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Electrostatic waves near harmonics of the ion
cyclotron frequency are often seen in the auroral
ionosphere.1 These waves propagate almost perpendic-
ular to the geomagnetic field but are sometimes ob-
served in conjunction with parallel bipolar field struc-
tures. This presentation is based on some unpublished
FAST satellite data in a downward current region show-
ing electron and ion distribution functions measured
over intervals during which waves are observed (over
shorter times) near ion cyclotron harmonics. Model
particle distributions closely related to the measured
ones are used in a linear stability analysis to study in-
stabilities that are capable of saturating into the ob-
served wave spectra and particle distributions. Typi-
cally, the measured distributions are highly anisotropic
and have drifts. Two kinds of instabilities are found:
current-driven instabilities, which represent a generaliza-
tion of Kindel-Kennel2 instabilities, and loss-cone-driven
instabilities. (It is also known that shear in the velocity
distribution can drive cyclotron harmonic waves in the
upward current region.3) An interesting new method for
studying stability of quasilongitudinal wave in a mag-
netoplasma is also presented.

Research supported by NSF, NASA, and DOE.
1 R. E. Ergun, et al., Geophys. Res. Lett., 25, 2025
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2 J. M. Kindel and C. F. Kennel, J. Geophys. Res.,
76, 3055 (1971).

3 V. V. Gavrishchaka et al., Phys. Rev. Lett., 85, 4285
(2000).
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Upwelling ions are commonly observed along auro-
ral field lines in association with electromagnetic ion
cyclotron waves. The waves may be caused by any of a
number of mechanisms: electron current or beams, ion
beams, velocity shear, temperature anisotropy, and/or
loss cone. Usually these waves are observed with a
downward Poynting flux, and it is expected that they
propagate into the ionosphere where they can heat
ionospheric oxygen and helium. We have solved the
electromagnetic wave equations for ion cyclotron waves
as they propagate along the magnetic field lines into
the ionosphere. Based on the wave solutions, it is pos-
sible to understand how much wave energy is deposited
in the heavy ions through ion cyclotron and Joule dis-
sipation as well as the location where the energy is de-
posited. The dissipation has a sensitive dependence on
the density of the minority species and on the spec-
trum of the ion cyclotron waves. We provide ion heat-
ing rates as a function of altitude below the satellite
for commonly observed wave spectra and discuss the
resulting ion distributions.
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This study examines the location of the recon-

nection site on the magnetopause for conditions of
northward IMF. Ion distribution functions are obtained

from the Toroidal Imaging Mass, Angle Spectrometer
(TIMAS) instrument during passes through the dayside
cusp region by the NASA/GGS Polar spacecraft when
the interplanetary magnetic field (IMF) was steady and
northward. Ion cutoff velocities are used in conjunction
with the Onsager et al. (GRL, 1990) formula to esti-
mate the distance from the Polar spacecraft to the site
of reconnection. The Tsyganenko 1996 magnetospheric
magnetic field model is used to map these determined
distances along the magnetospheric magnetic field to
the magnetopause. It is found that nearly all of these
reconnection sites lie tailward of the cusp, in places
for which the magnetosheath flow is considered to be
super-Alfvenic (using hydrodynamic theory and a mag-
netosheath magnetic field model). Different scenarios
are discussed, including the possibility of the existence
of a non-stationary reconnection site, and the existence
of a plasma depletion layer which acts to significantly
reduce the magnetosheath Alfven speed close to the
magnetopause. From the observations and mapped re-
connection locations, we also estimate by how much
the ion density must decrease (and the magnetic field
increases) in the plasma depletion layer in order that
the reconnection locations lie in sub-Alfvenic magne-
tosheath flow.
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Intense lower hybrid waves are observed in the
Hall current region of a reconnecting current sheet at
the earth’s magnetopause. Large measured cross-field
drifts and density gradients are the likely sources of free
energy through a lower hybrid drift instability (LHDI),
which is stabilized near the neutral point where the
plasma β is large. Harris neutral sheet and linear mod-
els are fitted to the data and inferred current density
profiles are compared to the observed current density
from particle measurements. We estimate the contri-
bution of LHDI anomalous resistivity to the parallel
electric field and show that it is more than 100 times
smaller than the measured parallel field at the sepa-
rator boundaries and essentially zero near the neutral
point, leaving gradient electron pressure tensor and in-
ertial terms or anomalous resistivity from higher fre-
quency instabilities to support any parallel fields there
and, hence, control the reconnection process.
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Observations of the magnetopause by the four Clus-
ter satellites are presented. We investigate electric and
magnetic field, and wave, data together with parti-
cle observations obtained at satellite separations from
around hundred to thousands of kilometres. Observa-
tions include examples of strong (10 mV/m) varying
electric fields in narrow (much less than an ion gyro-
radius) boundaries, extending along the magnetopause
for at least several ion gyroradii. The emissions in these
“turbulent boundaries are broadband in frequency. The
potential drop across this narrow region can be a few
hundred Volts, which may be important for energiza-
tion of particles close to the magnetopause. We inves-
tigate the nature of this decoupling of ion and electron
motion, and its relation to various transport processes
across the magnetopause. We also compare waves and
particle energization at the magnetopause with similar
phenomena in the auroral region.
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The electric fields that occur in a plasma in the
presence of pressure gradients have long been inven-
toried in laboratory plasmas, but only recently have
these same effects been taken seriously in the exper-
imental space science community. When these effects
are present, the electric field can no longer be inferred
from fluid velocities and the magnetic field, but there
are substantial (and detectable mV/m class) correc-
tions to the unipolar electric field associated with the
pressure gradients of the electron part of the plasma.
A pressure ridge is theoretically anticipated astride the
separator which implies that there are pressure gradi-
ents there and, in general, parallel electric fields of this
type. Pressure gradient electric fields, whether parallel
or not to B, occur in other places as well; accordingly
the detection of pressure gradients and parallel E are
not, by themselves, sufficient to indicate reconnection.

In this paper we illustrate the power of cross strap-
ping the plasma, electric and magnetic field measure-
ments to elucidate a new picture of the electrodynamics
of the magnetopause and its associated boundary lay-
ers. Even depletion layers, long held to be the hallmark
of a magnetopause that is locally “closed”, will be illus-
trated with well developed pressure gradient and par-
allel electric fields. A particularly well resolved layer
yields the following picture of the scale lengths involved
in this layer. As pressure variations are perceived in the
time domain, the comparisons of the electron flow and
the electromagnetic field suggest waxing and waning
gradients that may be inverted to determine the time
sequence of spatial scales encountered. As the deple-
tion layer is traversed, the spatial scales do on average
decrease, but they do not collapse to the electron in-
ertial scale before the magnetopause is traversed. This
type of crossing will be contrasted with a magnetopause
layer where the observer penetrates the separator and
all the classically expected signatures of reconnection
are observed, and the spatial scales of such a recon-
necting layer has collapsed to and asymptoted to the
limiting electron inertial length, thereby demagnetiz-
ing the electrons. Such comparisons give the impression
that the sights of reconnection depend on the precised
collapse of scales that the local boundary conditions
require: if they are not short enough to demagnetize
the thermal electrons reconnection does not occur; if it
does it has been observed to occur.
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The plasma depletion layer (PDL) is a layer on the

sunward side of the magnetopause with lower plasma
density and higher magnetic field compared to the cor-
responding upstream magnetosheath values. It pre-
dominantly occurs during northward IMF conditions.
In this presentation, we investigate the basic physics of
the formation of the PDL, which is fundamental for the
understanding of the magnetosheath and magnetopause
boundary layer. In a previous study, we have validated
our global model by comparing model results with PDL
observations. We now extend this work by studying the
more detailed physics of the PDL with global MHD sim-
ulations. Detailed force analysis shows that different
forces are playing different roles at different locations.
A new technique is presented to test the location of the
possible slow mode front in the magnetosheath. The re-
sults show that, when we assume a magnetopause wave
source, slow mode fronts do not exist for typical IMF
and solar conditions that otherwise lead to PDL for-
mation. A more detailed flux tube depletion process in
the magnetosheath is described. The results are com-
pared with the former results by Zwan and Wolf [1976]
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and major differences are found. Finally, we show that
plasma expansion, more likely than a slow mode front,
is responsible for the plasma depletion layer.

SM21C-06 0945h

Observational search for magnetosheath
merging

Nelson C Maynard1 (603-886-8860;

nmaynard@mrcnh.com); Jack D Scudder2; Daniel
M Ober1; William J Burke3; George L Siscoe4;
Forrest S Mozer5; Christopher T Russell6

1Mission Research Corporation, 589 West hollis St.;
Suite 201, Nashua, NH 03062, United States

2Department of Physics and Astronomy, University of
Iowa, Iowa City, IA 52242, United States

3AFRL, 29 Randolph Road, Hanscom AFB, MA
01731, United States

4Center for Space Physics, Boston University 725
Commonwealth Ave, Boston, MA 02543, United
States

5Space Sciences Laboratory, Grizzly Peak Drive Uni-
versity of Ca;lifornia at Berkeley, Berkeley, CA
94720, United States

6IGPP, University of California at Los Angeles, Los
Angeles, CA 90049, United States

Magnetosheath merging has been predicted using
the Integrated Space Weather Model (ISM). Directional
discontinuities are distorted as they are slowed inside
the bow shock, but continue to propagate downstream
in the unshocked solar wind. Merging is predicted to
occur as the discontinuity is compressed and the cur-
rent intensifies. Polar, with its apogee now near the
equator, slowly traverses the magnetosheath in front of
the nose. Several directional discontinuities have been
observed outside of the magnetopause where acceler-
ated particles and wave Poynting flux indicates the pos-
sibility of merging (on April 7, 2000, March 31, 2001,
and March 12, 2001). For one case in particular where
the IMF rotated from south to north and the observa-
tion was clearly away from the magnetopause, the ion
acceleration and Poynting flux was particularly strong.
We will test these observations for other commonly ac-
cepted signatures of merging.
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Plasma convection pattern in the cross-section of
the magnetotail is derived for the first time from the
archive plasma dataset of the Geotail spacecraft. In
this statistics, the measured ion velocities are divided
into two independent components, i.e., components
parallel and perpendicular to the magnetic filed, re-
spectively, and only the result for the perpendicular
component is discussed. Since Geotail has an equa-
torial orbit, only the portion of the tail close to the
plasma sheet has been covered by Geotail, but still the
result provides sufficient information to identify some
of the interesting characteristics of the plasma convec-
tion in the y-z plane. Some characteristics are con-
sistent with the standard view of the convection in the
magnetotail, but others are not readily compatible with
the standard view. Important findings are as follows:

(1) The plasma convection is directed from the lobe
toward the plasma sheet near the midnight meridian
plane as is consistent with the standard view.

(2) Near the flanks of the magnetotail, however, the
convection direction is reversed, that is, directed from
the plasma sheet to the lobe. This means that two
convection vortices are formed within the y-z plane for
each hemisphere, and some of the plasmas convecting
from high latitudes are deflected towards flanks before
they reach the neutral sheet and finally return to the

high-latitude portion of the tail along the flank magne-
topause.

(3) The sense of rotation for these plasma vortices
is not apparently correlated with the sign of the IMF
z component. That is, the plasma convection always
has a component directed toward the plasma sheet near
the midnight meridian even in the case of northward
IMF. This probably means that the conversion pro-
cess of closed field lines to open field lines is occur-
ring at the dayside magnetopause even during periods
of northward IMF. The reverse convection expected for
the northward IMF seems to be spatially limited to the
higher latitude portion of the tail not covered by GEO-
TAIL observations.

(4) The effect of the y-component of the IMF is vis-
ible as an intensification of one of the two vortices,
whose dawn-dusk asymmetry is controlled by IMF-By.
The effect is smaller than expected, and barely visible
at the distances of x=-15 to -25 Re.
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Observations of traveling compression regions in the
tail lobes accompanied by north-then-south Bz signa-
tures, i.e. NS TCRs, have long been used as indicators
of the tailward movement of plasmoid-type flux ropes.
South-then-north compression regions, i.e. SN TCRs,
are expected to occur in association with the earth-
ward motion of BBF-type flux ropes. However, their
interpretation has been problematical because similar
magnetic field signatures in single spacecraft observa-
tions are also known to be caused by short duration en-
hancements of the external solar wind pressure. Here
we present the first three-dimensional analysis of SN
TCRs in the Cluster measurements. The Cluster ob-
servations clearly show that these compression regions
do, indeed, move earthward. Furthermore, they provide
the first direct observations of the plasma sheet ”bulge”
generating the TCR, and they lend new insights into
the nature of the lobe - plasma sheet interface dur-
ing reconnection events. The implications of these new
multi-spacecraft observations for nature of the changes
in the configuration of the plasma sheet in response to
magnetic reconnection will be discussed.
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Cluster ion measurements inside the tail lobes and
inside the plasma sheet clearly indicate the ionosphere
is supplying a large amount of ionospheric H+, O+
(He+, O++) ions to the magnetospheric mid-tail both
during quiet and disturbed periods. Hydrogen ions and
beams of oxygen ions are quasi systematically detected
inside the lobe and inside the PSBL, flowing tailward
with velocities of the order of 30-80 km/s. These ions
are later energized deeper inside the plasma sheet. We
analyze in detail the dynamics of this ionospheric mag-
netotail component, particularly during episodes of fast
field aligned flow events of magnetospheric ions inside
the PSBL: they drift perpendicular to the local B field
either under the influence of diamagnetic pressure ef-
fects inside the flow itself or under the action of the
electric field fluctuations associated with large alfvenic
waves in the vicinity of the flow. Heating processes
of oxygen ions inside the plasma sheet are briefly dis-
cussed.
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We present observations of the inferred current den-
sity in the magnetotail current sheet from Cluster mag-
netometer measurements during summer 2001. In par-
ticular, the average directions and magnitudes of the
current density have been examined for approximately
25 current sheet encounters between July and October
2001. Considerable variation is observed in the cur-
rent density magnitudes. The current sheet encounters
have been organized in local time and we find that the
cross-tail current density is not strictly organized along
YGSM across the entire magnetotail. Large deviations
from YGSM are observed at the flanks of the mag-
netotail. The current sheet encounters have also been
organized by solar wind conditions and geomagnetic ac-
tivity indices. We find that the current sheet becomes
more disordered during intervals of increased geomag-
netic activity and often the Y-component of the current
density is not the dominant component. We will use
substorm onset times determined from ground magne-
tometer observations to gauge changes of the tail cur-
rent sheet direction and magnitude during substorms.
This behavior will be explored for individual current
sheet events and also in a superposed epoch analysis.


