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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.
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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.
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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.
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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/
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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.
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Relativistic solar electrons can play a role in the

magnetospheric-ionosphere system response. Because
their transit time to Earth is little more than 10 min-
utes, detailed knowledge of their acceleration, injec-
tion, and propagation mechanisms is critical to estab-
lishing a causality chain to the Earth’s upper atmo-
sphere. The time period 14-24 April 2002 contains
two periods of high intensities (~106/cm2s,sr,MeV) of
near-relativistic electrons (38-315 keV) measured by
the EPAM experiment on the ACE spacecraft that we
can use to probe the causality of this response. First,
on April 17 near-relativistic electrons were injected in
association with flare and coronal mass ejection (CME)
activity (2N/M1.2 flare S14W34 at 07:46 UT). By coin-
cidence, an interplanetary shock passed over ACE less
than 3 hours later at 10:21 UT, somewhat enhancing
the impulsively injected particles. The electron inten-
sities then decayed over the next day to ~ 3% of their
post-shock value. Second, the large west limb activity
on 21 April 2002 (2N/M2.6 flare S14W84 at 00:43 UT)
was associated with at least three erupting (CMEs),
as imaged by LASCO on the SOHO spacecraft. The
earliest projected CME launch (extrapolated to 1 R¢))
was at 01:15 UT for the dominant CME in the ecliptic
plane, which had a projected speed of 2247 km/sec off
the west limb. Electrons were injected promptly into
the interplanetary medium when the radial distance of
this CME was ~3.5 R(;), based on the arrival of 175-
315 keV electrons at the ACE spacecraft and assuming
a path length of 1.2 AU. Unlike the 17 April event, the
electron intensities continued to rise by ~300% over the
next day, and then decayed only by ~10% when the
CME-related shock arrived at ACE at 04:15 UT on 23
April. Consequently, even though the peak intensities
of the first and second electron events were comparable,
the fluence in the second was much greater (contribut-
ing to its increased geo-effectiveness).
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One of the most interesting aspects of the April 2002
geomagnetic storm was the quasi-periodic geomagnetic
activity that we refer to as “sawtooth” events. Saw-
tooth events were first identified as an intriguing sig-
nature in the LANL geosynchronous energetic particle
fluxes showing sharp increases in particle fluxes fol-
lowed by gradual decreases which repeat roughly every
2-3 hours. The variations are similar to the standard
dropout and injection of energetic particles see in iso-
lated substorms. However, unlike isolated substorms,
after each injection a new dropout begins immediately,
over a broad range of energies, producing the character-
istic sawtooth profile. Furthermore the sawtooth sig-
natures are seen at all local times, not just the near-
midnight sector. Space magnetometer data show that
the dropouts and injections are produced by exception-
ally strong stretching and dipolarization of the mag-
netic field and confirm that the stretching begins im-
mediately after the preceding injection without an in-
tervening recovery phase. However, ENA observations

show that these events are true injections of fresh par-
ticles and not an adiabatic re-arrangement in response
to the field changes. Auroral observations likewise show
clear auroral onsets with each sawtooth injection, but
those onsets can be embedded in ongoing auroral ac-
tivity rather than distinct episodes separated by quiet
intervals. It is not surprising that sawtooth activity
is a subset of geomagnetic storm activity (intervals of
large negative Dst). The quasi-periodicity and clear
separation of each onset are not, however, characteris-
tic of most geomagnetic storms. Additionally, each in-
dividual sawtooth is associated with an increase in the
SYM-H component.
in the April 2002 storm provide a unique opportunity
to deconvolve the effects of quasi-steady and impul-
sive responses of the magnetosphere. In addition to
discussing the magnetospheric response and solar wind
driving that produces these interesting sawtooth sig-
natures we discuss the implications for the interpreta-
tion of the broad range of geomagnetic responses to the
April 2002 storm interval.

Sawtooth intervals such as those
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The first coordinated TIMED/CEDAR storm cam-
paign of April 14-24, 2002, provides an excellent op-
portunity for the space physics community to tackle
some outstanding questions regarding the Sun-Earth
connection, such as the energy coupling between the
Sun and the Earth. A set of comprehensive data has
been collected both from space and from ground to
study this event, including the global auroral images
from the IMAGE FUV instrument, auroral precipi-
tation from polar orbiting satellites, ion drifts from
the SuperDARN radars, and magnetic perturbations
from a global network of ground magnetometers. The
Assimilative Mapping of Ionospheric Electrodynamics
(AMIE) procedure is used to derive ”snapshot” maps of
the large-scale ionospheric electrodynamic fields. The
preliminary analysis of the data has indicated dynamic
changes in the ionospheric electrodynamic system dur-
ing the storm, with AE going up to 2400 nT and Dst
going down to -150 nT. Energy deposition in terms of
auroral precipitation and Joule heating will be esti-
mated, and the variability of the energy inputs asso-
ciated with geomagnetic activity as well as solar wind
conditions will be examined. We also investigate energy
partitioning in the upper atmosphere.
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A rich variety of solar and magnetospheric particles

precipitated into the upper atmosphere during a series
of 3 magnetic storms and a solar particle event that oc-
curred in rapid succession linked to active region 9906.
These populations include: large-scale periodic (every
2-3 hours) activations of the auroral oval precipitation,
a significant auroral high energy tail, ring current pre-
cipitation, a series of solar protons and solar relativistic
electron populations entering the expanded storm-time
polar cap, and one of the larger solar energetic parti-
cle events of this solar cycle including enhanced >10
MeV /nucleon particles, near-relativistic electrons and
high energy protons. The relatively soft energy spec-
trum of the solar proton event has interesting implica-
tions for the depth of penetration and ultimate impacts
on the upper atmosphere. The combination of these
solar and magnetospheric particles produced dramatic
and long-lasting changes to the structure, chemistry
and composition of the upper atmosphere. We focus
on the relative energy input from each of these popu-
lations versus time and estimate their contributions to
heating, ionization and the production of chemically-
active minor species in the upper atmosphere. We use
this information to identify solar drivers that produced
particularly geoeffective particle inputs to the upper
atmosphere both in terms of energy input and the alti-
tude where they produce their maximum impacts.
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The major storm events of 14-24 April 2002, initi-
ated by several solar disturbances, produced significant
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enhancements in many regions within the terrestrial
magnetosphere. In particular, we investigate the iono-
spheric response to such disturbances as observed by
close orbiting spacecraft. Data will be presented from
the LENA imager on the IMAGE spacecraft, the TIDE
instrument on Polar and the ion spectrometer on the
four Cluster spacecraft. All the instruments observe
outflow on the 18th April 2002, although the orbits of
the spacecraft are such that the timings of the outflow
are not simultaneous. Nevertheless, the magnetosphere
is highly disturbed at this time due to the arrival of in-
terplanetary shocks and the storm activity as a result.
In this study we present the observations from the three
spacecraft and make an attempt to place these observa-
tions into context with the large-scale Sun-Earth inter-
action which has taken place. The outflow events are
most likely a result of the enhanced magnetospheric ac-
tivity, though we try to relate the event to particular
features observed in both the solar wind and the inner
magnetosphere.
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We present measurements of the cross-polar-cap po-

tential drop and the extent and magnitude of the elec-
tric field penetration during the April 2002 storm, pro-
vided by ion drift measurements on three DMSP space-
craft. The cross-polar-cap potential drop exceeded 150
kV on four occasions near Dst minima on April 17,
18, 19, and 20. In the absence of significant shield-
ing near the inner edge of the ring current, measurable
electric field penetration to low L-values was observed,
maximizing near the Dst minima. The auroral oval
reached a minimum magnetic latitude near 50 degrees
while substantial electric fields penetrated to below 40
degrees magnetic latitude. The potential drop equa-
torward/earthward of the auroral oval/electron plasma
sheet was a sizable fraction of the total potential drop
across the polar cap/magnetosphere during the main
and early recovery phases of the storms, at times ex-
ceeding 60 kV. We discuss these results and their im-
plications of the formation and decay of the storm time
ring current.
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The structure of the global ionosphere during the
April 17 to 20, 2002 magnetic storm is investigated
using a number of simulation techniques. The obser-
vations show that the daytime densities were reduced
by a factor of 3 for three consecutive days within the
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continental US. Although they are in the same longi-
tude sector, the East and West coasts of the US show
differing patterns. The Northern and Southern hemi-
sphere also behave differently, in spite of the fact that
the storm is close to equinox. During most of the storm
period, the Equatorial Appleton anomaly is reduced,
both in strength and in width. The ionospheric as-
similative model called PRISM was used to estimate
the profiles of ionospheric density throughout the globe
during the April 2002 magnetic storm. The inputs to
PRISM are vertical Total Electron Content (TEC), F-
region Maximum density and height, as well as DMSP
data such as high-latitude particles and auroral bound-
aries. TIEGCM simulations of the ionosphere for these
days were performed. We compare the output from the
assimilative model with that from the TIEGCM simula-
tion in order to explain the reasons for the agreements
and disagreements between the theoretical simulation
model, and the ionospheric assimilation model. To ex-
plain the behavior of the Equatorial anomaly, we exam-
ine the electrodynamics in the low-latitude region for
the event.
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The Global Ultraviolet Imager (GUVI) on the NASA
Thermosphere ITonosphere Mesosphere Energetics and
Dynamics (TIMED) spacecraft is a hyperspectral im-
ager that operates in the far ultraviolet (110 to 180
nm). During the April storm GUVI observed changes in
the observed radiance that can be interpreted in terms
of changes in composition in the ionosphere and ther-
mosphere (IT) and the coupled response of the IT sys-
tem to forcing from outside the atmosphere.

In this paper we review the results of the ASPEN
TIMEGCM runs and compare them to the GUVI obser-
vations. We will report on our analysis of the neutral
composition measurements and the observed change
that occured in response to external inputs. We will
also report on our analysis of the GUVTI observations of
the nightside ionosphere. In those observations we see
the clear signature of the interaction of the IT system
as it responds to high latitude forcing.

URL: http://guvi.jhuapl.edu

SAI12A-12 1645h

HALOE Observations of Perturbations
in High Northern Latitude NO and
Ozone During the April 2002 Solar
Storm Episode

John Anderson! (757-727-5106;
john.anderson@hamptonu.edu)

Charles H. Jackman? (301-614-6053;
jackman@assess.gsfc.nasa.gov)

James M. Russelll (757-728-6893;
james.russell@hamptonu.edu)

1 Center for Atmospheric Sciences, Hampton Univer-
sity, 23 Tyler Street, Hampton, VA 23668, United
States

2NASA Goddard Space Flight Center, Code 916
NASA/Goddard Space Flight Center, Greenbelt,
MD 20771, United States

The April 2002 solar storm event provides a unique
opportunity to study the resulting effects on up-
per atmospheric constituents such as NO and ozone.
Two sources may perturb these constituents. For a
magnetic-storm-source, energetic particles collide with
and dissociate nitrogen molecules in the lower thermo-
sphere to produce excited nitrogen atoms which then
combine with O to produce NO. The NO subsequently
gets transported down to lower altitudes where it re-
acts with and thus destroys mesospheric and possibly
stratospheric ozone. For a solar-particle-event-source,
high-energy particles penetrate directly into the meso-
sphere, break apart nitrogen molecules and water va-
por, creating NOx and HOx to destroy ozone in the
middle atmosphere. We present perturbations in high
northern latitude NO and ozone as measured by the
Halogen Occultation Experiment (HALOE) aboard the
Upper Atmosphere Research Satellite between April 20-
27. HALOE observations show an order of magnitude
increase in mesospheric NO and a factor of 2 decrease
in mesospheric O3. We will also compare these obser-
vations with NASA GSFC 2D model computations.
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The exospheric temperature for the Earth’s upper
atmosphere is often specified by an empirical formu-
lation for Jacchia-type neutral thermosphere density
models. The Jacchia 1970 model, for example, uses
an equation that was derived from a relationship be-
tween the 10.7 cm solar radio flux (F10.7) and observed
satellite drag nearly 40 years ago. F10.7 is representa-
tive of solar coronal emissions. In the last few years,
advances in two separate areas have converged to pro-
vide an enormous step forward in exospheric temper-
ature/thermospheric density specification. First, in-
formation on the long term orbit evolution of a few
key satellites over several solar cycles became available.
Second, the E10.7 solar proxy, representative of both
chromospheric and coronal solar emissions, was devel-
oped and compared with the F10.7 proxy for use in
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