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REGION BEYOND THE EARTH'8 MAGNETOSPHERIC BOUNDARY*
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Since the solar wind is supersonic at the orbit
of Earth' and carries with it an interplanetary
magnetic field, it is expected to behave like a
continuous fluid over dimensions comparable to
the scale of the magnetosphere. ' Conditions for
a shock transition beyond the sunward side of the
magnetosphere have been discussed over the past
few years. ' 6 In this Letter we discuss measure-
ments of electrons with energies &30 keV on the
Explorer 18 (IMP-1) satellite. ' We show that
these electrons are confined to peaks less than
5000 km wide and trace out a region in space
which is compatible with the expected location
of the shock front at a standoff distance of ap-
proximately 15 000 to 20000 km beyond the bound-

ary of the magnetosphere.
Recently Freeman, Van Allen, and Cahill'

have reported high fluxes of electrons (-10'0
cm ' sec ') with a few keV energy throughout
the region beyond the magnetosphere, and Free-
man9 has suggested that the outer limit of this
region may coincide with a shock front. Ne show
that the observed counting rate of our detector
cannot be due to these low-energy electrons even
for fluxes up to 10 ' cm ~ sec and point out
that the high-energy electrons detected on Ex-
plorer 18 probably lie at the outer edge of the
region containing the low-energy electrons found

by Freeman et al.s

All the data we report here were obtained with
the first gold-silicon surface-barrier charged-
particle detector (D,) of the University of Chicago

cosmic-ray telescope. The telescope window was
an aluminized Mylar foil which established a
threshold energy of 30 keV for electrons and 800
keV for protons. A minimum energy loss of 160
keV was required to register a count. The geo-
metrical factor was approximately 10 cm' -sr.

After launch, Explorer 18 passed inward near
the sun-earth (S-E) line and outward approxi-
mately 45 from the S-E line, drifting away from
the line about 4' per orbital period. Figure 1

displays the counting rates versus geocentric
distance. In Fig. 1(a) the magnetospheric bound-

ary, as defined by the termination of the trapped
radiation in the outer Van Allen belt, is located
at 73000 km. The flux of energetic particles
which we shall identify as locally accelerated
electrons is located at approximately 95 000 km
with a peak width of about 2000 km. The counting
rate of -3 counts-sec ' between this peak and
the magnetospheric boundary is the same as in
interplanetary space, and is due to cosmic-ray
background.

Figure 1(b) represents measurements during a
geomagnetic storm. The increase in counting
rates in the interplanetary medium above the nor-
mal 3 counts-sec ' arises from solar protons of
energies from 1 to 30 MeV as determined by the
cosmic-ray telescope measurements. The pro-
tons penetrate without attenuation the region be-
tween the electron peaks and the magnetospheric
boundary. From Figs. 1(a) and 1(b), and more
than 20 additional examples, it is clear that the
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FIG. 1. (a) Intensity peak of electrons &30 kev at
-95 000 km on day 334 (orbit 1) which is associated with
the shock transition region. The boundary of the mag-
metosphere is at 73000 km. The peak which appears
at the magnetospheric boundary is a common character-
istic of the boundary. The background intensity between
the magnetospheric boundary and the electron peak, and
in interplanetary space is cosmic radiation. (b) Multi-
ple peak structure separated by the prevailing flux lev-
el of cosmic radiation and solar protons on day 338 dur-
ing a geomagnetic storm near the subsolar point (or-
bit 2). The increase of proton intensity with decreas-
ing range is known to be a change of solar proton inten-
sity with time. (c) Peak structure characteristic of
observations at large sun-earth satellite angles.

counting rate in the regions between the electron
peaks and the magnetospheric boundary is the
same as the prevailing counting rate in interplan-
etary space. We attribute the existence of multi-
ple peaks during the magnetic storm either to the
rapid radial movement of the shock transition
relative to the slowly moving satellite (-2 km-
sec '), or to multiple shocks.

Figure 1(c) shows the multiple peak structure
always found at large S-E-satellite angles.

By examining more than thirty-eight crossings
of the shock transition we find that the peak
widths shown in Fig. 1 are characteristic of all
the data, namely the peak widths are all -5000
km or less. This indicates that the particles at
the peaks are electrons, since the lowest energy
proton which could be detected by D, is 800 keV
with a Larmor radius in this region at least ten
times larger than the observed peak widths. Al-
though rapid motion of the shock transition re-
gion with respect to the satellite could produce
peaks which appear spuriously narrow, it is not
likely that all the measurements over a three-
month period could suffer this effect. In addition,
the proton penetration of the peak region referred
to in Fig. 1(b) proves that this region cannot trap
protons of sufficient energy to be detected by our
instrument.

To determine the detector response for these
electrons several experiments were performed
in our laboratory. ' Since the detector window
limits direct penetration of electrons to those
with energies &30 keV, there are three cases to
consider:

(1) Was the detector responding to the brems-
strahlung produced by electrons of energy less
than 30 keVV We found that for electrons of
energy just below 30 keV a flux of 10 cm 2-

sec ' is required to produce a counting rate of
10 per second. This flux in space is improbable
since the energy density of such a flux exceeds
by two orders of magnitude the solar wind energy
density.

(2) Was the detector responding to electrons be-
tween 30 and 160 keVV We find that the counting
rate in this energy range is due to pile-up of
pulses within the resolving time of the electronic
circuits. The counting rate depends strongly on
electron energy. For example, a counting rate
of 10 per second requires a laboratory beam of
(a) 5x 10' electrons cm '-sec ' at 38 keV, or
(b) Vx10' electrons cm '-sec ' at 47 keV. Con-
sequently, this pile-up effect above 30 keV could
account for the observed range of peak counting
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transition at increasing S-E-satellite angles
—a possible interpretation of the multiple struc-
ture in Fig. 1(c). If so, they might enter the
magnetospheric tail at very large angles with
respect to the S-E line. Whether these electrons
contribute to the electron population in the outer
Van Allen belt is an interesting question.

By invoking the two-stream plasma instability,
Kellogg" has suggested a plausible acceleration
mechanism for electrons up to keV energies to
explain the observations of Freeman et al. A

modification of this mechanism might provide
the necessary accelerating fields to account for
the &30-keV electrons.

In view of the detection of these electron peaks
it is worthwhile examining earlier satellite data
for their presence. Van Allen" now finds evi-
dence for energetic electron peaks (&40 keV} in
his Explorer-14 data, an example being the open-
circle points in Fig. 2 of Frank, Van Allen, and

Nag agno. '4

An electron detector designed by K. Anderson
for energies greater than 40 keV was also on
Explorer 18. A comparison of his results with
those reported here will make it possible to
determine the flux levels in the peaks.

We wish to emphasize the great variability of
the region defined by electron peak distributions.
This is a reasonable consequence of the contin-
uously changing solar wind energy and flux, and
the changes in interplanetary magnetic field in-
tensity and direction relative to the S-E line.
However, only the plasma probes and magnetom-
eter results from Explorer 18 will reveal whether
the conditions for a true shock transition exists
or whether there is a broad disordered transition
such as discussed recently by Bernstein et al."~"
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