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Electron Observations between the Inner Edge of the Plasma Sheet
and the Plasmasphere
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Observations of electron intensities over the energy range ~100 ev to 50 kev are presented
for L values between 3 and 10 Ry (earth radii) near local midnight at low magnetic latitudes,
These measurements were obtained over the period June 11 through July 23, 1968, with aa
array of electrostatic analyzers bome on the earth satellite Ogo 3. The earthward edge of the
plasma sheet is characterized by severe decreases in eleciron energy demsities with decreasing
geocentric radial distance, These decresses have a distinet structure with fluxes of higher en-
ergy electrons decreasing further from the earth for the electron energy range ~700 ev to
20 kev, A trough of ~100-ev electrons with number densities of ~1(cm)™ iz observed to fill
the region between the earthward edge of the plasme sheet and the plasmasphere, The den-
gities of electrons with energies greater than 700 ev are often less than 0.1 (oem)™ in this
region, The observed separation between the inner edge of the plasma sheet and the plasma-
pause was ~1 to 3 Rz in June and ~3 to 5 Rs in July, Analysis of subsequent observations
ghould determine whether thig is a latitude or local time effect. The plasmapause is ususlly
observed to ba located at the minimum of the energy density profile for electrons with eper-
gies above 700 ev. At electron energies of ~200 ev a plasmepause structure comprising &
sharp radially outward boundary and = broader inward houndary is observed. The observed
lifetimes of ~10 daya for lower energy ¢lectron {E ~ 1 kev) intensities in the plasmasphere
that were enhanced during a moderate geomagnetic storm arc similsr to previously reported
lifetimes for more energetic electron (£ > 500 kev) intepsities in the same region. Kilovolt
electron intensities between the plasmasphere and the earthward edge of the plasma sheet
decreased more rapidly and foll {o typically quiescent values within the asatellite’s orbital
period of 48 hours. Simultaneous observations of the angular distributions of electron intensi-
ties at two pitch nogles in the plasma sheet revealed that these angular distributions ap-
proached isotropy for the severnl plaama sheet crossings that were examined, Differential
energy spectrums of electron jntensities for the plaama sheet, tho earthward edge, the elee-
tron ‘trough,’ and the plasmasphere are also presented,

The plasma sheet is by its location and nature  reported as being located at 11 (x1) R,
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central to the problem of the origins of the
auroras and the extraterrestrial ring currents.
Although the plosma sheet was first observed
about ten years ago, until recenmtly difficulties
with the development of suitable instrumenta-
tion for the measurements of low-energy
charged particle intensities within the magneto-
sphere have hindered the acquisition of accu-
rate and comprehensive measurements con-
cerning the nature of the plasma sheet and its
environs [Gringouz, 1969; Frank, 1967q, b).
Vasyliunos [1968] observed that the plasma
sheet was characterized by a ‘well-defined sharp
inner-boundary.” Between 1700 and 2100 geo-
centric local time, this inner boundary was
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{earth radi} during geomagnstically quiescent
periods. Typically, the electron energy density
decreased exponentially inward at this earth-
ward boundary with a scale length of about
04 R, During magnetic storms of the bay
type this boundary moved earthward to geo-
centric radial distances ~6 to 8 R, Frank
[1967d, 1968] observed that the earthward edge
of the plasma sheet was located at inereasing
geocentric radial distances for higher electron
energies between 1 and 10 kev. The near-earth
decrease for Buxes of 2-kev electrons was about
half an earth radius closer to the earth than
the corresponding decrease for fluxes of 5-kev
electrons, Our present purpose is to examine
in greater detail the distributions of low-energy
electrong in the region extending through the
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earthward boundary of the plasma gheet into
the plasmasphere at Jow magnetic Iatitudes near
{ocal midnight.

INSTRUMENTATION

Ogo 3 was Jaunched on June 7, 1966, into n
highly eccentrie orbit with initial apogee and
perigee geocentric radial distances of 20.1 R,
and 1.1 Ry, respectively, orbital inclination 30°,
period 48.6 hours, and geocentrie local time of
the apogee position ~2200. The spacecraft
attitude system provided a predetermined,
monitored spacecraft orientation. However, this
attitude control system suffered an electrical
fallure on July 23, 1986, All observations
reported here were acquired before this failure,
Figure 1 illustrates geomagnetic dipole latitude
and geocentric local time as functions of geo-
centrie radial distance for several representative
passes. The angular range of the antisolar

direction in geomagnetic latitude is also indi-
cated. The local time range for these inbound
passes from 10 to 8 R, was 2120 to 0120,

The University of JIowa instrumentation
atilizes four continuous-channe! electron multi-
pliers as partiele detectors and four cylindrical-
plate clectrostatic analyzers: for E/Q analyses
of the energy spectrums. These analyzers were
paired to measure, simultaneously and sepa-
rately, the differential epergy spectrums of
proton and eclectron intensities over an energy
range extending from ~100 ev to 50 kev, These
two pairs of ‘low energy proton and electron
differential energy analyzers' were degignated as
Lepedea A and B and had orthogonal fields of
view, The fields of view for Lepeden 4 wera
directed earthward, and those for Lepedea B
were directed perpendicular 1o the felds of
view of Lepedea A in the satellite-earth-sun
plane. (See Frank [1967a] and the relerences
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Fig. 1. Dipole magnetic latitude (solid circles) and geocentric Jocal time (open circles) as
functions of geocentric radial distance in unite of carth radii for several representative in-
bound passes. The local times shift westward at the rate of ~1° per day, Although the space-
craft is at Jow dipole latitudes, with A\v < 25° within 15 Rz, the orbit cannot be described aa
near-equatorial beyond 8 Re. An antisolar neutral sheet hinged o the dipole equatorial plane

at 10 R would be within the indicated sectors.
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therein.for further details concerning the instru-
mentation.)

The energy bandpasses (‘channels’) for the
two eclectron analyzers are summarized in Table
1. The analyzer plate voltages were stepped once
every 19 sec, and the number of telemetered
samples of intensities at each step, or bandpass,
was dependent upon the spacecraft telemetry
rate. A complete spectrum was -aequired in
approximately 5 min. The teleraetered responses
were corrected for background responses due
to scattered electrons of higher energy whenever
these background responses represented more
than 10% of the detector count rate, Data are
vot presented for any period when the back-
ground responses are more than two-thirds of
the detector count rate. Vertical arrows (Figure
2) are employed to designate observations for
which the background responses were more than
half of the telemetered detector count rate. Sub-
sequent design improvements for later Lepedea
systems derived from experience with this first
analyzer array flow on Ogo 3 have greatly
lessened these corrections for background re-
sponges attributable to solar ultraviolet and
high-energy electrons on later spacecraft,

OBYERVATIONS

The next two following sections are directed
toward detailed analysis of measurements of
low-energy electron intensities for two obser-
vational periods, June 23 and July 17-21, 1066,
These measurements display many of the fea-

TABLE 1. Energy Bandpasees for Ogo 3 Lepedea
Electron Channels A and B

Energy Bandpasses

Electron
Channel A B
3 80~160 ev 80-140ev
4 180-330 ov 170-300 ev
5 310-540 ev 280-500 ev
8 410-720 ey 380-680 ev
T 840-1160 ev 610-1100 ev
8 0.99-1.7 kev 0.94-1.7 kev
9 1.5-2.7 kev 1.5-2.7 key
10 2.6-4.6 kev 2 .8-5.0 kevy
11 3.8-6 .8 kevy 4.1-7.2 kev
12 6.8-12 kev 5.8-10 kev
13 10~18 kev 9 .8-17 kev
14 14~24 kev 14-24 kev
15 2747 kev 26-46 kev
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Fig, 2, Directional, differential intensties of
electrons measured with Lepedes 4 as functions
of time (UT) and magnetic shell parameter L
duriog the inbound pass on June 23, 1968. Each
curve is Iabelled with an energy bandpass num-
ber {'channel') and the corresponding energy
ranges are tabulated in Table 1. The plasmapause
is located at L. = 88, the electron ‘trough' is at
58 € L < 65, and the earthward edge of the
plasma sheet is at 58 < L < 7.1. The simul-
taneous responses of & 213 GM tube to electron
(E > 40 kev) intensities are included at the
bottom of the figure. The familiar nightside ‘trap-
ping boundary’ is evident in the sharp decrease of
intensities at L ~ 70,

tures that are typical for low-energy electrons
in the plasma sheet and its environs near loeal
midnight during periods of relative magnetic
quiescence. In subsequent sections observations
for all available inbound passes for the period
June through July are evaluated in terms of
these exemplary pusses,

June 28, 1986. The inbound segments of the
spacecraflt trajectory were positioned within one
hour of lecal midnight at low magnetic latitudes
as L decrcased from 8 ta 4 R,. Figure 2 sum-
marizes observations of the differential electron
intensities as Ogo 3 passed through the inner
edge of the plasma sheet and into the plasma-
sphere on June 23, 1966. Initially the fluxes of
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electrons with energies above 10 kev (channels
12 and above) decreased with decreasing L
value, while the fluxes of kilovolt electrons
remained constant. Within a geocentric radial
distance of 0.5 Ry, the fluxes of kilovolt elec-
trons also began to decrease, and the peak
fluxes shifted from channel 8 (990-1700 ev)
to channel 7 {640-1100 ev). The decrease of
electron (~10 kev) intensities with decreasing
L values is evident over the L value range 7.1
to 6.1 (~1 R,). This deerease of the higher
energy electron intensities is ceincident with an
initial increase and subsequent decrease of
1-kev electron intensities (channel 7)., At the
near-earth termination of 10-kev electron inten-
sities at L ~ 6.1, there is a dramatic increase
of lower energy (E < 700 ev) electron intensi-
ties (see channpel 4, 190-330 ev; channel 5,
310-540 ev). The width of this maximum of
lower energy electron intensities is ~0.5 Ry, and
maximum intensities are closely positioned at
the plasmapause, Inside the plasmasphers the
differential intensities of electrons over the
energy rtange 100 ev to 50 kev increased
smoothly as the geocentric radial distance de-
creased. The simultaneous responses of a thin-
windowed GM tube to electron (& > 40 kev)

intensities nre displayed at the bottom of Fig-
ure 2. It is diffieult to infer any of the charac-
teristics of the lower energy electron intensities
with this familiar measurement of integral
higher energy electron intensities, This rela-
tionship between the two measurements has
been discussed previously by Frank [1967a, d].

The electron energy and number densities for
the geries of observations shown in Figure 2 are
summarized as functions of magnetic ghell pa-
rameter L in Figure 3. Two number and energy
densities have been computed, corresponding to
two energy ranges, 90 ev to 50 kev and 700 ev
to 50 kev, to clarify the role of the lower energy
electrons. For electron energies of 700 ev to 50
key, the electron energy density decreased by a
factor of 20 across the earthward edge of the
plasma sheet, The corresponding deerease in
electron number density was by approximately
an order of magnitude. Although the electron
intensities between 90 and 700 ev contributed
negligibly to the energy density, these intensities
were sufficiently large to maintain an essentially
constant number density (90 ev to 50 kev) out-
side the plasmasphere. The region located be-
tween the earthward edge of the plasma sheet
and the plasmapause at 58 < L < 6.5 and
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Fig. 3. Energy and number densities of electrons for two energy ranges 90 ev < E < 50
kev (open circles) and 700 ev < E < 50 key (solid circles) as functions of time (UT) and
shell parnmeter L corresponding to the series of observations shown in Figure 2. Across the
earthward edge of the plasma sheet the electron energy densities decreased exponentially by
un order of magnitude over 58 < L < 7.1 with a scale length of 03 Rs. A constant number
density of electrons with energies above 90 ev was maintained throughout the electron trough

by the appearance of large intensities of Jower

energy clectrons.
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characterized by relatively large lower energy
(E < 700 ev) electron intensities will be pres-
ently referred to as the ‘electron trough. As
such this region is definitely a part of (but not
necessarily identical with) Carpenter's [1966]
‘plasma trough,’ At the plasmapause both the
number and energy densities of electrons (90
ey to 50 kev) were observed to increase
abruptly (see Figure 3). _
Sample differential energy speetrums of elee-
tron intewsities for the observations presented
in Figures 2 and 3 are shown in Figure 4.
Within the plasma zheet these electron spec-
trums are relatively flat between 1 and 6 kev
and decrease in intensities rapidly with increas-
ing energies above 6 kev. If the directional
differential intensities as functions of electron
energy are approximated with the power law
E, then n ~ 0.5 between 1 and 8 kev and ~2.7
between 6 and 20 kev. Across the earthward
edge of the plasma sheet the higher energy
fluxes decrease initially (spectrum 2a), and
then the kev electron intensities decrease with
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the appearance of larger 100-ev electron inten-
sities (spectrum 2b), as the spacecraft moves to
smaller geocentric radial distance. Within the
plnsmasphere, the energy spectrums are rela-
tively smooth (ie., intensities increase mono-
tonically with decreasing electron energy), with
n ~ 1.5 for the energy range 300 ev to 50 kev,
and n ~ 3.5 for the differential spectrum for
E <« 300 ev. The locations, energy fluxes, and
electron integral intensities for these spectrums
are summarized in Table 2.

The radial gradients of lower energy electron
intensities at the plasmapause on June 23 are
indicated in the detailed presentation of detector
responses of Figure 5. The time scale (abscissa)
is referenced to time O sec at the beginning of
channel 3 for Lepedea A, Each energy channel
{numbered in Figure 5} is 19 seo in duration.
The ordinate is detector respomse in counts
{accumulation interval = 142 msec)™. The
dotted circle indicates agcumulation periods
during which the plate voltages of the electro-
static analyzers were stepped. Four sets of
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Fig. 4. Differential energy spectrums of electron intensities for the observations shown in
Figure 2. The shading indicates that all spectrums acquired in a given region as noted in the
figure lie between these minimum and maximum spectral intensities, Initially the higher en-
ergy intensities decreased between spectrums 1b and 2a, followed by a decrease in the kev
intensities between spectrums 2a and 2b. Spectrum 2b illustrates the low-energy portion of
the electron spectrums in the electron trough. The plasmapause differentinl intensities 3a
quickly decrease lo intensities similar to those for a typical plasmasphere spectrum 3b. The
vertical arrows denote upper limita for differential intensities,
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TABLE 2. Electron Energy Fluxes and Integral
Directional Intensities

L
earth $g, erge Jer
Spectrum radit  {cm?® gec sr)”' (em? gec ar)™?
1g 8.2 56 6.3 X 108
15 7.1 7.5 8.8 X 10®
2a 6.4 1.8 4.5 X 10*
2b 6.0 0.66 1. X 10
3Ja 5.8 0.62-0.64 4.-6. X 10?
3b 5.6 0.49 2.4 X 10

Data from Ogo 3, inbound, on July 23, 1068.
Wev < E <50 key,

responses to lower energy electrons at the
plasmapause (see Figure 2) for each Lepedea 4
and B are shown in Figure 5; average responses
at 0617 UT, all responses at 0622 UT and the
average responses at 0627 UT (left side of
Figure 5), and all responses at 0627 UT and
the average responges at 0632 UT (right side),
Comparison of the relative heights of the
shaded areas that indicate differences in re-
sponses between these consecutive spectral meas-
urements on the left {outward edge of the
plasmapause) with those on the right (earth-
ward, or inner, edge of the plasmapause) and
reference to Figure 2 demonstrate that the in-
creases of low-energy electron intensities at the
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outer edge of the plasmapause are more rapid
than the subsequent decreases at the earth-
ward edge. The position in time of the plasma-
pause is indicated in Figure § by the vertical
dotted line at +18 sec (0622 UT spectrum).
More specifically, the width of the outer edge
is about 15 km (based upon a factor of 3 in-
crease in count rate for channel 44, in less than
5 sec at 0622:18 UT), assuming the plasma-
pause velocity is much less than the space-
eraft's radial velocity of ~4 km (sec)™. Fifteen
kilometers is the cyelotron radius for a 200-ev
proton in the equatorial dipole field at 5.8 R,.
The inner edge has a thickness of between 200
km (baged on the decline of channel 54 re-
sponses for the 0622 UT spectral measurement
shown in Figure 5) and 1200 km (based upon
the decline of chamnnel 54 responses by the
following 0627 UT spectral measurement), Even
if the plasmapause were moving with a constant
velocity, the ratio of the thickness of the inner
and outer edges should be invariant. This ratio
is between 20 and 120, which brackets the ratio
of the eyclotron radii for protons and electrons
with equal energies.

July 17-21. A second series of observations
of low-energy electron intensities within the
plasma gheet, electron trough and plasmasphere
are summarized in Figure 6. The average elec-
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Fig. 5. Superposition of detailed, responses of Lepedea A (lower half) and B (upper balf)
to lower energy electron intensities at the plasmepause crossing at L — 538 and 0822 UT
(see Figure 2). The energy ranges corresponding to the numbered energy chansels 3 through
8 are given in Table 1, The shaded areas represent the differencea between the observed and
the average count rates for the previous spectral measurement,.
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tron energy, energy density, and number den-
gity for the two energy ranges 750 ev to §0
kev and 90 ev to 50 kev are plotted as functions
of magnetic shell parameter L for one segment
each for the two inbound passes on July 21 (Jeft
side) and July 19 (right side). Ov July 21 at
1300 UT at L < 7, substorm-related phenom.
ena not discussed in the present paper were
observed. However, at L < 8 R, the July 19
observations closely resemble the presubstorm
measurements and are included in Figure 6 to
provide the basic features of observations show-
ing a different character relative {o those of the
previously discussed June 23 pass. Unlike the
June 23 pass, the earthward edge of the plasma
sheet i3 Jocated several earth radii beyond the
plasmapause, and the electron trough first ap-
pears at L =~ 9.5 R,. The eleciron trough is
easily identified by the sudden decrease in the
average energy from ~2-5 kev to ~500-800 ev
{rapid decrease in electron energy density and
relatively small change in number density with

decreasing L value). For electrons {90 ev < E
< 50 kev) the electron trough merges smoothly
into the plasmasphere at L = 5.85.
Representative electron spectrums are dis-
played in Figure 7 for four regions within the
magnetosphere near the magnetic equator and
local midnight: plasma sheet, earthward edge
of the plasma sheet, electron trough, and
plasmasphere. These observations were obtained
during 1he period July 17-19, 1966. The electron
spectrum for the earthward edge of the plasma
sheet features characteristics of both the plasma
sheet spectrum and the electron trough spec-
trum. Although the trough spectrum resembles
the plasmasphere spectrum, there appear to be
significant differences. Below 300 ev the elec-
tron-trough spectrum (n = 2) i3 harder than
the plasmasphere spectrum (n =~ 3). Further-
more, the electron-trough spectrum should peak
in intensities near ~100 ev, while the plasma-
spbere spectrum should be characterized by a
maximum in intensities below 30 ev if the total
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Fig. 8. Average electron (80 ev < E < 50 kev) energy and epergy densities and number
densities 88 functions of time (UT) and L for two inbound passes on July 19 and July 21,
1968. The energy densities for electrons (90 ev < E < 80 kev) and (750 ev < E < 50 kev)
are denoted by open and solid circles, respectively. The electron trough of 4~ 100-ev electron
intensities is easily diacernible between the inner edge of the plasms sheet and plasmapause
(see text}, Unlike the June 23 observation, there is a smooth transition into the plasma-
sphere that may be associated with large intensities of higher energy electrons that were ea-

hanced since the geomagnetic storm on July 9,
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Fig. 7. Sample directional, differential spectrums of electron intensitiez for the plasma
sheet, the earthward edge of the plasma sheet, the electron trough, and the plasmasphere for

inbound passes on July 17 and 19.

electron densities of ~1 {cm)™?* and ~100
(cm)™, respectively, observed by Carpenter
{1688], are invoked. During this series of meas-
urements the intensities within the electron
trough increased steadily with decreasing L
value to the pesition of the plasmapause where
normally an abrupt increase in the electron (90
ev € E < 50 kev) number density is observed.
This effect may be related to the presence of
relatively large intensities of higher energy elec-
trons in the outer radiation zone during the
poststorm period, following the July 9 geomag-
netic storm.

Plosmapause identificction, The results of a
comparison of plasmapause locations utilizsing
simuitaneous ion and electron observations are
suramarized in Table 3. The proton plasmapause
observations are derived from measurements of
ambient thermal ions between 1 and 45 atomic
mass units, with a radio-frequency ion spectrom-
eter on Ogo 3 [Taylor et al,, 1968]. The elec-
tron identification of the plasmapause position
is most easily effected by identifying the local-
ized enhancement of lower energy (~200 ev)
electron intensities with those of the Lepedea's
(channels 4). Electron and proton observations

are typically within the 5-min temporal reso-
lution of the Lepedea instrumentation.
Structure and location of the earthward edge
of the plasma sheet. An abbreviated summary
of the low-energy electron distributions ob-
gerved for 22 consecutive inbound passes dur-
ing the period June 11 through July 23, 1966, is
attempted in Figures 8 and 9, Electron {80
ev < F < 50 kev) energy densities as functions
of L values from 3 to 10 B; for each pass and
positions of the plasmapause as identified from
jon measurements, or electron measurements, or
if the two observations of plasmapause position
are coincident are included in Figure 8. The
legend for the energy densities is giver in Fig-
ure 8, with the designations for large flux de-
creases. Unless otherwise noted, these hori-
zontal bars indicating rapid intensity decreases
are for electron (990 < E < 1700 ev) intensities
(lower bar), and for electron (26 < F < 4.6
kev) intensities (upper bar). These energy
ranges correspond to channels 8 and 10, respec-
tively (refer to Table 1). Intervals for which no
reliable telemetry is available are indicated as
dashed lines in Figure 9. D,, (H) as a funetion
of time has been included at the left side of
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TABLE 3. Comparison of Plasmapause Locations
Protons® Electrons
{Ton Detector) (Tepedea) Diflerence
Time, L, Time, L, AT, AL,
Date UT Ry UT Re minutes Rg

June 11 0220 7.04 ~0220 7.0 0 0
June 15 0408 5.79 data gap
June 17 0444 5.76 7 5.8 ~3 0.15
June 19 0454 6.70 ~0500 6.4 ~8 0.3
June 21 0554 6.7
June 23 0620 5.91 0622 5.9 2 0
June 25 0748 3.73 0748 3.6 3 0
June 27 0724 5.91 0727 5.9 3 0
June 29 Q749 6.19 ~0753 6.0 ~4 0.2
July 1 0901 4.76 ~0002 4.7 ~1 0
July 3 0845 6.44 ~0854 8.2 ~ 0.25
July 5 0954 5.24 ~0953 5.2 ~1 1]
July 7 unidentifiablet
July 9 1156 3.3 ynidentifiable
July 11 1155 4.62 unidentifiable
July 13 1139 6.20 unidentifisble
July 15 ~1245 5.3
July 17 1310 5.63 ~1310 5.6 o 0
July 19 1344 5.64 ~1344 5.6 0 0
July 21 1432 5.18 missing frame
July 23 1446 5.78 unidentifiable

Data from Ogo 3, inbound.

* H. A. Taylor, personal communication, March 1969,
t Intense fluxes above 700 ev following a geomagnetic storm prectuded a decisive observation.

Figure 9, where the periods corresponding to
two moderate main-phase storms have been
shaded. Since there i a large amount of in-
formation included in Figure 9 which also makes
this figure somewhat difficult to cursorily ex-
amine, the following major features of the ob-
served electron distributions are summarized
here,

1. The two horizontal bars, upper and lower,
designating the earthward edge of the plasma
sheet, show the tendency for lower energy
electron intensities (lower bar) to decrease closer
to the earth relative to higher energy electron
intensities {upper bar} during periods of rela-
tive magnetic quiescence. This structure has
been shown in the detailed example of Figure 2.

2. The trough of Jower energy electron in-
tensities is invariably located in the region of
low-energy density between the inner edge of
the plasma sheet and the plasmapause.

3. The inward displacement of the plasma-
pause during main-phase geomagnpetic sgtorms
is clearly evident.

4. The location of the earthward edge of
the plasma sheet relative to the plasmapause
is considerably different in July, relative to the
focation in June for magnetically quiet days.
Irr June the separation between the plasmapause
and the earthward edge of the plasma sheet is
~15 R In July thie separation increases to
~3-b Ry, as the earthward edge of the plasms
sheet withdrawe to ~8.5 R,. This difference
might be due to a latitude dependence resulting
from the distortion of the distant geomagnetic
field or a loeal time effect as the satellite tra-
jectory moves into late evening. Analysis of
further Ogo 3 observations should clarify this
point.

5. During the moderate geomagnetic storm
on June 25 the plasma sheet was first en-
countered at I ~ 9.3 at A ~ 20°, The plasma
sheet electrons penetrated to 4 R, with a peak
energy density of ~3 X 10" ergs {em)™ and
number density ~10-30 (¢cm)™ for the energy
range 90 ev to 50 kev, The larger magnetic
storm of July 9 is clearly evident by both the
location and magnitudes of the electron energy
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densities in Figure 9. This storm has been pre-
viously analyzed in detail by Frank [1967¢).
On July 9 the total eleciron energy within the
L shell range 1 < L < 8 was ~5 X 10" ergs,
about a fourth of the proton total energy of
21 X 10" ergs. These proton and eleciron
energy reservoirg were shown {o be possible
explanations of the observed deercase of ~70
vy (1 y = 107 gauss) at the earth's surface.
Unlike the protons that have charge-exchange
lifetimes of about one day at L = 4 [Swisher
and Frank, 1968), the electron energy densities
decay in an approximately exponential manner
with g lifetime of ~10 days (see Figure 4 for
the period July 9-23 at I =~ 4). This observed
lifetime for low-energy electrons (1 < B < 50
kev) is similar to that previously reported by
Roberts [1969] for high-energy electrons (E >
500 kev) in the same region. Qutside the plas-
mapause the enhanced electron energy densities
were relatively quickly dissipated within a
period of 2 days after the onset of the geomag-
netic storm. These lifetimes are similar to those
reported by Craven [1966] for electron {E >
40 kev) intensities on these L shells at low
altitudes.

6. During a substorm observed to begin at
1300 UT on July 21 at College, Alaska, and
which had just passed through the premidnight
sector, the inner edge of the plasma sheet was
encountered at I = 9.7. One hour later the
electron energy density increased rapidly by &
factor of 4 near L = 8. If this was indeed a
second encounter with the luner edge of the
plasina sheet, its average inward radial veloeity
must have exceeded 5.5 km sec” during that
hour. An electric field of ~06 mvolt m™
would drift plasma at this velocity in a 100~y
magnetic field. Further analysis of the simul-
taneous observations of low-energy proton in-
tensities will be necessary to interpret this
substorm behavior.

Discusggion

Structure of the earihward edge of the plasmo
sheet. There are two types of theoretical ex-
planations for the existence of the inner edge
of the plasma sheet. Both are based upon a
magnetospheric convective flow, as identified
by Axford and Hines [1961], which carries
charged particles toward the earth on the night
side., These two groups of explanations are dif-

ferentiated according to whether loss by at-
mospheric precipitation or Joss by gradient drift
is considered more essential to the formation
of the earthward edge of the plasma sheet.

Loss by atmospheric precipitation wag first
investigated by Petschek and Kennel [1966],
who proposed in an abstract that strong-diffu-
sion precipitation would create s boundary for
plasma sheet electrons at the location where the
flow time and the minimum lifetime become
comparable. An sanalysis of flow-precipitation
coupling by Kennel [1969] indicated that in
the midnight meridional plane the radial flow
time and the electron precipitation time are
comparable for auroral lines of force, and that
higher energy particles should precipitate out
at slightly greater radial distances. Vasyliunas
{1966] speculated that resonant interactions
with VLF waves would enhance electron pre-
cipitation. The resulting charge imbalance
would induce a steady state electric field along
the magnetic field lines, which would in turn
draw up thermal ionospheric electrons to main-
tain charge neutrality. Such a mechanism would
not necessarily affect the proton distributions
and would be consistent with both a constant
electron density acress the earthward edge of
the plasma sheet and the order of magnitude
decreases in the ‘temperature’ of plasma sheet
electrons at this position,
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Fig. 8. Summary of electron (80 ev < E < 48 kev) energy densities observed with Ogo 3
for 22 consecutive inbound passes as functions of magnetic shell parameter L over the range
3 € L £ 10 during June 11 through July 23, 1966. The plasmapause positions are indicated
by dotted circle and (/) if the observation is by ion measurement only, by dotted circle and
E if by electron measurement only, or by dotted circle alone if by coincident ion and elee-
tron measurements. D,,(H) for this period is displayed at the left side of the figure. The
shaded portion of the Dy,(H) profile indicates periods for two moderate geomagnetic storms,
A summary of the important features of this graph appears in the text.

Loss by gradient drift was first evaluated by
Kavanagh et al. [1968), who proposed that the
earthward edge of the plasma sheet iz an Alfvén
layer. In this case the plasma sheet particles
are conveeted into the dipolar geomagnetic field
on the night side of the earth and are sub-
sequently deflected azimuthally by enbanced
gradient dnft. This Alfvén mechanism would
deflect higher energy particles at greater radial
distances and would result in an inward decrease
in the number density of the convected plasma-
sheet particles, The charge separation arisiog

from these motions could result in field-aligned
currents that would be carried mainly by elee-
trons with energies ~100 ov [Schield et al,
1989; Schield, 1988]. The simultaneous deflec-
tion of convected protons would be moderated
by the earth’s corotational fleld, which allows
energetic protons to penetrate more deeply into
the magnetosphere than electrons with similar
magnetic moments [Schield, 1060].

Loss by atmospheric precipitation and simul-
taneous Joss by gradient drift have been exam-
ined by Vasyliunas, as discussed by Kennel
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{1969]. By coupling strong-diffusien precipita-
tion and gradient-drift modulated convective
flow, Vasyliunas found that the sharp nightside
temperature gradient extended from dusk
through the late moming hours, In summary,
although both loss processes are probably active,
their relative importance remains to be eval-
uated.

One present observation, which iz related to
the interpretation of the earthward edge of the
plasma sheet, concerns the pitch angle distri-
bution of low-energy electron intensities ai this
position. Simultaneous measurements of the
angular distributions of electron intensities at
two pitch angles made with Lepedea A and B on
June 11, 1966, sre shown in Figure 10. The
corresponding dipole pitch angles a for the
fields of view of Lepedea A and B are ~{180°-
65°) and ~35°, respectively. By definition pitch
angle & is zero if the particle velocity is parallel
to the magnetic field vector B. Any symmetric
inflation of the dipole field should increase both
ay and ap, thus decreasing the difference
between the sinez of their pitech angles. No
significant dependence of the angular distri-
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butions of electron intensities upon radial dis-
tance is evidenced in the intensity profiles of
Figure 10, Thia result was similar to that obtained
for § inbound passes for which such an analysis
was performed. However, it should be noted
that the detector fields of view (8° X 30°) are
larger than the local loss cone (half angle of
several degrees) and that the fields of view were,
with good probability, not directed into the Joss
cone. Hence this observation appears to be
compatible with either of the above two loss
mechanisms, since the explanation of loss by
atmospheric precipitation assumes that pitch
angle scattering is sufficiently strong to maintain
isotropy over the loss cone, whereas the hypoth-
esis of loss by gradient drift assumes that pitch
angle scattering is neglible over time scales of a
drift period, It should be poted, however, that
there are no specific caloulations presented in the
literature and known to the authors that demon-
strate that & mechanism of loss by gradient
drift alone will produce an almost isotropio
angular distribution such as that reported here.

Comparison with previous observafions, In
general, earlier observations of the charged
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Fig. 10. Simultaneous observations of the angular distributions of electron intensities at
two pitch angles with Lepedea A and B for the inbound pass on June 11, 1966, Directional,
differential intensities are plotted as functions of time (UT) and L. The corresponding en-
ergy ranges for channels 4, 8, 10, and 12 are tabulated in Table 1. The dipole pitch angles
viewed by Lepeden A and B are centered at ~(180°-85°) and ~35°, respectively, for this
series of observations, On July 27 at L = 38, a cross-calibration of the two analyzers while
viewing identical pitch angles verified that there was less than a 30% difference in the over-

all geometric factors of the two analyzers.
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particle distributions within the plasma sheet
are in fair agreement with those presented here.
Peak integral electron intensities above 200 ev of
~2 X 10* (cm* sec)™ over approximately a
hemisphere were measured with Lunik 1. The
integral electron intensities of ~101 {cm?® sec)-
measured with Ogo 3 exceeded these by about an
order of magnitude. Freerman [1964) noted that
the electron flux would be ~10% {em? sec sr)—* il
the observed energy flux were produced by 10-kev
electrons, This equivalent energy flux of 16 ergs
(cm? sec sr)~t is within a factor of two of those
presented here. The Ogo 3 measuremenis of the
plasma sheet within 12 Ry indicate the average
electron energy, £ = (U,/n,), is ~3 to 5 kev,
although the energy of the peak differential
intensities oceurs at ~1 kev.

The ATS low-energy detector observed par-
ticle fluxes of 3 X 10° to 2 X 10° (em® sec 8r)~*
at 8.6 R,;. Particles observed include electrons
above 3 kev and all protons [Freeman and
Meguire, 1967]. On June 23, 1968, inbound at
L = 6.6 R at locsl midnight, Oge 3 observa-
tiong indicate that the integral electron intensity
in the inner edge of the plasma sheet above 3
kev was 3.2 X 10* (em® sec sr)™?, a factor of 20
greater than the integral proton flux above
100 ev, Although the efficiencies of the ATS
low-energy detector for both electrons and
protons have not been published, Frenk [1985)]
and Frank et al, [1969] have shown that the
electron multiplier efficiency for counting 3-kev
electrons is ~202% to 409 of the efficiency for
counting protons between 3 and 30 kev. Even so,
on June.23 the electron flux would have pro-
duced at least 809 of the counts in such a
detector. On July 18 at L = 6.6 R,, the elec-
tron mtensities in the eleetron trough above 3
kev wero 28 X 107 {em® sec sr)™, about 809%
of the proton flux abeve 100 ev, In this environ-
ment the protons would produce at least 75%
of the counts in such a detector. Even if the
calibration of this instrumentation were avail-
able, the identification of the plasma component
observed with the ATS low-energy detector
above 50 ev in this environment would be diffi-
cult if not impossible,

Although Vasyliunas’ [1968] main conelu-
sions are corroborated here, his observation of
the inner edge at 11 = 1 R, was not. The
differences in the location of this inner edge
may be entirely latitude and local time differ-

ences between the observations. Ogo 3 obser-
vations of the inner edge at A = 15° near local
midnight could map onto an equatorial cross-
ing radius of ~10 R,. Furthermore, Vasyliunas’
quiettime observations were made between 1700
and 2100 geocentric local time, whereas these
Ogo 3 measurements were made between 2100
and 0100, Analyses of subsequent Ogo 3 data
should clarify this difference.
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