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Abstract. The 3D plasma instrument on the Wind
spacecraft has obtained new features of plasma distri-
butions in the region of the geomagnetic tail current
sheet (CS) that have not been previously reported. In
addition to the isotropic plasma sheet component, ion
beams of energy 1-3 keV are observed. The beams are
generally counter streaming but unidirectional beams
are also observed streaming parallel and antiparallel to
the direction of the magnetic field. In addition, a low
energy (a few hundred eV) ion component appears in
close association with B, increases. The electron dis-
tributions have bidirectional anisotropy with T} /T =~
1.5, and they are often accompanied by counter stream-
ing beams. However, a few keV unidirectional electron
beam is also observed with bidirectional anistoropic dis-
tributions. These keV electrons are streaming away
from the CS, suggesting they have been accelerated in
the CS and subsequently ejected. The plasma distribu-
tion in the CS is multicomponent and thus requires a
kinetic description of the dynamics.

Introduction

It is known that Earth’s magnetic tail supports a cur-
rent sheet (CS) and during substorms this CS undergoes
a major reconfiguration which dramatically changes the
global geomagnetic field topology. Substorms are ac-
companied by numerous particle and field disturbances
that include , for example, auroral expansion (Akasofu,
1968), injection and precipitation of particles (Parks
and Winckler, 1968), fluctuation of magnetic field in
the plasma sheet (Lui et al., 1992), and a host of other
effects (see Kokubun and Kamide, 1998). However, the
physics of how these features are related to the dynam-
ics of the CS is not understood.

Studying the behavior of plasma distributions in the
region of the CS can yield important information on
the dynamics of substorms. Although numerous stud-
ies have been made of the plasma in the plasma sheet
boundary layer (see Parks et al., 1998 and references
therein), only few papers have addressed the behavior
in the vicinity of the central plasma sheet (CPS) and
the CS. The work of Hada et al. (1981) shows that
electron distributions in the plasma sheet (PS) have
bidirectional pitch-angle anisotropy and inside ~10 R.,



sharply field-aligned counter streaming beams exist.
Nakamura et al. (1992) studied ion distributions in the
vicinity of the neutral sheet and showed that ion dis-
tributions consist mostly of a single plasma component
and, more recently, Frank et al. (1996) showed ions in
the CPS are field-aligned and traveling toward the tail.

The purpose of this article is to present new data
obtained by our Wind 3D plasma instrument (Lin et
al., 1995) not previously reported or discussed. Our
observations come during the perigee passes in the ge-
omagnetic tail when Wind traversed the vicinity of the
CPS and CS. We will show that the plasma in the CS
region consists of several components for both ions and
electrons.

Observations

The neighborhood of the CS is identified by the rever-
sal of the Bx component and/or a high magnetic eleva-
tion angle, |# = sin™*(B,/|B|)| > 30°. The measured
magnetic field is a superposition of Earth’s dipole field
and the field produced by the CS. Towards the middle
of the CS, B, becomes vanishingly small and Earth’s
dipole field dominates, that is, B, dominates or it is
one of the dominating components.

The top three panels of Figure 1 show the behav-
ior of the three moments (density, mean velocity, mean
standard deviation of the velocity) of ion distributions
observed on May 10, 1996 for the time interval 0330-
0500 UT. These moments are computed for = 80 eV -
27 keV ions using data that have been averaged over
24s. The fourth panel shows 3s averages of the magen-
tic field data (courtesy of R. Lepping), and the bottom
two panels, energy-time spectrograms of ions travelling
in the sunward and antisunward directions. The GSM
position of Wind at 0430 UT was (-12 , 6 , 2) in earth-
radii (R.).

The onset of a substorm occurred at ~0400 UT as
observed by Canopus magnetometers (not shown). Un-
til about 04 UT, one can deduce from the large B, that
Wind was in the vicinity of the PSBL. Spectrograms
show presence of < 10 keV beams for both sunward
and tailward ions. An intense low energy component
(< 1 keV) is observed for only the tailward going parti-
cles. The counter streaming beams that are unbalanced
and the presence of the low energy component only in
the tailward direction result in net sunward mean ve-
locities that reach several hundred km/s. From ~ 04
UT, Wind was at the edge of PSBL boundary for ~
7 minutes, as evidenced by the weaker but persistent
earthward flux, and then returned to the PS. A series
of small B, increases (dipolarizations) then followed.



At ~ 0426 UT when B, increased from ~5 nT to 19
nT, the spacecraft was in the CS region characterized
by a density of ~0.2/cc and magnetic field intensity
~15 nT with and elevation angle fluctuating between
30°-60°. This B, increase was accompanied by high
frequency magnetic field variations and a large mean
velocity, ~800 km/s produced by enhanced ion fluxes
with energies from =~2 keV to > 27 keV in the sun-
ward direction and reduced ion fluxes in the tailward
direction. The spacecraft remained in the CS past 05
UT.

To illustrate the phase space characteristics of the
keV beams in the plasma distributions, we show in Fig-
ure 2, first and third rows, examples of 3D distributions
of ions and electrons projected on the plane whose nor-
mal is defined by BxV, where V is the mean velocity,
with B as X-axis and V, as Y-axis. The date, start
and end times when the distributions were obtained
are shown on the top. The magnetic elevation angle is
shown on the top left, the azimuth on the top right, and
the field intensity on the lower right corner. The color
lines are isocontours of phase space densities in (V)|, V1)
space. The second and fourth rows show 1D cuts of the
distributions along parallel (x) and perpendicular (<)
directions where the solid line denotes the instrument
background level. The electron distributions are 3s av-
erages and transmitted every 50s, while the ions are 24s
averages. The magnetic field data used are 3s averages
for electrons and 24s for ions.

At 0432:19 UT, the ion distribution consisted of nearly
circular isotropic contours for V>1000 km /s, flatter and
less smooth contours for negative Vs due to reduced
fluxes of ions from that direction. A weak beam at
V=500 km /s is propagating along the direction parallel
to B. The electrons are anisotropic with more electrons
along B than perpendicular to B and there is also a weak
beam propagating along B at ~ 2 x 10* km/s. Both of
the beams are travelling away from the CS. Note that
B, is positive and so the spacecraft is above the CS.
Therefore, the direction parallel to B means away from
the CS.

The CS is dynamic. At 0435:16 UT, three minutes
later, we see the nearly same distribution for the ener-
getic ions but the ion beam at 500 km/s is no longer
there. Instead, we see a new beam at -550 km/s prop-
agating in the antiparallel direction to B. The elec-
tron distribution did not change significantly and still
showed anisotropy and a weak beam but now at slightly
less V (=~ 1.5 x 10* km/s) than before. Note that the
ion and electron beams are propagating in the opposite
direction, that is, the electrons away from the CS and



the ions toward the CS.

The last example which comes =15 minutes later
at 0450:28 UT, shows again a similar distribution for
the energetic ions but now with counter streaming ion
beams at Vm400 km/s along B and -700 km/s an-
tiparallel to B. The electrons still show bidirectional
anisotropy, which is typical of electron distributions in
the CS [Hada et al. 1981], and there are no beams.

Figure 3 shows another example from September §,
1997. At 1630 UT, the spacecraft was located in GSM
coordinates (-13, 7, 1)R.. and a substorm expansion
was observed by the IMAGE magnetometer chain (not
shown)at the same time. The format here is the same as
before. On this day, the spacecraft was in the southern
hemisphere (negative B, ) and it was in the lobe (nearly
zero flux) from &~ 16 UT to 1630 UT. Intense fluxes of
less than a few keV ions were observed before the entry
into the lobe. B, decreased fairly abruptly at ~1633
UT as the PS reappeared, B, increased slightly and the
magnetic intensity decreased, indicating the spacecraft
was approaching the CS. After 1635 UT, the fluxes in
the sunward and tailward directions were the same until
~1645 UT, when a large mean velocity was observed.
The spectrogram shows more ions travelling sunward
than tailward in the ~ 2-27 keV range, which resulted
in a high mean velocity (~600 km/s) in the sunward
direction.

This event shows a low energy ion component that
appeared immediately following the PS reappearance
(~1636 UT). Following the second increase of B, (~30
nT) at ~1645 UT, in association with the large mean
velocity, a large enhancement was observed. The ab-
sence of the low energy component between 1639-1645 is
probably due to the fact that B, was increasing, which
indicates the spacecraft was moving further away from
the CS. The low energy ion enhancement lasted for more
than an hour, until ~ 18 UT.

Figure 4 shows an example of the distribution taken
at 1653:30 UT. As before, the ion distribution consisted
of smooth, nearly isotropic contours for the high energy
particles and a beam at ~400 km /s propagating paral-
lel to B. The electrons are anisotropic, 7, > 71, with a
weak field-aligned beam at —2 x 10* km/s propagating
anti-parallel to B (away from the CS since negative B,
indicates that Wind is beneath the CS) and in the op-
posite direction from the ion beam. The 1D cuts show
clearly that the distribution extends to low energies.

Summary and Discussion

We have shown that plasma distributions in the CS
often consist of several distinct components. This in-



cludes the usual isotropic PS distribution, unidirec-
tional and counter streaming ion beams with ener-
gies ~1-3 keV, and low energy ions (few hundred eV).
The concurrent electron distributions have bidirectional
pitch-angle anisotropy (BPAA), counter streaming beams
(not shown) and unidirectional beams that appear to
be streaming away from the CS. These features have
been observed in all of the first 26 Wind perigee passes.
They all occur in association with substorm activity.
The density contributed by the low energy ions can be
as much as 40%.

Tailward streaming ion beams have been observed in
the CPS region by Frank et al. (1996). The BPAA and
counter streaming electron beams have been observed
by Hada et al. (1981) at similar radial distances. Also,
BPAA has been observed at radial distance of ~70 R,
and further out by Geotail and referred to as flat-top
electron distributions (Mukai et al., 1996). The counter
streaming and earthward traveling ion beams and uni-
directional electron beams we have shown here are new
features in the CS, although similar electron beams have
been observed near geosynchronous altitude (Johnstone
et al., 1996). Frank et al. (1996) suggest that the tail-
ward propagating ion beams originate in the ionosphere.
Hada et al. (1981) suggest that BPAA are produced by
the action of Fermi process due to high curvature of B
near the CS and the counter-streaming electrons are of
ionospheric origin.

Unidirectional electron beams are thought to be gen-
erated at the CS, because as exemplified by the three
cases shown, they are always travelling away from the
CS. This is indeed the case for all of the unidirectional
electron beams observed by Wind 3DP (more than a
hundred events studied). The farthest radial distance
seen for these events is ~30 R, down in the tail. It’s
unlikely that these beams are from the ionosphere since
even the asymmetry in the two hemispheres alone can-
not account for this directional preferrence. To have the
electron beams to be always propagating away from the
CS, the asymmetry has to alternate in phase with the
spacecraft location, that is, when Wind is in the north-
ern hemisphere (above the CS), the asymmetry favors
the southern hemisphere (beams are from the southern
hemisphere); when Wind is in the southern hemisphere
(below the CS), the asymmetry turns the other way.

The unidirectional ion and electron beams have sim-
ilar energies, and we take this to mean the source of
the ion beams could also be the CS. Analytical calcula-
tions have shown that electrons and ions are accelerated
when interacting with the CS and ejected subsequently
(see, for example, Lyons and Speiser, 1982; Zhu and



Parks, 1993). The counter-streaming ion beams could
originate from the CS with the tailward going beam re-
sulting from the mirroring of the earthward going beam.
They could also come from conjugate ionospheres, but
the beams have much wider pitch-angle spread than one
would expect even if we take account of the finite aper-
ture width. Hence, additional pitch-angle scattering
process must be invoked to have taken place in tran-
sit for the source to be the ionosphere.

In conclusion, the plasma distribution in the tail CS is
multicomponent, especially during geomagnetically ac-
tive periods, thus a kinetic description of the dynamics
is required.
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WIND/3DP PH Moments and Energy Spectrograms on 1996-05-10
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Figure 1. A summary plot of plasma activity observed

on May 10, 1996 in the geomagnetic tail.
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Figure 2. Isocontours of phase space density and 1D
cuts of the ion and electron distributions in (V) VL)

space (see text for detailed explainations). Top two
panels are for ions and bottom two are for electrons.

Figure 2. Isocontours of phase space density and 1D cuts of the ion and electron distributions in (V), V1) space
(see text for detailed explainations). Top two panels are for ions and bottom two are for electrons.
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Figure 3. Another event displayed in the same format
as Figure 1. The enhancement of low energy ions is
preceeded by dramatic changes in the magnetic field,
the keV ion beam and the unidirectional electron beam
that is streaming away from the CS.
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is streaming away from the CS.
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