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New observations of ion beams in the plasma sheet

boundary layer
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Abstract. The Wind perigee passes covered tail dis-
tances from 6-24 Rg. By use of bulk quantities and the
parent distributions, we have found new features in the
PSBL that had been missed previously. The PSBL con-
sists of a unidirectional earthward streaming ion beam
at the edge and another unidirectional beam inside this
edge streaming in the tailward direction. Bidirectional
beams are observed with higher densities, further in-
side the PSBL. The plasmain the region supporting the
tailward streaming beams consists of the beam distri-
bution plus an isotropic component, whereas the earth-

ward streaming beams consists mainly of the beam dis-
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A neutral line model is also used to explain high speed
flows [Baumjohann et al., 1990].

This paper will present new plasma features in the
PSBL that are different from previous observations.
Our observations come from the 3D plasma experiment
on the Wind spacecraft [Lin et al., 1995] which in-
cludes large geometrical factor analyzers, ~1.6x1072E
cm?-ster. The PSBL will be characterized using the
plasma bulk quantities together with energy-angle plots
and phase space distributions. This permits us to relate
and quantify the behavior of the bulk parameters to the
parent 3D kinetic properties of ions that were convolved
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UT an earthward streaming ion beam was observed
right at the edge. Immediately inside this boundary, the
beam was in the tailward direction. When the space-
craft approached the boundary again at ~1244 UT,
an earthward streaming beam was once more observed
(see bottom two panels of Figure 1). Multiple sam-
plings of the beam reversal region, as the boundary os-
cillated back and forth, show the alternating pattern of
earthward and tailward streaming beams persisted for
more than two hours except around 1410-1424 UT when
counter streaming beams were observed in the higher
density region further inside the PSBL. The fluxes of
the tailward streaming beams are as intense as those in
the earthward direction. i

Examples of 3D phase space distributions of ions in
the (v)|, v.L) space are shown in Figure 2. The top panels
show isocontour plots of the earthward (+v)) streaming
ion beam (left panel), counter streaming beam (middle
panel), and tailward (-v);) streaming beam (right panel).
The cuts of the distributions parallel (crosses) to the
magnetic field direction are also shown. The solid line
shows the one-count level of the detector.

The ion beams are field-aligned with pitch-angles
~+/-30 degrees. These beams have a temperature of
~1-2 keV. These distributions when used to calculate
moments yield > 400 km /s flows in the earthward direc-
tion and ~150 km/s in the tailward directions. These
results indicate studying the dynamics of PSBL using
only bulk velocity moments is inadequate and can lead
to incorrect conclusions.

The energy-angle spectrograms of electrons (Figure
3) show that the PSBL supports counter streaming elec-
trons that are superposed on an isotropic component.
The beams are weak but discernible in these energy-
angle plots. A comparison of Figures 3 and 1 shows that
these counter streaming electrons occur in the same re-
gion where earthward and tailward streaming ion beams
are observed. This can be seen, for example, by com-
paring the panels containing the 0.91 keV or 1.3 keV
electrons with 2.9 keV ions during ~1230-1300 UT. The
presence of counter streaming electrons with keV ener-
gies 1s strong evidence that the ion beams are travelling
on closed magnetic field lines.

Discussion

This paper has shown a unidirectional ion beam exists
streaming in the tailward direction just inside the earth-
ward streaming beam at the outer edge of the PSBL.
These ions are streaming on closed field lines as indi-
cated by the presence of weak counter streaming elec-
trons. These features of the PSBL are. different from
previous observations [Forbes et al., 1981; Takahashi
and Hones, 1988]. Previous observations also indicated
that the electron distributions in the PSBL are isotropic
and they interpreted the beams in terms of the neu-
tral line model. However, the unidirectional tailward
streaming beam is not predicted by the neutral line
model.

Possible sources for the ion beams include the current
sheet in the geomagnetic tail where ions can be acceler-
ated without invoking a neutral line formation [Lyons
and Speiser, 1982; Zhu and Parks, 1995]. Eastman et

al. [1984] have also shown that the ionosphere may con-
tribute significantly to the PSBL. Ionospheric ions can
be accelerated, for example, by field-aligned potentials .
The same potential that accelerates electrons downward
accelerates ions in the upward direction and they can
appear in the PSBL streaming in the tailward direction.

The earthward streaming beam could come from the
southern hemisphere since the ions are streaming on
closed magnetic field lines. Beams originating in the
southern hemisphere will cross the current sheet and
will be propagating in the earthward direction at the
position of the spacecraft. Another possibility is that
the earthward streaming beam could result from the in-
teraction of the tailward streaming beam with the cur-
rent sheet further down in the tail.

We have found that within the complex plasma dis-
tributions which include several distinct populations in
the vicinity of the high latitude PSBL, there are features
that are well organized. These new results are impor-
tant and they need to be included in the description of
the plasma sheet dynamics.
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