheric and aeronomy communities. We will try here
to provide a preliminary overview of one of the sun-
to-Earth chains which led to significant Geospace im-
pacts in this time interval, described as the ”magneto-
spheric driver” chain. This overview will serve to place
more detailed and focused talks given in this session
into a global context. We describe a chain of events
that started with a multiple set of eruptions at the Sun
producing a complex highly perturbed plasma environ-
ment at Earth defined by three distinct time-periods
of CME ejecta. The three storms that resulted were
each characterized by quasi-periodic (every 2-3 hours)
large-scale auroral activations in the high-latitude iono-
sphere. The effects of these spatial and temporal pe-
riodicities propagated throughout the magnetosphere,
and into the ionosphere/upper atmosphere system pro-
ducing important perturbations to the structure, dy-
namics and chemistry. The development of fine-scale
structures in the auroral region was one interesting as-
pect of the periodicity.

SA11B-05 1120h INVITED

Energy Balance in the Sun-Earth
System During the Solar Storm
Events of April 2002

Martin G Mlynczak! (757-864-5695;
m.g.mlynczak@larc.nasa.gov); Larry Paxton?
Janet Kozyra3; Thomas Woods% Thomas
Zurbuchen®, Gang LuS Manuel Lopez-Puertas’;
Francisco Javier Martin-Torres®; James M
Russelld; Geoff Crowleyl% Richard Picardll
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Hampton, VA 23681-0001, United States

2 Johns Hopkins University Applied Physics Labora-
tory, 11100 Johns Hopkins Road, Laurel, MD 20723,
United States

3Space Physics Research Laboratory, 2455 Hayward
Drive, Ann Arbor, MI 48109, United States

4Laboratory for Atmospheric and Space Physics, 1234
Innovation Drive, Boulder, CO 80303, United States

‘r’Space Physics Research Laboratory, 2455 Hayward
Drive, Ann Arbor, MI 48109, United States

6National Center for Atmospheric Research, 1800 Ta-
ble Mesa Road, Boulder, CO 80307, United States

TInstituto de Astrofisica de Andalucia,
3004, Granada 18080, Spain

Apartado

8Ana1ytical Services and Materials, Inc., 1 Enterprise
Parkway, Hampton, VA 23666, United States

9Hampton University, 23 Tyler Street, Hampton, Va
23668, United States

1055uthwest Research Institute, 6220 Culebra Road,
San Antonio, TX 78238, United States

11AFRL, 29 Randolph Road, Hanscom, MA 01731,

United States

The Solar Storm events of April 2002 offer a unique
opportunity to observe and define the response of
the Sun-Earth system to a large impulse of energy
emanating from the Sun. An unprecedented series
of observations allows us to trace the flow of en-
ergy from the Sun to the Earth and determine the
balance of energy in the heliosphere, the magneto-
sphere, the thermosphere, and the Earth’s lower at-
mosphere. Observations from the recently-launched
Thermosphere-Ionosphere-Mesosphere Energetics and
Dynamics (TIMED) satellite dramatically illustrate the
response of the Earth’s upper atmosphere to these
events, while observations from satellites composing
the Earth Observing System (EOS) may allow us to
determine the effects of the solar activity on the lower
atmosphere. This talk will focus on the balance of en-
ergy within the Sun-Earth system, on the conversion of
energy from the Sun to heat and radiation within the
Earth’s atmosphere, and the subsequent impact on the
atmospheric structure.

SA11B-06 1140h INVITED
TIME(D) for SYNERGY

Mary M Mellott (202-358-0893;
mary.mellott@hgq.nasa.gov)

NASA Headquarters, Code SS, Washington, DC
20546, United States

The launch of NASA’s Thermosphere Ionosphere
Mesosphere Energetics and Dynamics (TIMED) space-
craft on December 7, 2001 coupled with collaborative
efforts supported by the NSF CEDAR program, has
inaugurated a new era in the study of the Sun-Earth
Connection (SEC). The goal of SEC science is to trace
the flow of energy from the Sun into the Earth’s at-
mosphere. We have studied most of the individual el-
ements in this chain, but the TIMED launch put in
place the final link. It is already clear that TIMED
and CEDAR/TIMED data will enable us to greatly ex-
pand our understanding of the energetics and dynam-
ics of the upper atmosphere. The TIMED launch has,
however, also catalyzed studies in many areas outside
of its prime region of interest. With TIMED in place
we have, in combination with an already substantial
fleet of other spacecraft and an extensive collaborat-
ing ground-based community, for the first time, instru-
mentation in position to study energy flow all the way
from the center of the Sun to the surface of the Earth.
The fact that the effects of solar activity can now be
traced down into the atmosphere is leading to a new
paradigm in SEC studies in which researchers focus on
understanding the processes that connect different re-
gions rather than detailing the properties of one or an-
other specific area. This is being ably demonstrated by
the ongoing study of the April 14 to 24, 2002, period,
which is rich in both the variety of geophysical phenom-
ena that are observed and the availability of the data
with which to explore and characterize these phenom-
ena. Several examples of the sorts of new perspective
that TIMED has fostered will be presented.

SA12A MCC: 134 Monday 1330h

Tracing the Sun-Earth Connection
Into the Upper Atmosphere: Study of
the April 2002 Events II (joint with SH,
SM)

Presiding: N J Fox, Applied Physics
Laboratory; E R Talaat, Applied
Physics Laboratory

SA12A-01 1330h

RHESSI Observations of Flares During
the Storms Period from 14 to 24 April
2002

Brian R. Dennis! (301-286-7983;
Brian.R.Dennis.1@gsfc.nasa.gov)

Peter T. Gallagher? (301-286-8968;
ptg@hessi.gsfc.nasa.gov)

1NASA Goddard Space Flight Center, Laboratory for
Astronomy and Solar Physics, Code 682, Greenbelt,
MD 20771, United States

2L3-Communications at NASA Goddard Space Flight
Center, Laboratory for Astronomy and Solar
Physics, Code 682, Greenbelt, MD 20771, United
States

The Reuven Ramaty High Energy Solar Spectro-
scopic Imager (RHESSI) observes X-rays and gamma
rays from solar flares in the energy range from 3 keV to
17 MeV with a duty cycle of about 50%. The RHESSI
observations of the flares during the Storms Workshop
period from 14 to 24 April, 2002, will be reviewed.
Many GOES C- and M-class flares were observed in-
cluding the M2.6 flare on 17 April that was followed by
a CME. The X1.5 flare on 21 April was particularly well
observed with RHESSI in X-rays from its start at 00:40
UT until 01:33 UT on the first orbit, just before the
soft X-ray peak. Footpoint emission was detected to
energies as high as 200 keV, and a spatially-separated
coronal source was identified at energies below about
30 keV. The coronal X-ray source was followed for over
12 more hours on subsequent orbits as it gradually rose
to over 130,000 km above the limb. The X-ray images
and spectra of this flare will be presented in relation to
the TRACE images in the 195-angstrom band and the
LASCO images of the associated CME.

URL: http://hesperia.gsfc.nasa.gov/ ptg/hessi/
20020421/

SA12A-02 1345h

Solar, Interplanetary, and Geospace
Disturbances Associated with the
April 2002 Coronal Mass Ejections

Nat Gopalswamyl (301-286-5885;
gopals@fugee.gsfc.nasa.gov); Seiji Yashiro?
(301-286-8025; yashiro@cdaw.gsfc.nasa.gov); O. C.
St. Cyr? (301-286-2575; steyr@cua.edu); Gareth
Lawrence? (301-286-2941;
grl@kreutz.nascom.nasa.gov); Michael L Kaiser
(301-286-5461; kaiser@panacea.gsfc.nasa.gov);
Joseph B Gurman? (301-286-4767;
gurman@grace.nascom.nasa.gov); Russell A
Howard3 (202-767-5636;
howard@cronus.nrl.navy.mil)

1

INASA Goddard Space Flight Center, Bldg 21, Green-
belt, MD 20771, United States

2 Catholic University of America, 200 Hannan Hall,
Washington, DC 20064, United States

3Naval Research Laboratory, Space Science Division,
Washington, DC 20375, United States

The Solar and Heliospheric Observatory (SOHO)
detected a large number of coronal mass ejections
(CMEs) during the April 14-24, 2002 period. We de-
scribe the properties of these CMEs and contrast them
with those of the general population of CMEs. We ex-
plore the connection of these CMEs to the interplan-
etary shocks and the solar energetic particles events
using Wind and GOES data, respectively. We assess
the extent of preconditioning of the corona by repeated
flaring and mass ejections from the active regions in-
volved. Based on the arrival times of the interplanetary
CMEs and shocks, we discuss the evolution of these
disturbances as they propagated between the Sun and
Earth. We compare the extended nature of the main
phase of the complex geomagnetic storm to other other
similar extended storm periods

URL: http://cdaw.gsfc.nasa.gov/CME_list /sec/

SA12A-03 1400h

Composition and Spectra of Solar
Energetic Particles from ~0.1 to >100
MeV /nucleon during the April, 2002
Storms Period

Christina M S Cohen! (626 395-6614;
cohen@srl.caltech.edu); Richard A Mewaldt!
(rmewaldt@srl.caltech.edu); Glenn M Mason?2
(glenn@umail.umd.edu); Mark D Looper3
(mark.d.looper@aero.org); Joseph R Dwyer%
(dwyer@pss.fit.edu); Richard A Leskel
(ral@srl.caltech.edu); Joseph E Mazur3
(joseph.e.mazur@aero.org); Tycho von
Rosenvinge5 (tycho@lheamail.gsfc.nasa.gov)

1 California Institute of Technology,
Pasadena, CA 90125, United States

MC 220-47,
2Uuiversity of Maryland, Space Sciences Building,
College Park, MD 20742, United States

3The Aerospace Corporation, 2350 E. El Segundo
Blvd, El Segundo, CA 90245, United States

4Florida Institute of Technology, 150 W. University
Blvd, Melbourne, FL 32901, United States

5NASA/Goddard Space Flight Center,
Greenbelt, MD 20771, United States

MC 661,

We report measurements of the composition, energy
spectra, and time variations of solar energetic parti-
cles (SEPs) during the April 14-24, 2002 Storms period.
This period included three fast coronal mass ejections
(CMEs) and several interplanetary shocks that affected
the low-energy particle intensity at 1 AU, including the
4/21/02 SEP event that was among the largest of solar
cycle 23. We use data from ACE and SAMPEX to mea-
sure the energy spectra of accelerated ions from H to Fe
(1 < Z < 26) over the energy range from ~0.1 to >100
MeV /nucleon during the course of this event. By com-
paring the onset time of >30 MeV protons with CME
images from SOHO we determine that the highest en-
ergy particles were first accelerated within 3 solar radii
of the Sun. The high-energy (>5 MeV /nucleon) spec-
tra of all species have a ’knee’ at 10-20 MeV /nucleon
- at lower energies (<1 MeV /nucleon) there is a sep-
arate spectral component that most likely reflects the
contributions of particles accelerated by interplanetary
shocks as they approach 1 AU. By combining data from
several instruments over a wide energy range it is pos-
sible to characterize the separate acceleration processes
at work during this time period and to provide a com-
prehensive measure of solar and interplanetary particle
input to the Earth’s upper atmosphere.

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F, 2002.



