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The cause of consecutive bursts of Pi2 pulsations
associated with substorm onsets was investigated with
magnetic, auroral and particle observations from space
to the ground during 0200-0600 UT on 4 September
1999. The onset time of ground Pi2s maps to the same
variation sequence in the IMF structure seen propagat-
ing to the Earth in multiple satellite observations in
the upstream region. During the time of interest, the
comparison of auroral and energetic particle data with
IMF observations shows that one pseudobreakup and
two successive substorm onsets appear in two distinct
cycles of southward IMF followed by a northward inter-
val. Especially the second onset occurs after the IMF
becomes strongly northward and the By magnitude de-
creases as well. Two successive substorm onsets can be
explained with the two-neutral-point model. The first
onset occurs when the IMF turns southward. Recon-
nection at the near-Earth neutral point first begins on
closed field lines within the plasma sheet, and the sec-
ond onset occurs when the IMF turns northward recon-
nection at the distant neutral point ceases and reaches
the open flux of the tail lobes. In addition, a decrease
in the By magnitude may help reduce the magnetotail
convection and release all the builtup flux to allow the
onset to commence. In contrast, an increasing By mag-
nitude would increase the magnetotail convection and
weaken the onset into a pseudobreakup.
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AMPTE/CCE observations showed that the sub-
storm onset in the near-Earth plasma sheet region (∼
8 − 10RE) is associated with a low frequency (in the
Pi 2 range) instability that is excited 1-2 minutes be-
fore substorm onset. Because the instability is excited
when βeq increases from 20 to above 50, it is identified
as a ballooning instability. To understand the balloon-
ing instability it is necessary to have a good knowledge
of the 3D structure of cross-tail current sheet in the
near-Earth plasma sheet region prior to substorm on-
set. We obtain 3D quasi-static equilibrium solutions of
the growth phase magnetosphere and find that a cur-
rent sheet with an enhanced cross-tail current density
is formed with thickness of ∼ 1RE around the local
midnight with an azimuthal domain of ∼ 60 − 70◦ at
X ∼ 7−10RE . In the current sheet the plasma beta is
larger than 50 and the magnetic field curvature is en-
hanced. The associated ionospheric Birkeland current
moves equatorward with an enhanced current density,
and its latitudinal width shrinks. These features are
consistent with the observed ionospheric growth phase
signatures that the polar cap region expands equator-
ward, both the electron and proton aurora emissions
move equatorward and brighten, and the auroral oval
shrinks in width. The MHD ballooning instability is
found to be unstable for the entire plasma sheet where
the equatorial βeq ≥ 1, and the most unstable mode
is located in the tailward side of the strong cross-tail
current sheet region, which maps to the observed ini-
tial brightening location of the breakup arc in the iono-
sphere. However, the MHD βeq threshold is too low in
comparison with the AMPTE/CCE observations, which
show that prior to substorm onset a low frequency in-
stability is excited only when βeq > 50. The difficulty
can be mitigated by including kinetic effects, which
greatly increase the stabilizing effects of field line ten-
sion and can enhance the βeq threshold to limit the
unstable region to the cross-tail current sheet region.
The resultant kinetic ballooning instability has a real
frequency in the Pi2 frequency range and can be re-
sponsible for substorm onset.
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Ballooning instabilities are widely believed to pro-
vide a possible mechanism for substorm onset. We
present recent theoretical and simulation results on
the ballooning instability of the two-dimensional (2D)
near-earth magnetotail, and compare the predictions of
theory with observations from Wind. The magneto-
tail is modeled by the analytic 2D static equilibrium
developed by Voigt. It is shown by initial-value sim-
ulations that the magnetotail is unstable to balloon-
ing modes with large but finite-ky , not for very low or
for very high values of plasma beta, but in a regime
of intermediate beta (of the order 1-10). The stabil-
ity at very high values of beta is due to the plasma
compression involved in the ballooning displacement
of flux tubes. The growth rate of the finite-ky bal-
looning instability is found to increase with the wave
number ky , approaching a saturated value in the very
large ky limit. In the presence of Hall MHD or two-
fluid effects. the ballooning modes propagate with a
diamgnetic frequency that can be detected as a west-
ward surge by in situ satellites at near-Earth distances.
We compare the predictions of theory with three sub-
storm events observed by the Wind satellite. By ana-
lyzing the time delay between earthward and tailward
flux enhancements of energetic ions, the propagation
velocity of the westward surge is estimated to be sev-
eral kilometers/second, consistent with the predictions
of drift-ballooning theory. A large anisotropy between
the duskward and dawnward fluxes of energetic ions is
observed to persist until local onset. The anisotropy
is seen to be reduced significantly after onset, suggest-
ing a reduction of the density (and hence, the pressure)
gradient that is known to drive ballooning modes. The
reduction process is impulsive and bursty, suggesting
that the underlying dynamics is nonlinear, which is also
consistent with a wavelet analysis of the magnetic fluc-
tuations.
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In the summer of 2002, the orbital planes of CLUS-
TER (apogee at ∼20 Re) and POLAR (apogee at ∼9
Re) were closely aligned in MLT with both missions
having apogee in the tail. This provided a unique
opportunity to study the relation between the inner
magnetotail at near-Earth distances (POLAR) and the
mid-tail region (CLUSTER) during substorm onsets. A
considerable number of events have been identified for
which CLUSTER observations suggest that an X-line
was formed in the mid-tail region while high speed flows
were observed at POLAR altitude. In particular, for
this study we will focus in the August 21st, 2001 sub-
storm event. The near-earth energetic particles (from
POLAR/CEPPAD) will be analyzed for signatures of
westward drift-Alfven wave propagation, a signature of
the kinetic ballooning instability. Predictions of sub-
storm theories that involve reconnection and the bal-
looning instability will be tested.
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Using the CLUSTER ion composition data from the
CIS instrument and CLUSTER magnetometer data we
have analyzed the substorm development of all sub-
storms which occurred during the 2001 and 2002 CLUS-
TER tail passes in order to determine how the con-
centration of O+ effects substorm growth phase and
onset. Parameters analyzed include the length of the
growth phase, the pressure increase during the growth
phase, the pressure decrease at onset, and the plas-
masheet thickness before and after onset. Substorm
onsets were identified using observations from the IM-
AGE FUV instrument combined with geosynchronous
injection signatures from the LANL satellites. The sub-
storms have been divided into stormtime substorms and
non-stormtime substorms. The clear difference between
the stormtime and the non-stormtime cases is that the
stormtime events contain a much higher concentration
of O+, with O+ sometimes being the dominant species.
Initial results show that the pressure increase during
stormtime substorms is larger than for non-stormtime
substorms, which indicates that the plasma sheet is
more stable when heavy ions are present.
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Saturn’s magnetosphere is often referred to as ”in-
termediate between the cases of the Earth and Jupiter”.
Due to very limited measurements of Saturn’s magneto-
sphere and auroral activity, however, it has never been
clear in detail what this statement means. A recent
campaign of HST STIS UV imaging of Saturn’s aurora
has been carried out over 8-30 Jan. 2004 concurrent
with measurements of the approaching solar wind by
Cassini. This imaging set is much more comprehensive
than any earlier observations of Saturn’s aurora, ob-
tained at a time when Saturn’s southern auroral oval
is completely visible due to the large apparent tilt of
Saturn. The data provide the opportunity to deter-
mine the mean distribution of the auroral emissions,
the degree of corotation of any bright regions, any vari-
ations with local time of the emissions, the latitudinal
motions of the main oval with time and location, and
other parameters. In addition, each of these can be
compared with the approaching solar wind conditions
and Saturn’s kilometric radiation (SKR) intensity from
Cassini measurements. Quick looks at the data from
HST and Cassini demonstrate that the measurements
have been made successfully, and the coverage includes
dramatic variations in Saturn’s auroral activity as well
as at least two solar wind shocks passing Cassini. This
presentation will concentrate on the measured proper-
ties of Saturn’s aurora in the context of comparisons
with the magnetospheres of the Earth and Jupiter.
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For a full solar rotation in January and early Febru-

ary, 2004, the Cassini spacecraft and Hubble and Chan-
dra Space Telescopes were used to make simultaneous
observations of the solar wind and Saturn’s aurora.
We report here on initial results from data taken with
the Cassini Plasma Spectrometer’s electron and high-
resolution ion sensors in the solar wind upstream of
Saturn. These measurements, combined with those of
other particles and fields instruments on Cassini show
two shock and corotating interaction regions, which
reached Saturn approximately twelve hours later. An
auroral response to each of these events was observed
by the Hubble Space Telescope.
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The Center for Integrated Space Weather Model-

ing (CISM) has developed the Coupled Magnetosphere
Ionosphere Thermosphere Model by coupling the Lyon
Fedder Mobbary global magnetohydrodynamic simula-
tion of the solar wind - magnetosphere system to the
Thermosphere Ionosphere Nested Grid (TING) model.
The magnetospheric driving during an intense geomag-
netic storm can result in significant amount of Joule
heating in the ionosphere which in turn effects of mo-
tion of the neutral gases in the thermosphere. We use
the CMIT model to study the spatial distribution of the
Joule heating and energetic particle precipitation as a
function of solar wind conditions, season, and solar cy-
cle. In addition, we illustrate the impact of neutral
wind driven current systems on the magnetosphere by
comparing events with and without this coupling.
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We review the main characteristics of the auroral ul-

traviolet emissions at Earth, Jupiter and Saturn. Based
on auroral morphology considerations, we discuss and
compare the different solar wind - magnetosphere -
ionosphere coupling processes giving rise to these emis-
sions. Earth’s magnetosphere is usually described as
’open’, meaning that its field reconnects with the inter-
planetary magnetic field (IMF) frozen in the solar wind.
This reconnection process allows solar-wind plasma and
energy to be transferred to the magnetosphere and to
provide the main driving force for the auroral emis-
sions. Different cases of solar-wind plasma conditions
have been recognized to give rise to different types of
auroral features. Jupiter is opposed to Earth, with a
’closed’ magnetosphere. Its larger distance to the Sun
and its enormous magnetic field make it difficult for
the reconnection process with the IMF to occur effi-
ciently. Io’s volcanism is considered to be the prime
(internal) plasma source for the magnetosphere, and
corotation enforcement of this outward moving plasma
is the likely process generating field aligned currents,
responsible for the main auroral emissions. Saturn’s
aurora has not been as extensively studied as Earth’s
and Jupiter’s. Owing to fainter magnetic field and
internal plasma source than Jupiter, it has been ex-
pected to be intermediate between the cases of Earth
and Jupiter. Recent detailed analysis of the Terres-
trial, Jovian and Saturnian auroral morphology and
dynamics suggests that the simple open/closed/open-
closed magnetosphere picture is somewhat oversimpli-
fied. They show a much more complex situation with,
for example, auroral activity without solar-wind recon-
nection at Earth, Earth-like reconnection signatures at
Jupiter, or extreme auroral variability at Saturn.

URL: http://lpap.astro.ulg.ac.be/jupiter
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During the period 8 to 30 January 2004, a campaign
to study the correlation between the solar wind and
the response of Saturn’s aurora was carried out using
Cassini and the Hubble Space Telescope. In particular,
fields and particles instruments on Cassini were used
to monitor the solar wind near Saturn and Saturn kilo-
metric radio emissions nearly continuously. STIS im-
ages from Hubble were obtained approximately every
other day to record Saturn’s UV auroral morphology
and intensity. In this paper we focus particularly on
the relationship between the Saturn kilometric emis-
sions and the auroral brightness and morphology. The
radio emissions are generally believed to be generated
by the cyclotron maser instability on auroral field lines
similar to the situation for auroral kilometric radiation
at Earth. A number of studies have shown a direct
relationship between the radio emissions and discrete
auroral arcs at Earth. Hence, one expects a relation-
ship between the radio emissions and the aurora at Sat-
urn. During the campaign, two corotating interaction
regions (CIRs) swept past Cassini and Saturn (which
were of order 0.5 AU apart at the time). Accompa-
nying the CIRs were high solar wind densities. As ex-
pected from Voyager studies, the higher solar wind den-
sity resulted in generally more intense radio emissions.
The UV images show that Saturn’s UV aurora brighten
considerably in response to the CIRs, as well. Further-
more, the brightest aurora usually appear in the local
morning, consistent with the Voyager-determined SKR
source region on field lines connecting to the magne-
topause and the Kelvin-Helmholtz hypothesis for the
origin of accelerated electrons. A more detailed exami-
nation of the auroral phenomena show much more com-
plex variations, however. The radio emission frequency
extent and peak frequency vary remarkably from one
Saturn rotation to the next. Similarly, the auroral
morphology changes dramatically. For example, it ap-
pears the evolution of the auroral oval to higher lat-
itudes (higher L-shells) is correlated with a shift in
the frequency of peak radio emissions to lower frequen-
cies. This can be explained through an analysis of the
cyclotron maser beaming geometry. We examine this
and other aspects of the correlations between the radio
emissions and the aurora.


