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‘We have studied the tail lobe field response to the
interplanetary shocks observed in the upstream solar
wind by the ACE, WIND and GEOTAIL spacecraft.
Cluster plasma and magnetic field data were analyzed
for the interval July-November periods of 2001 and
2002. In total, we identified 10 events where an inter-
planetary shock was seen in the solar wind and Cluster,
located at X < ~10 R in the tail lobe, observed a sud-
den (time scales of few minutes) increase in the tail lobe
magnetic field. Examples of these lobe field sudden im-
pulse (SI) events in the Cluster tail measurements will
be presented. Specifically, we have performed timing
analysis using the SI perturbation in the tail lobes and
interplanetary shocks. Our results indicate that the SIs
observed by Cluster are indeed consistent with a rapid
response of the tail magnetic field, on the time scale
of an Alfven bounce time, to high solar wind pressure
found behind interplanetary shocks.
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The response of the Barth’s magnetotail to long
(longer than 8 hours) intervals of southward interplan-
etary magnetic field (IMF) has been examined. Geo-
tail magnetic field and plasma observations together
with ACE upstream observations were analyzed dur-
ing years from 1999 to 2002. Magnetotail was observed
to respond to prolonged southward IMF Bz intervals in
three ways: (1) by loading the magnetic flux to the tail
lobes, (2) by unloading the flux, or (3) by continuously
dissipating the flux through the tail lobes. The last
convection mode is termed here as continuous magneto-
spheric dissipation (CMD). Intervals of continuous dis-
sipation are candidate of steady magnetospheric con-
vection (SMC). Examples of each three basic responses
have been found and will be described in detail. In
particular, we will present statistical analyses of the
frequency of the occurrence of each type of tail convec-
tion, show examples of several type of mode transitions,
and determine their relationship to the upstream solar
wind and IMF conditions.
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Although it is well known that the plasma sheet
is very dynamic during magnetically active times, it
is not devoid of changes during periods of northward
IMF. The plasma sheet density (n), temperature (T),
and pressure (p) continue to exhibit changes for sev-
eral hours after IMF northward turning, before eventu-
ally reaching cold-dense quasi-steady state. We have
recently developed a technique that integrates low-
altitude ionospheric observations to create 2-D/3-D
global images of the plasma sheet ion p, T, and n.
This method relies on the plasma sheet plasma isotropy,
which has a strong theoretical foundation as well as
overwhelming observational support. Plasma sheet n
and T obtained from applying this method to DMSP
data along with in situ observations are used to study
the formation of cold-dense ion and its evolutions dur-
ing periods of northward IMF. The 2-D plasma sheet
n and T profiles exhibit dawn-dusk asymmetry of the
cold-dense ion distribution, which is consistent with (1)
the mixing of the magnetosheath and plasma sheet ions
and (2) ion transport dominated by gradient and cur-
vature and ExB drifts.
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During two extended intervals of strongly northward
interplanetary magnetic field (IMF) on October 22-24,
2003 (event 1) and on October 24-25, 2003 (event 2)
the Cluster spacecraft detected the continuous pres-
ence of cold and dense plasma sheet over a period of
30 and 11 hours, respectively. During event 1 the Clus-
ter spacecraft traversed both hemispheres in the tail
and detected cold dense plasma sheet at all latitudes
all the way down to the neutral sheet, in contrast to
previous findings indicating that the cold dense plasma
sheet is confined to high latitudes only. As for event 2
both Geotail and Cluster were located in the dusk side
plasma sheet about 5 R apart, simultaneously observ-
ing the extended presence of cold and dense plasma
sheet. Both spacecraft observed the transition from
cold and dense to hot and teneous plasma sheet in as-
sociation with a southward turning of the IMF. Low-
altitude DMSP satellite observations mapped to the
equatorial plasma sheet reveal that the entire plasma
sheet became cold and dense during both events. The
observations are compared with global MHD simula-
tions to examine possible cusp or flank entry of mag-
netosheath plasma.
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Cluster RAPID observations of the electron high en-
ergy tail (40-200keV) near 18 Re have revealed a highly
dynamic and structured high energy electron plas-
masheet. Detailed observations of the 3-D distribution
show a rich variety of trapped, field aligned or beam-
ing distributions, including some highly non-gyrotropic
distributions. The origin of these particles is of cen-
tral importance both as a possible source population
for higher energy electrons in the inner magnetosphere,
and as a possible “smoking gun” for reconnection-
related acceleration processes. Understanding the na-
ture of the energetic electron plasmasheet is very de-
pendent on the observation locality with respect to the
central plasmasheet (CPS). As energetic electrons are
high-speed tracers of the magnetic field topology, be-
ing just above or below the CPS can map the observed
particles a unknown distance down tail and may thus
not be representative of the local CPS. Using single
spacecraft measurement of Bx reversals has tradition-
ally been used as an indicator of the CPS - but RAPID
data has shown that the observations of energetic elec-
trons has no 1-tol relation to such reversals. This study
focuses on 4-spacecraft determination of the magnetic
field line curvature and defines the center of the en-
ergetic plasmasheet to be the region of minimum field
line curvature. We will attempt to order the energetic
electron observations with respect to this CPS defini-
tion in order to sort the data into trapped, streaming
or locally accelerated categories.
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Global sawtooth oscillations of the Earth’s magne-
tosphere are characterized by a periodic stretching and
collapse of the magnetic-field orientation at all local
times at geosynchronous orbit. Statistically, the so-
lar wind that drives global sawtooth oscillations has
low density, high magnetic-field strength, normal to
high speed, southward IMF, and low-levels of upstream
MHD turbulence. This ”sawtooth solar wind” is a
low-Mach-number wind that produces a magnetosheath
with extremely low beta values. Through the Commu-
nity Coordinated Modeling Center (CCMC), the BAT-
SRUS 3D MHD code is used to run simulations of
the solar wind driving the magnetosphere. A fiducial
”sawtooth-solar-wind” run utilizes solar-wind condi-
tions that should produce sawtooth oscillations; other
runs deviate from these conditions by varying one pa-
rameter at a time. The variations include (a) solar-
wind density, (b) solar-wind magnetic-field strength,
(c) solar-wind speed, (d) the orientation of the IMF,
(e) the steadiness of the IMF, (f) ionospheric conduc-
tivity, and (g) dipole tilt. For ”sawtooth solar wind”,
the simulations reveal the following. (1) The low-
beta magnetosheath is asymmetric about the Earth,
with the orientation of the IMF affecting the shape
of the bow shock and the flow pattern of the mag-
netosheath. (2) The magnetotail is short and un-
flared. (3) A sunward flow of plasma in the magne-
totail bifurcates around the Earth to produce a flat-
tened sunward-flowing plasma sheet in the once-dipolar
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magnetosphere. In this plasma sheet the magnetic-field
strength is weakened and the magnetospheric field lines
are distorted into a ”stretched” configuration that ex-
tends from the nightside well sunward of the dawn and
dusk terminators. (4) An equatorial current system as-
sociated with this stretching forms a horseshoe around
the nightside of the dipole. (5) The field lines poleward
of the flattened plasma sheet are open to the magne-
tosheath; dipole tilt and the twisting of this plasma
sheet by the IMF can bring lobe field lines to the equa-
tor in the middle magnetosphere. (6) If the IMF is
not steadily southward, the field lines in the dipole
are not stretched. (7) If the strength of the solar-wind
magnetic field is not high, the field lines in the dipole
are not stretched. (8) If the solar-wind density is too
high, the field lines in the dipole are not stretched. (9)
Dipole tilt does not prevent the stretching of field lines
in the dipole. None of the simulations make known saw-
tooth oscillations in the magnetosphere. Reasons are
suggested as to why the magnetosphere does not un-
dergo sawtooth oscillations in the MHD simulations.
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Plasma pressure gradients in the plasmasheet and
ring current are in force balance with electrical cur-
rents. Energetic Neutral Atom (ENA) images obtained
by the HENA imager on board IMAGE can be inverted
to retrieve the proton pressure, and to some extent
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the Ot pressure, in the ring current region. Assum-
ing a magnetic field model and isotropic pitch-angle
distributions (PADs), or assimilating PADs from in-
situ measurements, the electrical currents can be com-
puted by using the force balance equation J x B = VP,
where the inertial term has been neglected for the in-
ner magnetosphere. We present results from several ge-
omagnetic storms and compare the ionospheric end of
the currents with the field-aligned current (FAC) pat-
terns obtained from Iridium magnetometer data. At
present the HENA-derived currents are about a factor
of 5 below the current densities derived from Iridium,
and the Iridium FAC pattern is often at lower latitudes
than that derived from HENA. While a slight underes-
timation of the intensities are expected due to HENA’s
energy and mass range, we investigate some possible
reasons for these discrepancies: (1) HENA only ob-
tains a part of the total pressure; (2) The choice of
magnetic field model; (3) The choice of constraints in
the inversion algorithm; (4) Unwanted effects at the
edges of the field-of-view of HENA. We also compare
the results to runs of the Comprehensive Ring Current
Model (CRCM) in order to investigate how the most in-
tense ionospheric FACs relate to the morphology of the
plasma pressure in the plasma sheet and ring current.
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Using the Comprehensive Ring Current Model
(CRCM), which self-consistently solves the kinetic
equation of ring current protons and the closure of the
electric current between the magnetosphere and iono-
sphere, we have studied how ionospheric conductiv-
ity controls injection of the storm-time ring current.
By changing ionospheric conductivity artificially, we
found the corresponding effects of the ionospheric con-
ductivity on the ring current. The conductivity for
F10.7=250 (solar maximum condition) produces about
29% stronger ring current than for F10.7=70 (solar
minimum condition), and the conductivity at equinox
produces about 5% stronger ring current than at sol-
stice. That is because the two-hemisphere conductivi-
ties at equinox are higher than at solstice. This would
be a new mechanism for probably explaining the semi-
annual variation of Dst. Simulation with a realistic
auroral conductivity estimated from the IMAGE/FUV
auroral imager data reveals the fact that the auroral
brightening does not significantly change the intensity
of the ring current. The overshielding condition is
found to be produced when the auroral conductivity
decreases abruptly near the Dst minimum, triggering
a rapid decay of the ring current. The ring current is
shown to be influenced by not only IMF and the solar
wind, but by solar radiation and morphological feature
of the auroral electron precipitation as well.
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The first unambiguous observations of drainage

plumes by IMAGE EUV have verified the qualitative
predictions of early convection-based MHD models,
but quantitative agreement demands treatment of the
physical processes that couple the plasmasphere, ring-
current/plasmasheet, and ionosphere. The sub-auroral
polarization stream (SAPS), a ring-current/ionospheric
feedback process, forms a narrow flow channel that fo-
cuses the effects of convection in the premidnight and
dusk MLT sectors, modifying plasmapause locations
and contributing to the formation of narrow duskside
plumes. There is a connection between drainage plumes
and ‘storm-enhanced density’ (SED) or ‘tongues of ion-
ization’ in the ionosphere that implies strong coupling
between plasmasphere and ionosphere, perhaps espe-
cially during intervals of SAPS. We investigate the na-
ture of the coupling between plasmaspheric plumes and
ionospheric SED tongues using a variety of techniques.
First IMAGE EUV data are used to provide the equa-
torial global shape and motion of plumes. From the
motion of the plume boundary we can infer the com-
ponent of the electric field tangent to this boundary;
this allows study of some of the details of the ero-
sion process, and also opens the door to investigation
of the disturbance-time inner magnetospheric electric
field. Second, we use GPS total electron content (TEC)
measurements and DMSP in situ observations to gain
insight into the structure and dynamics of the low-
altitude ionospheric portion of the flux tubes occupied
by the plumes. Third, we use IMAGE HENA measure-
ments to examine the role of the ring current in the
dynamical formation and development of plumes dur-
ing times of plasmaspheric erosion. Finally, to help de-
convolve the TEC and EUV 2D spatial maps, we em-
ploy a three-dimensional model of plasmasphere and
ionosphere density. With these tools we examine the
highly coupled inner magnetosphere system during ge-
omagnetically active periods.
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Electric potential patterns are derived in the inner
magnetosphere at 4 < L < 10 using data from the
Electron Drift Instrument (EDI) on Cluster. First, we
examine the relations between the electric field and the
following three parameters to understand how the po-
tential patterns are organized: By component of the
interplanetary magnetic field (IMF), Kp index, and
Dst index. From these correlations, we can recog-
nize the effect of the interplanetary electric field (IEF)
on the inner magnetospheric electric field as measured
by Cluster. Next, the electric field is related to the
quantity proportional to the injection rate of the plas-
masheet particles, (dDst* /dt + 0.13Dst*), where the
effect of the magnetopause current is removed in Dst*.
Then we develop a method to obtain potential patterns.
An inverse problem is solved by adjusting a trade-off
parameter for smoothness of the result. We discuss the
following features from the potential patterns sorted
by IMF By, Kp index, and (dDst*/dt + 0.13Dst*):
1. potential drop, 2. rotation of the direction of the
convection electric field, 3. dawn-dusk asymmetry of
the strength of the electric field, and 4. shape of the
last closed equipotential (LCE) and its relation to the
outflow of the plasmaspheric material. We find that
the LCE for Kp < 2 is a typical tear-drop shape, while
those for 2 < Kp < 4and 4 < Kp are distorted because
of the inward shift of the LCE in the evening MLT.
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Global MHD simulations of the magntosphere tend
to (1) have high values of the cross-polar poten-
tial(CPP) and (2) have weak or possibly non-existent
Region 2 currents. Since the Region 1 current closes
both across the polar cap and through the Region 2
system, Hill has suggested that strengthening the Re-
gion 2 system causes more current to close at lower
latitude which may act as an added ionospheric con-
ductance and, thus, reduce the cross-polar potential.
We present a simple model of ionospheric convection
to indicate why we believe this is unlikely. The basic
idea is that an increase in the Region 2 current causes
a corresponding increase in the Region 1 current. As-
suming an ionosphere with constant Pedersen conduc-
tance, the total resistance (in a dynamic, not electrical
sense) which the ionosphere presents to the solar wind
depends on Zp and the CPP. The effect of the Region
2 currents is to shield the inner magnetosphere from
the potential generated by the solar wind. However,
the total amount of flux which must return from the
nightside to the dayside is unaffected by this shielding.
What the shielding does is constrict the channel avail-
able for the return. We present a simple model to show
the relation between the Region 1 and Region 2 cur-
rents as a function of channel width that indicates that
enhanced Region 2 current leads to enhanced Region
1 current. We will present results from global simula-
tions to indicate whether this scenario holds for these
calculations.
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