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orbits and the injected particle fluxes. We also discuss
the dependence of the ion and electron injections on
pulse parameters, such as speed, field magnitude and
spatial extent. The results with the non-dipolar, time-
dependent background field show marginal increase in
injection strength for energies of 10 to 400 keVs and
typical pulse parameters compared to the case of dipole
background, however the differences become more sig-
nificant for very active events or very high particle en-
ergies.
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The Cluster spacecraft cross the plasma sheet at
distances of X -16 to -19 Re, significantly earthward of
the mean X-line location of -25 Re determined by Geo-
tail. Indeed, transport in the plasma sheet observed by
Cluster is usually directed sunward during both quies-
cent and active intervals. Cluster’s polar orbit is ide-
ally suited for the detection of traveling compression
regions (TCRs) in the tail lobes and, to a lesser extent,
flux ropes in the plasma sheet. TCRs are caused by
the rapid motion of flux ropes embedded in high-speed
plasma sheet flows generated by multiple X-line recon-
nection. Hence, they can be used to remotely sense
the movement of flux ropes and the plasma sheet flows
in which they are embedded. Cluster fluxgate magne-
tometer measurements taken during the 2001 and 2002
tail seasons have been used to identify and analyze flux
rope motion in the near-tail. Earthward moving flux
ropes, detected either in situ or remotely as TCRs, are
found to outnumber tailward moving flux ropes by a
ratio of 3 to 1. Here we investigate the interplanetary
and magnetospheric conditions associated with the pro-
duction of tailward moving flux ropes at Cluster and,
by implication, X-line formation in the very near-tail
(i.e., X > −19 Re). The results will be discussed in
terms of the processes leading to plasma sheet thinning
and current sheet filamentation.
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We have examined the magnetic field and ion ve-
locity data from the Cluster spacecraft on 27 August
2001 when the spacecraft were located in the postmid-
night magnetotail at xGSM = −19RE and yGSM =
−2RE . Fast earthward flows were recorded at both
Cluster sc1 and sc3 ∼32 min prior to a substorm on-
set at ∼0401 UT, when enhanced tailward flows were
detected at both spacecraft. Cluster sc3 also detects
earthward directed flows ∼30 min after the onset.
These plasma flows are suggestive of slow-mode shocks
in a Petschek-type reconnection layer. The negative
By component of the observed magnetic field coinci-
dent with high-speed tailward flows at substorm onset
strongly suggest the formation and ejection of a plas-
moid. We apply a curvature analysis technique on the
magnetic field data to investigate the topology of the
plasmoid during its evolution. The indication that re-
connection is active prior to the downtail release of the
plasmoid at substorm onset may be interpreted as a
semi-continuous erosion of magnetic fields in the near-
Earth magnetotail region and may provide us with in-
formation on the dynamic evolution of the near-Earth
neutral line (NENL) to the point of plasmoid release.
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At 0400 UT on August 27, 2001 the Cluster space-
craft located near midnight at 19 Re began to observe

a tailward flow with southward magnetic field. This
flow persisted for several minutes and then both field
and flow reversed to northward and Earthward. The
event was associated with a rotation of the magnetic
field from its usual orientation along the GSM X-axis
to nearly antiparallel to the Y-axis. In a principal axis
system the Bx’ component changed from +12 nT to
-12 nT and then back. As the spacecraft passed down-
ward through Bx’ = 0 significant current antiparallel to
the magnetic field was encountered. At this time the
line containing the field and current pointed roughly
45 from gsm Bx towards dawn. The plasma flow was
generally tailward orthogonal to the line containing the
field and current. While the spacecraft were in the re-
gion of negative Bx’ the plasma flow was tailward along
X. When the spacecraft returned through Bx’ = 0 the
current and field were again antiparallel at 45 and the
flow was still tailward orthogonal to the current and
field. Next the flow rotated 180 becoming Earthward
with a duskward component. These observations sug-
gest that an x-line formed Earthward of Cluster releas-
ing a structure that was convected tailward past the
spacecraft. This x-line remained Earthward of Clus-
ter for four minutes steadily forcing plasma tailward
with imbedded southward magnetic field. The x-line
then moved tailward past Cluster rotating the field to
northward and the flow to Earthward. These obser-
vations become particularly important when placed in
the context of substorm activity on this day. A ma-
jor substorm expansion followed the onset of the x-line
signatures by about six minutes.
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A partial halo CME was associated with an X-class
flare on April 21, 2002. It accelerated to 2500 km/s
and produced an SEP event. UVCS/SOHO observed
the event at 1.64 solar radii, near the peak accelera-
tion. The UV spectra establish the conditions in the
pre-CME streamer where much of the mass of the CME
originates. Doppler shifts show that a large part of the
streamer motion is transverse rather than radial, with
an Earth-directed velocity component of 850 km/s. The
transverse acceleration is even larger than the radial ac-
celeration. From the density and acceleration we derive
a lower limit to the magnetic field at 1.64 solar radii.
High temperature emission indicates a probable current
sheet, which in some CME models is vital to the CME
acceleration. Thus we obtain estimates of the mass, ac-
celeration and magnetic field of the CME in the region
of the corona where these quantities are established.
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All three halo CMEs occurred between 14 and 24
April 2002 are found to be associated with flares, inter-
planetary trasient shocks and geomagnetic storms, and
thus are Earth-directed. To understand why the April
15 and 17 Earth-directed halo CMEs cause geomagnetic
storms much stronger than the April 21 Earth-directed
halo CME, we first determine the central position and
the line-of-sight propagation velocity of the three halo
CMEs using the cone model (Zhao et al., 2002), and
then identify source regions of the halo CMEs and ex-
amine the magnetic configuration of those source re-
gions. It is found that the April 15 and 17 halo CMEs
originated in a bipolar closed field regions with the
bipolar boundary layer being favourable for the oc-
curence of the southward IMF event, and the April 21
halo CME originated in an unipolar region with the
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unipolar boundary layer being not favourable for the
occurrence of the southward IMF event, though the
later has a very high propagation velocity. The storm
effectiveness of the three Earth-directed halo CMEs are
discussed.
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We have studied the annual frequency distribution
of the Forbush decreases (FDs) for three solar cycles
(20, 21, 22). Most of them are associated with the fast
ICMEs and the SSCs. The frequency varies in step with
the solar cycle but the distribution has a notable gap
embedded in it, near the maximum of cycle. We show
that the gap coincides with the epoch of the solar polar
field reversal. There is an indication of an even/odd cy-
cle effect in the frequency distribution of FDs and the
associated SSCs. Comparing the FD and SSC frequency
distributions with the similar distribution of solar wind
electric field, we find that the two peaks in FD and SSC
distributions are separated by the Gnevyshev gap. We
also show that a large value of the solar wind electric
field by itself does not cause a FD to occur unless ac-
companied by a fast ICME.
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A forecasting method is developed based on the re-
lationship between energetic ion enhancements and ge-
omagnetic storms. This relationship was investigated
in previous paper, Smith et al 2003 (hereafter referred
to as Paper 1). An excellent correlation was found be-
tween large geomagnetic storms (storms with Kp equal
to or greater than 7) and large energetic ion enhance-
ments (those with high maximum flux values). An
energetic Ion enhancement is hereafter referred to as
an EIE. However there were many more large EIEs
than large storms. Therefore other characteristics were
sought in Paper 1 to help discriminate the EIEs likely
to be followed by large storms. A forecasting method
is developed here using the characteristics found use-
ful in Paper 1. These are the nature of the IP driver
(whether transient or co-rotating high speed stream)
and whether the EIE was part of enhanced activity.
An additional parameter, the magnitude of the total
magnetic field is introduced here. The forecasting tech-
nique is developed using EIE events between February
1998 through December 2000 found primarily in ACE
data. The prediction results obtained by this tech-
nique are presented for various maximum flux thresh-
olds, together with the performance statistics. For a
flux threshold that was exceeded by 60 of the 115 events
found in this time interval, this technique would have
predicted 24 of the 30 large storms that occurred in
this time period. By including the other criteria, 83%
of those events would have been correctly identified.
The warning times obtained are also presented.

SM31B-1109 0830h POSTER

Forecasting Magnetospheric Dynamics
Using Solar Wind Measurements:
Role of Global and Multi-Scale
Processes

Aleksandr Y Ukhorskiy1 (2402280201;
aleksandr.ukhorskiy@jhuapl.edu)

Mikhail I Sitnov2 (sitnov@umd.edu)

Surjalal A Sharma2 (ssh@astro.umd.edu)

Dennis Papadopoulos2

1JHU APL, Applied Physics Laboratory 11100 Johns
Hopkins Road MS MP3-E116, Laurel, MD 20723,
United States

2University of Maryland, University of Maryland Col-
lege Park, MD, MD 20742, United States

Earth’s magnetosphere is a nonlinear spatially ex-
tended system which is driven far from the equilib-
rium by the turbulent solar wind. On the global scales
the magnetospheric dynamics appear to be well orga-
nized and coherent and therefore allow deterministic
considerations. However, on the smaller scales it ex-
hibits scale-invariant behavior which is retained over
a wide range of spatial and temporal scales. These
multi-scale features do not reveal low effective dimen-
sion and therefore can not be predicted dynamically.
At the same time, the input-output statistical analysis
shows that the scale-free properties of magnetospheric
dynamics are strongly affected by the solar wind and
therefore can be described in terms of conditional prob-
ability. This allows constructing a unified data-derived
model of solar wind - magnetosphere coupling which
combines the elements of nonlinear dynamical approach
with Bayesian consideration of statistical physics. It
yields deterministic predictions of the global compo-
nent of the dynamics and probabilistic predictions of
its multi-scale features.
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We have studied 11 magnetic storms (in 1997) that
were induced by the smoothly varying Bz component of
the interplanetary magnetic field typical of interplan-
etary magnetic clouds. It was found that there was a
lack of substorm expansion phases for long periods of
time (up to 7 hr) in 5 out of 11 storm main phases.
In this paper, a relatively weak magnetic storm event
(with minimum SYM-H at -47 nT) that occurred on
July 15, 1997 is studied using ground-based magne-
tograms, polar cap potentials from SuperDARN, and
LANL geosynchronous energetic particle data as well
as the Polar UV imaging (for aurorae) and Wind (for
the solar wind) data. It is shown that during the
storm main phase, there was a lack of substorm ex-
pansion phase activity (from imaging and the ground-
based data) and a lack of energetic particle injections
at the geostationary orbit. The corresponding ring cur-
rent intensification was weak. The most prominent au-
roral forms were north-south aligned auroral patches
and torches. Dawn and dusk aurorae were more in-
tense than the aurorae near midnight, where auroral
gaps were seen. In addition, this paper shows that
there was significant directly driven activity during the
storm main phase when the IMF was continually south-
ward. We argue that during this event the ring current
intensification was more strongly associated with en-
hanced magnetospheric convection than with substorm-
generated impulsive unloading of energy from the tail.
Three scenarios are suggested to explain the relatively
low-intensity of the magnetic storm induced by a mag-
netic cloud. They are: 1) weak nightside auroral zone
ionospheric ion outflows (due to lack of substorms), 2)
choked penetration of the tail plasma flow (due to lack
of substorms), 3) retarded magnetospheric convection
(due to reduced solar wind-magnetosphere reconnec-
tion). The observed saturation of the polar cap po-
tential drop is consistent with this last mechanism.
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We analyze observations on electromagnetic ion cy-
clotron waves (EICWs) in the plasma depletion layer
(PDL) made by Wind on 3 inbound passes of the mag-
netosheath near the stagnation streamline, and model
the observations using recent theory (Gnavi et al., 2000).
While one pass was under substantially high solar wind
dynamic pressure Pdyn (∼ 6.4 nPa), two passes were
under typical Pdyn at 1 AU (∼ 2.2 nPa) which al-
lows us to extend the study of EICWs into this lower
pressure regime. Two passes were under steady, and
one under time varying, conditions. We subdivide the
PDL into inner, middle and outer regions and compute
in each the power spectral density (PSD) of the mag-
netic fluctuations transverse to the background field,
using high resolution (∼ 11 samples/s) data from the
Magnetic Field Investigation (MFI). The theory solves
the kinetic dispersion relation in a plasma composed of
electrons, protons, and α particles, each species mod-
eled by biMaxwellian distribution functions. Param-
eters for calculating growth rates are taken from the
observations, where available, and from average values
quoted in the literature otherwise. Qualitative, and on
occasion even quantitative, agreement between theory
and data is very good. The observations show (i) at
the inner PDL position the spectral PSD weakens as
Pdyn decreases, and (ii) the frequency range of emis-
sion shifts downward with diminishing Pdyn . Com-
paring observations with the classification of spectral
types in the PDL under compressed conditions pro-
posed by Anderson et al. [1994], we find a preponder-
ance of so-called low and continuous spectra and only
marginally bifurcated spectra with activity peaks below
and above the alpha-resonance frequency. In general,
near the magnetopause our temperature anisotropies
Ap are at the lower end of values characterizing bifur-
cated spectra in AMPTE/CCE. Using bipolytropic laws
for the anisotropic magnetosheath, we argue that the
effect of a reduction of Pdyn is to lower Ap, thereby
weakening the driver of EICWs leading to marginally
bifurcated spectra and weaker EICW activity in the
PDL under typical conditions. This work is partially
supported by NASA grants NAG5-13116, NAG5-11803,
and and the Argentinean UBACYT grant X059.
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As a layer between the magnetosphere and the so-

lar wind, the plasma depletion layer (PDL) is contin-
uously affected by the ever changing solar wind condi-
tions, as well as the resulting oscillations of the magne-
topause to these variations. Some former studies have
shown strong dependence of the PDL on solar wind
conditions. Experimentally such a dependence study
is very difficult because of the scarcity of observations.
An alternate approach is to use models to investigate
and document the dependence of the PDL on solar
wind conditions. Such an approach would be similar
to the one taken several decades ago by Spreiter et al.
[1966] for the basic properties of the magnetosheath.
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We have previously shown [Wang et al., 2003] that the
UCLA/NOAA global model is very well capable of re-
producing the structure of the magnetosheath for two
case studies. This result now gives us the confidence
to attempt a study similar to Spreiter’s description of
the magnetosheath. With the introduction of MHD and
a self-consistent model significantly more free parame-
ters enter the problem compared to a study based on
a gasdynamic model. At a minimum, the IMF strength
and orientation need to be considered besides the gas-
dynamic parameters (mostly the solar wind Mach num-
ber). In this study, we first introduce the parame-
ters for the model runs for this PDL dependence study.
Then we will discuss some more detailed issues about
the definition of the PDL boundary. After that, we will
show the dependence of the PDL and the slow mode
front on the solar wind Mach number, the IMF clock
and tilt angles, and the Earth dipole tilt. Finally, we
will summarize the results from this study.
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We compare and contrast two mechanisms explain-
ing the source of enhanced Pc5 energy in the magne-
tosphere during the high speed stream beginning 30
March 2002. In the first mechanism fast solar wind
streams lead to an enhanced Kelvin-Helmholtz (K-
H) instability on the magnetopause flanks causing en-
hanced Pc5 power inside the magnetosphere. In the
second mechanism compressional fluctuations intinsic
to the solar wind drive Pc5 power in the magneto-
sphere, either directly at the same frequencies or indi-
rectly where the input frequencies are broadband and
cause random boundary motion that excites magneto-
spheric cavity eigenfrequencies. We use observations
from ACE and Wind to show the power intrinsic to the
solar wind. Geotail and Cluster, at the magnetopause,
together with MHD simulations highlight the K-H in-
stability. GOES data and ground-based data from the
SAMNET, IMAGE, or SAMNET arrays are used to
show the magnetospheric response. We compare the
wave frequencies in all regions focusing particularly on
the existence of cavity eigenfrequencies. Results from
these analyses will be presented.
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We report a new progress in the long-term effort to

represent the global interaction of the solar wind with
the Earth’s magnetosphere using a three-dimensional
electromagnetic particle code with the improved res-
olutions using the HPF Tristan code. After a quasi-
steady state is established with an unmagnetized so-
lar wind we gradually switch on a northward interplan-
etary magnetic field (IMF), which causes a magnetic
reconnection at the nightside cusps and the magneto-
sphere to be depolarized. In the case that the north-
ward IMF is switched gradually to dawnward, there is
no signature of reconnection in the near-Earth magne-
totail as in the case with the southward turning. On
the contrary analysis of magnetic fields in the magne-
topause confirms a signature of magnetic reconnection
at both the dawnside and duskside. And the plasma
sheet in the near-Earth magnetotail clearly thins as in
the case of southward turning. Arrival of dawnward
IMF to the magnetopause creates a reconnection groove

which cause particle entry into the deep region of the
magnetosphere via field lines that go near the mag-
netopause. This deep connection is more fully recog-
nized tailward of Earth. The flank weak-field fan joins
onto the plasma sheet and the current sheet to form a
geometrical feature called the cross-tail S that struc-
turally integrates the magnetopause and the tail inte-
rior. This structure contributes to direct plasma entry
between the magnetosheath to the inner magnetosphere
and plasma sheet, in which the entry process heats the
magnetosheath plasma to plasma sheet temperatures.
These phenomena have been found by Cluster observa-
tions. Further investigation with Cluster observations
will provide new insights for unsolved problems such
as hot flow anomalies (HFAs), substorms, and storm-
substorm relationship. 3-D movies with sash structure
will be presented at the meeting.

URL: http://gammaray.nsstc.nasa.gov/˜nishikawa
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Measurements of the Geomagnetic
Cutoff Rigidity-Dependence for Solar
Energetic Particle Events
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Kanekal2; B. Klecker3; M. Looper4; R.
Mewaldt1

1California Institute of Technology, MC 220-47,
Pasadena, CA 91125, United States

2University of Maryland, Department of Physics, Col-
lege Park, MD 20742, United States
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During large solar energetic particle (SEP) events,
charged particles can ionize the atmosphere and alter
atmospheric chemistry. Geomagnetic cutoff latitudes
bound the polar regions of the atmosphere exposed to
solar particles. The size of the exposed polar regions
may change significantly during SEP events, correlat-
ing well with geomagnetic activity. During SEP events,
the geomagnetic cutoff latitude can vary by more than
10 degrees. Using data from the MAST instrument on
SAMPEX, we have measured geomagnetic cutoffs for
17 large SEP events, including the 4/21/02 event. We
will combine these measurements with data from other
SAMPEX instruments to investigate how the size of the
polar regions depends on particle rigidity, how this de-
pendence may change with time during an event, and
how the measurements compare with models.
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Variable Contributions of Solar
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Heavy-Ions and Electrons to the
Ionization of the Upper Atmosphere
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During large Solar Energetic Particle (SEP) events
such as that on April 21, 2002, particles precipitat-
ing into the upper atmosphere can have significant ef-
fects on atmospheric chemistry. Using data from ACE
and SAMPEX the composition and energy spectra of
SEPs from H to Fe with energies from ∼0.1 to ∼100
MeV/nuc and electrons from ∼0.04 to 14 MeV were
measured during the April 2002 “Storms” period. Of
these species, protons made the largest contribution to
the ionization of the upper atmosphere at all energies,
as is commonly assumed. However, electrons of sim-
ilar penetrating power contributed ∼10% to ∼40% of
protons, depending on energy, and He and heavier ions
contributed ∼10% and ∼1-2% of protons, respectively.
We have surveyed the relative contributions of these
species in a number of other large events from 1997 to
2002 and find that the relative contributions of He and
heavier ions are sometimes several times greater than
in the 4/21/02 event, while electron contributions (rela-
tive to protons) can be up to ∼10 times greater. These
results suggest that models of SEP energy deposition
and associated chemical effects in the atmosphere may
need to include other SEP species besides protons.

SM31C MCC: Level 2 Wednesday
0830h

Solar Wind-Magnetosphere Coupling:
Comparative Magnetospheres II
Posters (joint with P, SH)

Presiding: J L Green, NASA Goddard
Space Flight Center; F J Crary,
Southwest Research Institute

SM31C-1117 0830h POSTER

The Effects of the IMF Bx Component
on the Earth’s Magnetosphere
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We have used a 3-dimensional global magnetohydro-
dynamic (MHD) simulation of the interaction between
the solar wind and the magnetosphere to study the
effects of the IMF Bx component on magnetospheric
structure and dynamics. In the upstream solar wind,
we assumed that the IMF field lines are in the plane
of the Parker spiral which is inclined by 45 degrees
to the y-z plane. We found that including an IMF
Bx component in the simulation creates transient phe-
nomenon with dawn-dusk and north-south asymmetry
in the earth’s magnetosphere and that the asymmetric
structure is maintained even when the magnetosphere
reaches a quasi-steady state. The asymmetries persist
when Bx is small. The asymmetric structure in the
magnetosheath and magnetosphere is enhanced when
the IMF is large and the Alfven Mach number becomes
small (<2). Since the IMF grows at the expense of the
flow across the bow shock the flow is easily influenced
by the IMF asymmetry in the magnetosheath. The ex-
istence of the IMF Bx component as well as the IMF
By and Bz components precludes any symmetry in the
magnetospheric structure. Thus an asymmetric con-
figuration appears in the magnetosphere and this ten-
dency is enhanced for strong IMF. For non-zero IMF
Bx magnetopause magnetic reconnection occurs differ-
ently on the dawn and dusk sides. IMF lines on the
dusk side are straighter than those on the dawn side.
This increases the magnetic pressure and pushes the
plasma sheet toward dawn. On the other hand, the
IMF lines on the dawn side are bent sharply. This de-
creases the magnetic pressure. This dawn-dusk asym-
metry in dayside reconnection and the related magne-
tospheric convection are the main reasons the plasma
sheet is inclined, and the magnetotail is rotated about
the sun-earth line. This also causes asymmetric plasma
flows.
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Modelling Mercury’s Magnetosphere
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There have been many attempts to model the mag-
netosphere of Mercury based on simply scaling mod-
els of the Earth’s magnetosphere. This approach has
had many successes, but it remains physically unsat-
isfactory, as it ignores the different boundary condi-
tions that apply at the two planets. The higher Solar
Wind dynamic pressure and smaller dipole moment at
Mercury make its magnetosphere very small and highly
dynamic; Solar Wind driven convection is the domi-
nant plasma transport process. The higher interplan-
etary magnetic field means that reconnection may be
able to proceed more efficiently, making the magneto-
sphere adopt a very open configuration. In the ab-
sence of trapped particles, no ring current forms at
Mercury. In addition, field aligned currents may be in-
significant due to the lack of a significant ionosphere.
We have analysed existing magnetospheric modelling
techniques, particularly those of Tsyganenko, and have
applied them directly to Mercury with these different
boundary conditions. The lack of data has made the
parameterisation of the model very difficult. However,
the advantage of the model is that it will be possible
to use new data as it becomes available from Messenger
and BepiColombo. In the meantime, we have explored
the possibility of using the results of MHD simulations
to constrain the various parameters of the model.


