electric field (shielding latitude #). The local-time de-
pendent proton differential fluxes assigned to the model
boundary are a mixture of hot plasma from the man-
tle and cooler plasma from the low latitude boundary
layer. We previously used this model to simulate the
inner plasma sheet under weak convection correspond-
ing to A® and 6 equal to 26 kV and 66°, and obtained
two-dimensional quiet time equilibrium that agrees well
with observations. In the current simulation, we start
with the quiet time equilibrium and boundary parti-
cle sources and enhance convection by increasing A®
steadily from 26 to 146 kV and lowering 6 from 66°
to 52° in 5 hours while keeping the boundary sources
time independent. The inner edge of the plasma sheet
at midnight, mapped to the equatorial plane using the
self-consistent magnetic field, moves from 10 Rp for
AP = 26 kV to 4 Rp for 146 kV. This earthward
penetration to regions of dipole field results in strong
plasma pressure increase, which significantly stretches
the original dipole field lines. Proton pressure at r =
6.6 Rp increases from 1 to 6 nPa as A® increases
from 26 to 146 kV, while the magnetic field strength
decreases from 80 to 10 nT. The simulated pressure
and magnetic field strength, their radial variations at
midnight, and their changes with convection strength
in the inner plasma sheet in general agree with obser-
vations. Protons undergo enhanced earthward electric
drift but are significantly diverted toward dusk by az-
imuthal magnetic drift around midnight. The enhanced
magnetic drift, responding to enhanced particle energy,
changes particles’ trajectories and magnetic field con-
figuration in a way that restrains particle energization,
thus plays an important role in plasma sheet dynamics.
Simulations are also run to a steady state under con-
stant A® = 98 kV and 6 = 57.6°, which indicates the
inner plasma sheet can remain steady under moderate
and constant convection. A scale analysis of our results
suggests that using the frozen-in condition B = -vxB
in MHD can lead to an inconsistency with Faraday’s
law in the inner plasma sheet because of neglect of the
Hall term in the generalized term.
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The solar wind flow ultimately provides energy to
the magnetosphere through a variety of different pro-
One of these energy transfer paths is via the
excitation of magnetospheric ULF waves. Recent stud-
ies (Kepko et al., 2002; Kepko and Spence, 2003)
have identified a subset of global ULF waves (multiple,
discrete-frequency <3 mHz), driven directly by density
structures in the solar wind. In this paper, we examine
this mechanism through model-data comparison. We
use the Lyon-Fedder-Mobarry MHD model to simulate
the global magnetospheric response under a variety of
solar wind ram pressure drivers (both idealized and as
observed) and compare these results with observations
to explore and quantify such characteristics as coupling
efficiency and frequency response.

cesses.
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Collisionless quasi-parallel shocks are thought to
be composed of a patchwork of short, large-amplitude
magnetic structures (SLAMS) which act to thermalise
the plasma, giving rise to a spatially extended and time
varying shock transition. With the launch of Clus-
ter, new observations of the three-dimensional shape
and size of shock structures are available. We present
SLAMS observations made when the spacecraft were
separated by about 100 km. The SLAMS enhancement
in | B| is typically well correlated between spacecraft on
this scale, consistent with previous observations show-
ing that the overall SLAMS extent exceeded about 600
km, but small differences are still observed. The sta-
tistical characteristics of these differences contain in-
formation on the typical gradients of magnetic field
changes within the SLAM structure which, in the cases
studied here, occur on scales of 100-150 km.
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The terrestrial bowshock is an example of a moder-
ate Mach number collisionless shock which can be stud-
ied in detail. Despite decades of study of the quasi-
perpendicular shock, several questions remain, such as
the scales of various parts of the shock transition and in
particular the time and length scales of its variability.
Recent measurements using the four Cluster spacecraft
make it possible to measure the orientation and motion
of the quasi-perpendicular bowshock surface and also,
by comparing profiles measured by different spacecraft,
its variability. We present estimates of the variation
with Mach number of the ramp, overshoot and under-
shoot scales and compare these with earlier work. We
also discuss the variability of shock structures, such as
the peak magnetic field and the ramp itself, and demon-
strate that the shock ramp varies on scales of a few sec-
onds, but appears to be stable over scales of hundreds
of km.
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Previous studies have shown that solar wind ions
are accelerated up to ~150 keV /e at the quasi-parallel
bow shock via the first order Fermi mechanism. It has
been suggested that shock accelerated ions can directly
enter the cusp when cusp and quasi-parallel shock are
magnetically connected through the merging of IMF
and geomagnetic field lines. Results from global hy-
brid simulations for a northward and antisunward IMF
are consistent with the ion acceleration and transport
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processes. We present simultaneous observations of en-
ergetic ions from Interball and Polar in the foreshock
and cusp region, respectively. Ion fluxes at the quasi-
parallel bow shock agree with those in the cusp. Fur-
thermore, energetic ions at both places demonstrate
similar spectral characteristics. These results are con-
sistent with the shock acceleration and ion transport
processes.
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The four Cluster spacecraft made observations near
the dusk flank boundary layer during a north-to-south
passage at a location near X=-5 Re on November 20-
21, 2001. The IMF remained quite steady and north-
ward while a decreasing solar wind kinetic pressure
moved the boundary outward and kept it near Clus-
ter for almost 20 hours. Magnetic field and plasma
measurements revealed repeated traversals between a
higher-density tailward-flowing magnetosheath plasma
with cool isotropic 30 eV electrons and a lower
density, lower-tailward-velocity boundary layer plasma
with anisotropic field aligned electrons nearer 80 eV.
Transitions from the boundary layer to the magne-
tosheath were characterized by rotations to a more
northward external magnetic field. These outbound
crossings were invariably better defined than those in
the opposite direction. For these outbound crossings,
boundary normals were determined from a minimum
variance analysis on the magnetic field; these normals
generally agreed within 5 degrees at the 4 spacecraft
and showed tilting of the normal toward the sunward
direction as is typical for waves on the boundary. In-
dividual transitions were seen successively at the four
spacecraft with 5-20 s delays at spacecraft separation
distances up to 2000 km. The transitions back to the
boundary layer occurred gradually over a period of sev-
eral minutes until the next abrupt entry to the magne-
tosheath. This recurrence periodicity of a few minutes
is that often seen for Kelvin-Helmholtz waves in this
boundary region. Determinations of Kelvin-Helmholtz
instability criteria will be compared with these obser-
vations.
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The distribution of plasma waves encountered dur-
ing one complete traversal of the magnetosheath from
the bow shock to the magnetopause is studied using
data from the four Cluster satellites . It is shown
that in the region adjacent to the magnetopause mir-
ror waves dominate plasma turbulence. As the Clus-
ter spacecraft move away from the magnetopause other
plasma modes replace the mirror waves.
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Statistical analysis of HF electric field observed by
WBD instrument on CLUSTER in the electron fore-
shock region show that the distribution of wave am-
plitudes depends on the scale of their modulation. In
many cases the HF spectrum has two distinct narrow
peaks near the plasma frequency. In some of those
cases, when the difference of frequencies can be re-
solved by the instrument and is above the lower limit of
frequency response, a wave with frequency correspond-
ing to this difference is also observed. These observa-
tions indicate the presence of decay instability. The
energy distribution has log-normal form for small am-
plitudes and manifests strong deviations from gaussian
form for amplitudes larger than 1 mV/m. This suggests
that the properties of small and large amplitude waves
are determined by different physical processes. Conven-
tional theory of parametric instabilities in a homoge-
neous medium gives results independent on scale, that
disagrees with these experimental results. We propose
a theoretical model based on the hypothesis that the
wave activity for relatively intense electric fields is con-
centrated in filaments directed along the magnetic field
lines. In this case the absolute parametric instability
can develop. This results in the formation of profiles of
the electric field of secondary Langmuir wave and den-
sity perturbations associated with ion-sound waves that
correspond to eigenmodes generated by this instability.
The threshold is shown to be inversely proportional to
the characteristic modulation scale. This is due to the
effect of the leakage of the energy of secondary waves
through the filament boundaries. Taking into account
this additional damping we evaluated the dependencies
of wave amplitudes on characteristic scale of the mod-
ulation in a stationary state. The analytical results
are shown to be in a good agreement with statistical
analysis of intense Langmuir waves observed by WBD
instrument in the electron foreshock region.
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Between February 2001 and May 2002, more than
200 hours of data were recorded by the Cluster Wide-
band Data (WBD) Plasma Wave Receiver in the vicin-
ity of Barth’s foreshock. We will discuss the statis-
tics of the amplitudes of Langmuir waves observed by
the Cluster WBD Plasma Wave Receiver in the fore-
shock region. The largest amplitude Langmuir waves
were observed by Cluster near the boundary between
the foreshock and solar wind in a region approximately
1 Rp wide, in agreement with earlier studies. The elec-
tric field amplitude probability distributions often fol-
low a combination of the log-normal statistics predicted
by stochastic growth theory and power law statistics
when sorted by the distance from the foreshock bound-
ary. Deviations from stochastic growth theory occur for
large amplitude waves near the edge of the foreshock,
where the probability distributions resemble a power
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law. Corrections to the probability distributions for
non-optimal auto-ranging due to rapid waveform am-
plitude variations will be discussed.
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The interaction between the Earth and the Sun is
complex and presents multi-faceted effects that vary
from event to event. Observations from more than 20
satellites and a large number of ground-based sites dur-
ing the April 14-24, 2002 series of solar storms allowed
us to trace, in detail, the chain of events from the Sun
to the Earth. These events were organized into four ma-
jor sun-Earth chains that each span space physics dis-
ciplines and grouped under: solar particles, magneto-
spheric drivers, solar radiance, and energy balance. In
a major and still ongoing community campaign, these
linked chains of events were followed from their ori-
gins on the Sun as active regions, flares and coronal
mass ejections, through the interplanetary medium un-
til they impinged upon the magnetosphere and inter-
acted with Earth’s upper atmosphere. Such chains of
events provide scientists not only with a wealth of sci-
entific data to investigate the complicated couplings
and feedbacks which abound in the Sun-Earth system,
but also with a way to excite students and the gen-
eral public. In this presentation we will summarize the
progress that has been made in the understanding of
these four chains, and describe how these data and re-
sults can be used for public outreach through a variety
of programs implemented within the USA.
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A summary of the solar events such as coronal mass
ejections (CMEs) and flares associated with the April
2002 storms will be provided. In particular events from
the primary active region, AR9906 and the underlying
magnetic configuration will be discussed. The connec-
tion of these CMEs to the interplanetary shocks and
the solar energetic particles events will be explored.
Based on the arrival times of the interplanetary CMEs
and shocks, the evolution of these disturbances as they
propagated between the Sun and Earth will be de-
scribed. Finally, a comparison of the April 2002 events
with other geoeffective events will be made.
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Large increases (DB) in the interplanetary magnetic
field associated with coronal mass ejections (CMEs)
play a major role in controlling the intensity histories
of solar energetic particles (SEPs) at 1 AU. While a
large increase (DB) is en route to Earth, it can at-
tenuate the intensity of the higher energy SEPs that
are injected after the CME is launched, while possi-
bly shock-accelerating the lower energy SEPs at the
same time. When no significant increase (DB) is be-
tween the Sun and the Earth and we are magnetically
well connected to the SEP injection site, we observe a
beam-like impulsive event whose back-scatter depends
upon the structure of the interplanetary field beyond 1
AU. When a large increase (DB) is beyond the Earth at
the time of an SEP injection, it can enhance the SEP
intensity by forming a reflecting barrier that impedes
the escape of the SEPs into the outer heliosphere. The
Storms 2002 period (14-24 April) provides examples of
all three configurations because of the interleaved se-
quences of CME launches and SEP events. The differ-
ent configurations are readily identifiable by their dis-
tinctive signatures in the ACE/EPAM electron and ion
intensity /anisotropy histories in the half-dozen individ-
ual SEP events during the period. The implication for
the Solar Particle Chain is that the fluence at Earth
from SEP events will vary widely depending upon the
configuration of the large increases (DBs) in the inter-
planetary field (inside and/or outside 1AU) produced
by the transits of CMEs.
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During intervals of prolonged moderate but steady
southward IMF Bz, the magnetosphere frequently en-
ters a state in which quasi-periodic, large-amplitude,
global oscillations are observed in the geosynchronous
energetic particle fluxes. These oscillations have been
termed “sawtooth events” because their shape — a series
of slow flux decreases followed by rapid increases — re-
semble the teeth of a saw blade. Recent studies of saw-
tooth events have shown that each of the flux increases
are associated with characteristic substorm onset sig-
natures including field dipolarization, injection of en-
ergetic particles, ground magnetic perturbations, and
embedded auroral onsets. Thus, it has been shown that
sawtooth events are actually a sequence of recurrent
quasi-periodic substorms. In addition, the level of so-
lar wind driving necessary to induce sawtooth behavior
appears to be transitional between driving levels that
give rise to SMC (steady magnetospheric convection)
and full-blown storm type behavior. Sawtooth events
can therefore be viewed as a magnetospheric mode sim-
ilar to SMCs except that for sawtooth events, the flow
of energy from the solar wind into the magnetosphere
becomes too large to dissipate without the (literally)
periodic occurrence of substorms. I.e., the magneto-
sphere is continuously “driven” toward substorm-like
reconfigurations in order to “reset” itself at periodic
intervals. In this presentation we examine the possibil-
ity that during such long-lived, predominantly driven
events, the energy input to the ionosphere/atmosphere
system is greatly enhanced by the continuously driven
auroral disturbances that occur.
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