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much of the initial wave energy is dissipated through
electron acceleration. Observations from Cluster also
allow us to identify a possible source for these waves.

SM22C-04 1425h

Electron Dispersion Below Inverted-V
Energies: Resonant Deceleration and
Acceleration by Alfvén Waves

Li-Jen Chen1 (319-335-1221; li-jen-chen@uiowa.edu)

Craig A. Kletzing1

Shuanghui Hu2

1Department of Physics and Astronomy, University of
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2Department of Physics and Astronomy, University of
California, Irvine, Irvine, CA 92697, United States

We report on studies of resonant interactions of in-
ertial Alfvén waves with electrons along auroral field
lines. The electrons in resonance can be accelerated or
decelerated by the parallel electric field of the wave de-
pending on whether the velocity of the electrons is less
or greater than the Alfvén wave velocity. In this paper,
we emphasize the resonant deceleration process and its
effects on electrons that have gone through a parallel
potential drop (the inverted-V electrons). When the
backscattered population is included, a combination of
resonant acceleration and deceleration effects accounts
well for rocket observations of electron energy disper-
sion extending from the inverted-V energies to lower
energy. Characteristics of the dispersion tail such as
the dispersion time scale and the intensity distribution
along the tail may be used to deduce the Alfvén wave
properties and the parent electron spectra. Examples
of the model wave signatures and their dependence on
the electron population will be shown.

URL: http://alpha.physics.uiowa.edu/˜lijen/
KAWe.html
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Cluster multipoint measurements of the electric and
magnetic field on auroral field lines at an altitude of 4
RE are used to show that it is possible to resolve the
ambiguity of temporal versus spatial variations in the
fields. We show that the largest electric fields (of the
order of several hundreds of mV/m when mapped down
to the ionosphere) are of a quasi-static nature, asso-
ciated with upward electron beams, stable on a time
scale of at least half a minute, and located in regions
of downward current, and we conclude that they are
the high-altitude analogues of the intense return cur-
rent/black auroral electric field structures observed at
lower altitudes by Freja and FAST. Outside of these
structures there are temporal fluctuations, which are
shown to likely be downward traveling Alfvén waves.
The periods of these waves are 20 - 40 s, which is
not consistent with periods associated with either the
Alfvénic ionospheric resonator or field line resonances.
The multipoint measurements enable us to estimate
a lower limit to the perpendicular wavelength of the
Alfvén waves.
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Temporal and spatial characteristics of high-
altitude auroral electric fields, and, in particular, those
which are related to quasi-static auroral electric poten-
tial structures, are discussed using Cluster multi-point
observations from auroral field line crossings at geo-
centric distances of about 5 RE. Intense and narrow-
structured diverging electric fields, associated with up-
ward accelerated electrons, being fingerprints of quasi-
static acceleration structures in the auroral return cur-
rent region, appear more frequently at these altitudes
than their counterpart, converging electric fields, on
auroral field lines, for reasons not yet understood. The
time needed for evacuating ionospheric electrons at the
ionospheric end of the return current flux tube, which
depend on the field-aligned current density, represent
one characteristic time scale for the accelerating elec-
tric fields. We present results from four Cluster encoun-
ters with such acceleration structures and how these
and their associated field-aligned current and electron
distributions, evolve on the different time scales given
by different inter-spacecraft separation distances.
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A statistical study of the ion outflow versus its
energy input is performed by using multi-instrument
data (TIDE, EFI, MFI, HYDRA) of Polar during its
perigee auroral passes in the year 2000. Several impor-
tant physical quantities connected to the ion outflow
have been investigated, among which are the Poynting
flux from the perturbation fields (below 1./6 Hz), the
electron density, temperature and the electron energy
density. The perturbation fields here to calculate the
Poynting flux may be associated with the small-scale
quasi-static electric field structures of the field-aligned
currents or/and time-varying Alfven wave structures,
which are both proven to be important energy sources
to power the aurora. Our preliminary results show that
the field-aligned ion outflow flux correlates best with
the Earth-directed Poynting flux and the precipitating
electron density, and also with a much weaker corre-
lation with the electron energy density and tempera-
ture. The findings from this Polar study are similar to
those from FAST. The general corroboration between
the independent data sets of the two spacecraft sug-
gests that the empirical ion outflow scaling laws can be
established, which will be beneficial to global simula-
tion efforts.

SM22C-08 1525h

A statistical study of the orientation,
motion, and thicknesses of density
and electric field structures observed
by Cluster II above the auroral
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Arthur J. Hull1 (510-643-0502;
ahull@ssl.berkeley.edu); John W. Bonnell1

(jbonnell@ssl.berkeley.edu); Forrest S. Mozer1

(fmozer@ssl.berkeley.edu); M. Andre2

(Mats.Andre@irfu.se); A. Eriksson2 (aie@irfu.se);
A. Vaivads2 (andris.vaivads@irfu.se); A.
Pedersen3 (arne.pedersen@fys.uio.no); P.-A.
Lindqvist4 (lindqvist@plasma.kth.se); H. Laakso5

(harri.laakso@esa.int)

1Space Sciences Laboratory, University of California
at Berkeley, 7 Gauss Way, Berkeley, CA 94720

2Swedish Institute of Space Physiscs, Uppsala Divi-
sion, Box 537, Uppsala , Sweden

3Dept. of Physics, University of Oslo, P.O. Box 1048,
Oslo , Norway

4Royal Institute of Technology, Teknikringen 31,
Stockholm , Sweden

5Space Science Dept., ESTEC, Noordwijk , Nether-
lands

We present the results of a statistical study of the
properties of electric field and density structures ob-
served by the Cluster II spacecraft above the auro-
ral acceleration region. Of particular emphasis is the
orientation, motion, and thicknesses of time station-
ary structures. The multi-point electric field and den-
sity measurements from the Cluster II constellation are
used to estimate the direction and propagation speed
of structures in the electric fields and plasma density
(as inferred from spacecraft floating potential measure-
ments), as well as to quantify the thicknesses of those
structures. These spatial structures propagate trans-
verse to the magnetic field at speeds of ∼10 km/s and
are characterized by thicknesses that range from a few
hundred kilometers to a few thousand kilometers in ex-
tent. Thus with these observations we are probing the
high-altitude potential and density structures that are
associated with relatively fast (1 km/s) proper motions
of fairly large scale (10-100 km) features in the auroral
zone. The variation in the properties of these spatial
structures with other parameters that characterize the
auroral zone, such as altitude, local time, invariant lati-
tude, and geomagnetic activity will also be discussed.

SM22D MCC: 2008 Tuesday 1600h

Substorms I

Presiding: J D Perez, Auburn
University; W J Hughes, Center for
Integrated Space Weather Modeling
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It is necessary to understand current wedge for-
mation in order to understand the cause of the sub-
storm expansion phase. Geotail spacecraft observations
have shown that the inner-plasma-sheet cross-tail cur-
rent reduction within the current wedge results from a
process that leads to a reduction in equatorial plasma
pressure and a substantial reduction in flux tube ion
content. We use the single-species continuity equation
for plasma sheet particles to identify a plausible cause
of these plasma reductions. We find that a convec-
tion reduction, which follows a growth phase period
of enhanced convection, should cause a divergence of
plasma sheet particles driven by diamagnetic drift that
leads to flux tube content reduction. Such reduction in
flux tube content is longitudinally localized to the pre-
midnight to midnight region where the current wedge
has been observed to initially form and must initiate
within the region of the equatorial mapping of the Ha-
rang discontinuity, consistent with ionospheric observa-
tions of substorm onset. We also find that the reduc-
tion in flux tube content should initially develop slowly,
and then develop more rapidly as the current wedge
forms. This is consistent with observations which show
that expansion phase aurora, and thus also the current
wedge, develops slowly for a few minutes before bright-
ening rapidly, and it is as required if plasma sheet di-
vergence driven by diamagnetic drift leads to current
wedge formation and initiation of the substorm expan-
sion phase.

URL: http://www.atmos.ucla.edu/˜larry
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A macroscopic / microscopic view of a
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In this paper we study a plasma sheet thinning event
which took place on 11th August 2002, while CLUS-
TER was located in the nightside, northern hemisphere
of the magnetosphere in the plasma sheet/plasma sheet
boundary layer. This event took place during a period
of quite low Dst but high AE, with substorm signatures
observed by ground based measurements and the Los
Alamos instruments aboard geosynchronous spacecraft
coincident with the plasma sheet thinning observed by
both CLUSTER and POLAR. Just prior to the plasma
sheet thinning and entrance into the lobe, the CLUS-
TER tetrahedron observed a tailward moving travel-
ling compression region, as identified by magnetic field
measurements from the FGM (Flux Gate Magnetome-
ter) instrument. At this time the IES/RAPID (Imaging
Electron Spectrometer/Research with Adaptive Par-
ticle Imaging Detectors) and PEACE (Plasma Elec-
tron and Current Experiment) instruments on CLUS-
TER 3 observved a highly collimated field aligned elec-
tron beam. By combining groundbased and multi-point
spacebased (magnetospheric and up-stream) observa-
tions we are able to construct a detailed macroscopic
picture of the evolution of this substorm as well as a
more microscopic description of the local phenomena
at CLUSTER. We study the possible relationship of the
beam to reconnection separatrix formation and evolu-
tion.

SM22D-03 1630h

A Fresh Perspective of the Substorm
Current System and Its Dynamo
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The common view for the substorm current system
is a current wedge involving principally an azimuthal
current system. We first evaluate briefly previous stud-
ies that provide strong evidence for the dominance of a
meridional current system (MCS) in substorms. Based
on these clues, we propose the dynamo for the MCS to

be a kinetic current disruption process in the magne-
totail such that dipolarization is achieved by magnetic
field line slippage, thus producing the dynamo action of
a tailward directed current with an earthward directed
electric field. The total current strength is estimated
to be about 10 MA for an average substorm size, con-
sistent with that obtained from the KRM algorithm.

SM22D-04 1645h

Periodic magnetospheric substorms and
their relationship with solar wind
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Outstanding problems in magnetospheric substorms
include what causes substorm onsets and whether sub-
storms have some specific periodicity. We will present
observations and interpretation that are related to the
above problems. In one event, the Geotail satellite was
located in the near tail between X = -20 and -30 Re
and detected periodic southward turnings of the mag-
netospheric magnetic field. Geosynchronous satellites
measured sawtooth-like injections of energetic charged
fluxes from the tail. The IMAGE satellite measured en-
hanced emissions of energetic neutral atoms in the ring
current and auroral brightenings. The CANOPUS pho-
tometers measured intensifications and latitudinal mo-
tion of auroral emissions. These magnetospheric and
ionospheric phenomena have the same periodicity and
indicate the occurrence of periodic substorms. Several
other events show similar phenomena. The periodic
substorms have periods of 2-3 hours and occur after
a solar wind pressure impulse impinges on the magne-
tosphere. We suggest that magnetospheric substorms
have an intrinsic cycle time of 2-3 hours. If solar wind
pressure oscillations with periods comparable to the
substorm cycle time are imposed on the magnetosphere,
some magnetospheric resonant state may be excited,
and periodic substorms can be triggered. Otherwise,
if the solar wind oscillates too fast, no enough energy
is accumulated in the magnetotail for substorms to oc-
cur; if the period of solar wind pressure oscillations
is too long, magnetospheric energy may be released
through other processes including internally triggered
substorms.

SM22D-05 1700h
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Current debate over the initiation of a magneto-
spheric substorm centers on two viable onset models.
One model is that substorm onset begins with disrup-
tion of the near-Earth crosstail current. The other pos-
sibility is that onset begins with magnetic reconnec-
tion in the midtail plasmasheet, and that subsequent
dynamics are driven by convective flow bursts. Each
model predicts a different temporal ordering of onset
phenomena. We present the results of event studies
where we examine the temporal ordering of convective
plasma flow in the plasmasheet, Pi2 pulsations, and au-
roral arc brightening. Using the causal link between
midtail plasma flows and low latitude Pi2 pulsations
and the relative timing of phenomena we show that the
observed sequence of events disagrees with predictions
of CD models. We then show that the observations lend
strong support to the flow-burst model of magnetotail
dynamics.

SM22D-06 1715h

Firehose instability near substorm
expansion-phase onset?
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The evolution of plasma ejected earthward from a

patch of reconnection at about 25 RE is studied us-
ing a double-adiabatic-MHD simulation of a thin fila-
ment. Firehose instability occurs in the simulation af-
ter a compressional shock reflects from the near-Earth
region. The tailward-propagating compressional wave,
which brakes the earthward flow in the filament, is thus
characterized by strong magnetic fluctuations. Within
the context of the Near-Earth-Neutral-Line model of
substorms, we suggest that firehose instability might
cause the intense magnetic-field fluctuations that are
observed in the inner plasma sheet at substorm onset.
To assess the accuracy of double-adiabatic MHD, we
tested it for a situation that resembles the substorm-
generated filament but is simple enough to allow an
exact kinetic theory solution. The test confirms that
double-adiabatic MHD does a reasonable job of predict-
ing when the firehose criterion is satisfied.

SM22D-07 1730h
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Testing the ability of global MHD models to de-
scribe magnetotail evolution during substroms is one
of the elements of science based validation efforts at
CCMC. We perform simulations of magnetotail dynam-
ics using global MHD models residing at CCMC. We se-
lect solar wind conditions which drive the accumulation
of magnetic field in the tail lobes and subsequent mag-
netic reconnection and energy release. We will analyze
the effects of spatial resolution in the plasma sheet on
modeled expansion phase evolution, maximum energy
stored in the tail, and details of magnetotail reconnec-
tion. We will pay special attention to current sheet
thinning and multiple plasmoid formation.
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We model substorm energetic particle injections by

studying the interaction of particles with earthward-
propagating electromagnetic pulses of westward elec-
tric field and consistent magnetic field with localized
radial and azimuthal extents, superposed over a back-
ground magnetic field. The improvement in the cur-
rent work over previous models is the consideration of a
non-dipolar background magnetic field before the pulse
arrives (corresponding to the stretched field during
the substorm growth phase), which changes in a time-
dependent manner and transforms into a dipole field
in the wake of the pulse. The particle motion is still
adiabatic, even in the lower stretched field, and there-
fore both ions and electrons are dragged earthward by
the ExB drift to regions of higher magnetic field, thus
undergoing betatron acceleration. As in the previous
model, we obtain fully-analytical solutions for the par-
ticle motion. We present an analysis of the differences
in the results with the current model vs. the previous
model (with dipole background), both for the particle
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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.

SM31A MCC: 2002-2004
Wednesday 0800h

Multipoint Observations of
Reconnection Signatures
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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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Mass and Speed of the April 21, 2002
CME at 1.64 Solar Radii

John C Raymond (617-495-7416;
jraymond@cfa.harvard.edu)

John Raymond, Center for Astrophysics 60 Gardden
St., Cambridge, MA 02138

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


