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We use the charged particle detectors onboard SAM-
PEX satellite to study the relativistic electron response
to high speed solar wind streams (HSS) and coronal
mass ejections (CME). We will compare and contrast
the electron response initiated by these two different
interplanetary drivers. It is well known that the high
speed streams are more prevalent around the declining
part of the solar cycle and coronal mass ejections are
more numerous during the ascending part of the solar
cycle. However there are also times when both HSS and
CMEs are present during the same period. Thus this
study will not only explore solar cycle dependence of
the relativistic electrons but also the nature of these
two interplanetary drivers. We will augment the SAM-
PEX data with those obtained by sensors onboard Polar
as well. Both SAMPEX and Polar cover all L-shells and
have accumulated continuous high quality data. Inter-
planetary data will be provided by ACE and Wind sen-

sors.
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Early comprehensive studies of solar wind / magne-
tosphere coupling using linear prediction filters (LPFs)
were published by Nagai (1988) and Baker et al. (1990).
These studies demonstrated the utility of LPF analy-
sis in specifying a global magnetospheric state in terms
of energetic electron flux at geosynchronous altitudes.
These methods are currently employed in real-time
electron radiation belt prediction for satellite operation
purposes at NOAA’s Space Environment Center (SEC).
Both of the previous studies, as well as the algorithms
being used at the SEC, are based on daily averaged so-
lar wind, energetic particle measurements, and geomag-
netic indices, to remove any diurnal effects. The results
presented here utilize these techniques, combined with
recently developed statistical mapping algorithms and
modern satellite data, to produce linear filters that de-
scribe the dynamic relationship between the solar wind
and the Earth’s energetic electron radiation environ-
ment at various local times, L-shells, and at measure-
ment time scales much less than 24 hours.
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The discovery of cusp trapping of energetic par-
ticles [Chen et al., 1997; Sheldon et al., 1998] has
raised an interesting question whether the radiation
belt can be filled with cusp-originated relativistic elec-
trons (COREs). After analyzing the propagation of
CORESs in the magnetosphere we have found that these
particles are a potential source of relativistic electrons
in the radiation belt. Because of the presence of mag-
netic field minimum in the outer cusp, a sharp pancake-
like pitch-angle distribution should be the salient char-
acteristic to distinguish COREs from other electron
sources. From the CRRES-MEA electron data we
have collected the impulsive electron flux enhancement
events to look for CORE signature. The characteristics
of these events are described.

Chen J., et al., A new temporarily confined popula-
tion in the polar cap during the August 27, 1996 geo-
magnetic field distortion period, Geophys. Res. Lett.,
24, 1447, 1997.

Sheldon, R. B., et al., The discovery of trapped
energetic electrons in the outer cusp, Geophys. Rev.
Lett., 25, 1825, 1998.
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Discharges between differentially charged surfaces
and solar cell panels on spacecraft are detrimental to
spacecraft operations and survivability. Laboratory ex-
periments reveal that the threshold electrostatic poten-
tial for the onset of discharges is lower if the ambient
plasma density is higher and that a neutral gas cloud
often emerges from the discharge initiation point. We
offer a theoretical model for the ionization yield in such
a discharge. Electron impact ionization of an expand-
ing cloud of neutral gas emerging from a point on a sur-
face is considered. The electrons are accelerated in the
Paschen manner by the electric field between the dif-
ferentially charged surfaces or panels. The theoretical
results show that the ionization yield depends on the
initial seed ionization, the time delay of the discharge
initiation, the neutral density, the potential between
the electrodes, the expansion rate of the cloud, and the
electron impact ionization cross-section.
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Relativistic electrons in the outer radiation belt
are often the largest contributors to the total radia-
tion dose deposited in lightly shielded spacecraft elec-
tronics for many high altitude orbits. While most
of this dose usually comes from electrons with ener-
gies around 1 MeV, relatively large electron popula-
tions sometimes exist for energies up to about 4 MeV.
These electrons can also embed themselves deeply in
dielectric and insulating materials in spacecraft, later
causing deep dielectric discharges that have been im-
plicated in many spacecraft anomalies. Although elec-
tron fluxes measured at geosynchronous altitudes dis-
play large dropouts on timescales of a few hours, aver-
aging over 24 hours will generally give a good indication
of the strength of the outer edge of the electron belt
on most days. Such electron fluences characteristically
drop sharply during the first day or so of a geomagnetic
storm, then rebound strongly, typically peaking several
days later and slowly decaying until again perturbed by
geomagnetic activity or a high-speed solar wind stream.
In this paper, we study the various space weather fac-
tors, such as geomagnetic activity and solar wind pa-
rameters, that influence in the daily integrated elec-
tron fluences from the GOES spacecraft (energy greater
than 0.6 and 2 MeV) and other geosynchronous space-
craft. The >2-MeV electron daily fluence measured by
GOES is a sensitive barometer of outer belt fluctua-
tions, having ranged over five orders of magnitude in
recent years. In particular, we study the conditions
that create the large electron fluences often measured
during the week or so after a geomagnetic storm and
look for correlations between peak fluences and solar
wind parameters. We also study some very large geo-
magnetic storms that subsequently generated surpris-
ingly small peak electron fluences. Finally, we look at
behavior during extremely quiet periods when electron
fluxes have remained at very low levels for up to several
weeks.
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The model by Elkington et al. [1999], which uses
a compressed dipole and a time-varying electric field
in two dimensions, is extended to three dimensions by
specifying a poloidal mode ULF wave with a single vec-
tor potential component described by Li et al. [1993]
resulting in By, By and B/, The toroidal mode can
similarly be specified by a single vector potential com-
ponent yielding Ep and By. These vector potentials
assume a Gaussian radial amplitude profile, a simple
sine or cosine for the parallel mode structure and a
time varying exponential depending on the mode num-
ber and angle in the azimuthal direction.

Elkington, S. R., M. K. Hudson, and A. A.
Chan, Acceleration of relativistic electrons via drift-
resonant interaction with toroidal-mode Pc-5 ULF os-
cillations, Geophys. Res. Lett., 26, 3273, 1999.

Li, X., M. K. Hudson, A. A. Chan, and I. Roth,
Loss of ring current O+ ions due to interaction with
Pc-5 waves, J. Geophys. Res., 98, 215, 1993.
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VLF waves are known to determine the lifetimes
of energetic radiation belt electrons in the inner ra-
diation belt and slot regions. Artificial injection of
such waves from ground- or space-based transmitters
may thus be used to affect the trapped electron pop-
ulation. In this paper, we seek to determine the opti-
mal parameters (frequency and wave normal angle) of a
quasi-monochromatic VLF wave using bounce-averaged
quasi-linear theory. We consider the cumulative effects
of all harmonic resonances and determine the diffusion
rates of particles with selected energies on particular L-
shells. We also compare the effects of the VLF wave to
diffusion driven by other whistler-mode waves (plasma-
spheric hiss, lightning, and VLF transmitters). With
appropriate choice of the wave parameters, it may be
possible to substantially reduce the lifetime of selected
classes of particles.
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The ULF wave power during the CRRES mission is
investigated using the CRRES electric field instrument.
The wave power spectral characteristics are examined
as a function of L in terms of long-term averages, and in
terms of magnetic activity (Kp). Previous work has fit
the power spectral density to activity-dependent power
law spectra [Holzworth and Mozer, 1979]. Results from

Trans. AGU, 82(47), Fall Meet. Suppl., Abstract #####-#7, 2001.



the current study are compared with these earlier re-
sults. There are a significant number of cases where the
observed spectra deviate from a power law, exhibiting
a secondary peak around 8 mHz . The regularity and
nature of these spectra are examined as well.
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When magnetic field line curvature, R., is small
compared to a particle’s “total” gyroradius (the ra-
tio of the particle’s speed to its gyrofrequency), its
first adiabatic invariant will change. Recent calcula-
tions have shown that diffusion caused by particle in-
teractions with magnetic field line curvature (of FLC
induced diffusion) can be a significant loss mechanism
for the transient proton radiation belts which form out-
side of L = 3.5. In this study, we examine the August
1990 transient belt seen in data from the PROTEL in-
strument on board the Combined Release and Radia-
tion Effects Satellite (CRRES) for signatures of FLC
induced diffusion calculations. We show evidence of
FLC induced diffusion, and discuss the limitations of
our study as well as possible future improvements.
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Accurate measurements of electron and positron
fluxes at energies above 200 MeV have been performed
by the AMS instrument at altitudes of 370-390 Km and
in the latitude interval 4+/-51.7deg. We present an orig-
inal analysis of the AMS data, focussed on the study
of the magnetically trapped component of these fluxes.
As a result, the flux maps as a function of the mag-
netic variables (L,alpha0O) are determined in the inter-
val (0.95<L<3, 0<alpha0<90) for electrons with E<10
GeV and positrons with E<3 GeV. The results are com-
pared with existing data at lower energies and in sim-
ilar (L,alpha0) range. The properties of the trapped
particles are also investigated in terms of their resi-
dence times and geographical origin by means of a trac-
ing technique. The resulting distributions are discussed
and related to the characteristics of the magnetic shells
encountered by AMS.
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Accurate measurements of proton fluxes at rigidities
above 400 MeV have been performed by the AMS in-
strument at altitudes of 370-390 Km and in the latitude
interval +/-51.7 deg. We present an analysis of the
AMS data, focussed on the study of the magnetically
trapped component of these fluxes. The flux maps as a
function of the magnetic variables (L,alpha0) are deter-
mined in the interval (0.95<L<3), (0<alpha0<90) for
protons with R<10 GV. The results are compared with
existing data at lower energies and in similar (L,alpha0)
range.
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The detector NINA, on board of the satellite Resurs-
01-N4, observed hydrogen and helium geomagnetically
trapped in the period from November 1998 to April
1999. The 2He and ‘He power-law spectra recon-
structed at L-shell=1.2 have indexes equal to 2.24+0.2
in the energy range 12-50 MeV/n, and 3.64+0.5 in 10-
30 MeV/n respectively. The presence of 2H and SH
isotopes at L-shell less than 1.2 is unambiguously es-
tablished.

The measured ratio 3He/4He, and the shape of the
reconstructed deuterium profile as a function of L-shell,
bring to the conclusion that the main source of such ra-
diation belt light isotopes is the interaction of trapped
protons with residual atmospheric helium.

URL: http://wizard.roma2.infn.it/nina
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Magnetic reconnection converts magnetic energy
into kinetic energy in the form of bi-directional plasma
jets. The process is initiated in a narrow source region,
the diffusion region. Previous observations have been
restricted to the detection of the consequences of re-
connection, such as plasma jets, outside the diffusion
region. According to theory, both resistive and colli-
sionless processes can initiate reconnection. One of the
key predicted signatures of collisionless reconnection is
the separation between ions and electrons in the diffu-
sion region. This separation creates a quadrupolar sys-
tem of Hall currents and an associated set of Hall mag-
netic fields. Here we report a fortuitous event where
the Wind spacecraft encountered an active reconnec-
tion diffusion region at the origin of bi-directional jets
in the Earth’s magnetotail where it detected Hall mag-
netic field signatures as well as electron beams associ-
ated with the Hall current. These observations provide
the ultimate evidence for the existence of a magneto-
tail reconnection regime where collisionless rather than
resistive mechanisms dominate; a regime which, accord-
ing to recent theoretical studies, leads to much faster
reconnection than the often assumed resistive regime.
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The classical model of substorm onset involves a
partial diversion of the cross-tail current in the magne-
totail along field lines into the ionosphere on the dawn
side, through the westward electrojet, and then back
up along field lines to the tail on the dusk side—the
substorm current wedge [McPherron et al., 1973]. On
the other hand, collisionless reconnection along an ex-
tended neutral line leads to a pattern of in-plane Hall
currents that produce a coaxial field-aligned-current
(FAC) system in a meridian plane. These contrast-
ing FAC patterns are compared to the results of 3-D
particle-in-cell simulations of two processes that are
fregently proposed as models for substorm onset: re-
connection due to anomalous resistivity generated by
local current-driven wave turbulence and localized re-
connection driven by an externally imposed convection
electric field. In the former case the cross-tail current
is forced to flow around the reconnection region—either
to the ionosphere or tailward—by a periodic blocking
procedure. In the latter case tailward propagation of
magnetic flux away from a y dependent magnetic field
structure leads to the local reconnection. The nature
of the FAC systems for the two cases will be discussed.
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Nonlinear dynamics of cross-tail current instabili-
ties (modes with wavenumber vectors parallel to the
current sheet) are studied by 2D PIC code simulations.
For an ion-scale current sheet initially carried domi-
nantly by ions, we found that the Kelvin-Helmholtz
instability destabilized by the velocity shear between
the lobe and the current-carrying ions comes to domi-
nate after a few tens of the ion-gyration periods. The
non-linear evolution of the Kelvin-Helmholtz instability
warps the plasma sheet significantly and excites lower
hybrid drift waves at its edge. Rapid magnetic field dis-
sipation is observed associated with the non-linear cou-
pling between these two instabilities. We show that the
non-linear coupling between these two instabilities is
responsible for the observed rapid dissipation. The sim-
ulation result presents a new route for magnetic field
dissipation in an ion-scale current sheet.
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Results from a kinetic simulation of component re-
connection are presented. Reconnection proceeds in a
current sheet with 100 degrees magnetic field rotation.
As a result, magnetic reconnection forms distinctively
different signatures from what was found from kinetic
models of anti-parallel reconnection. In particular, ion
and electron flow patterns are substantially distorted,
the shear magnetic field component does not exhibit a
quadrupolar structure, and electron orbits in the dif:
fusion region are substantially modified. The emphasis
of the investigation is on the modifications to the dif-
fusion region, with particular emphasis on the electron
diffusion zone. Here the formation and role of electron
pressure anisotropies in the presence of a strong guide
field is studied in detail.
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