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This program is directed toward an improved understanding of the sources
and the energization, transport and loss processes associated with the
low-energy (keV) plasmas in the earth's magnetosphere, particularly as
they relate to ionospheric perturbations and ionospheric-magnetospheric

coupling.

The experiment is operating completely successfully and has already made
several major discoveries about previously unknown ionospheric accelera-

tion mechanisms and the composition of the ring current.

The principal result has been the discovery of large fluxes of energized
ionospheric ions streaming up the magnetic field lines from the ionosphere.

This discovery establishes the existence of a major new ionospheric-mag-
netospheric coupling phenomenon. The characteristics of the phenomenon

point to parallel electric fields as the immediate cause of the acceler-

ated ions. These results and those of the ONR companion experiment on

S3-3, which makes in situ measurements of the electric fields,put on a ‘
firm basis the many recent speculations and inferences relating to large ?
electric potential differences parallel to the geomagnetic field lines

in the magnetosphere.

Another important result was the discovery of a second type of iono-
spheric acceleration mechanism which preferentially accelerates the per-

pendicular component of the ion velocity.

A third important result was the first direct measurement of the compo-
sition of the storm-time ring current. In the energy range from 1-16
keV the main phase ring current has been found to be primarily composed
of H+ and O+ ions,
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More detailed discussions of the results will be found in the appendix.
Our principal activities during the present reporting period were:

1o The provision of technical planning and liaison for the on-orbit

support of the ONR-118 payload.
25 The performance of surveys of approximately 200 flight data tapes.

3. The detailed analysis of several events in order to establish the i

principal characteristics of the newly discovered phenomena, ; ;i

4.,  The publication and presentation of the initial results to the sci-
entific community.

Publications and Presentations

General reviews of these exciting new results and related earlier work
will be given in invited presentations at the Spring 1977 American Geo-
physical Union Meeting in Washington, D. C. (by Dr. R. G. Johnson) and
at the Third General Assembly of IAGA in Seattle in August 1977 (by Dr.
E. G. Shelley). In addition to the invited reviews, nine contributed
papers nve been submitted to these and other meetings and three writ-
ten papers have been or shortly will be published. A bibliography of
these publications follows and the relevant abstracts, preprints and
reprints are included in the appendix.

N 7 i
G Sl

E. G, Shelley, Prirficipal Investigator
Lockheed Palo Alto Research Laboratory
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SATELLITE OBSERVATIONS OF AN TONOSPHERIC ™7 ~<oo i /| &
ACCELERATION MECHANISM e T

E. G. Shelley, R. D.

Geophysical Research Letters

November 1976

Sharp, and R. G. Johnson

Lockheed Palo Alto Research Laboratory
Palo Alto, California 9430k

Abstract. A satellite-borne energetic ion
mass spectrometer experiment has detected fluxes
of O* and H* ions flowing up out of the iono-
sphere in the auroral and polar regions. The
observed ions have energies in the keV range,
narrow pitch-angle distributions aligned along
the magnetic field direction and ak flux in-
tensities of the order of 109 (cm?-sec-sterad-
keV)‘l. The observations were made at altitudes
between 5000 and 8000 km on both the day and
nightsides of the earth.

Introduction

The existence of large fluxes of energized
ionospheric ions with energies of up to 12 keV in
the magnetosphere was established by mass spec-
trometer observations on the satellite 1971-49A
[Shelley et al., 1972]. This was a 3-axis stabi-
lized spacecraft and so no information on the
angular distributions of the ions was obtained.
The measurements were in the loss cone at alti-
tudes of about 800 km and represented the precip-
itating component of the ion fluxes. The exist-
ence of an ionospheric acceleration mechanism
leading to the energization of the observed ions
was inferred from the measurements, but no direct
observatlions of the mechanism in operation were
obtained. Other evidence implying the existence
of such a mechanism was cbtained from electrosta-
tic analyzer experiments on ATS~6 and IMP-7. Al-
though these instruments could not directly det-
ermine the species of the measured ions, their
probable jonospheric origin was inferred from
their morphological characteristics., Field-
aligned structures of low-enerpgy ions referred
to as "source cone structures" were reported by
Mauk and McIlwain [19751. Bouncing clusters of
heavy ions of probable ionospheric origin were
reported by McIlwain (19767. Ton fluxes inter-
preted as streaming O' were detected by the IMP-7
experiment at geocentric radial distances of
~ 35 Rg in the magnetotail [Frank et al., 1976].

Observations

This letter presents preliminary results from

a newly-orbited ion mass spectrometer experiment
on A spinning spacecraft which for the first time
allows detailed pitch-angle distribution measure
ments of jons with identifiable mass-per-unit-
charge. The gpacecraft is in an elliptical polar
orbit with apogee in the polar regions at - HOOO
km altitude and so allows a search for newly ac-
celerated ions streaming up the field lines from
the ionosphere below., The instrument is an im-

Copyright 1976 by the American Geophysical Union.

proved version of the one flown on satellite
1971-89A [Shelley et al., 19727 end like that in-
strument consists of three individual mass spec-
trometers operating in different energy ranges.
Each spectrometer acquires a 30-channel mass-per-
unit-charge spectrum at a single energy-per-unit-
charge every second. FEvery 16 seconds, this
energy-per-unit-charge setting is cycled through
one of four values, allowing a 12-point energy
spectrum to be acquired every 64 seconds. (The
1?2 measured energv-per-unit-charge values are
0.50, 0.68, 0.94, 1.28, 1.76, 2.4, 3.3, 4.5, 6.2,
8.5, i1.6, and 16.0 keV.) The satellite is spin-
ning about an axis perpendicular to the orbital
plane at about 3 RPM and %he spectrometers are
oriented perpendicular to the spin axis so that
an angular distribution measurement at three ener-
gies over an angular range of about 290° is ac-
quired every 16 seconds. The experiment also
contains four electron detectors operating in the
keV range similar to those described by Reed et
al. (1969].

Scans of the mass spectrometer data from the
first faw orbits for which data were available
showed several examples of ions streaming up the
field lines. Two examples, one on the dayside
at high latitudes and one in the nightside aur-
oral zone were selected for this preliminary re-
port. Both examples occurred during comparative-
1y quiet magnetic periods.

Figure 1 shows ” segment of data from the low-
enérgy mass spectrometer acquired in the northern
polar region at a local time of about 1430. The
relative responses of the O* and H' ions are
plotted versus time and can be compared with the
pitch angle determined from the on-board magneto-
meter shown in the upper panel. The energy-per-
unit-charge of the measured ions is also indi-
cated, One sees sharply peaked pitch-angle dis-
tributions for both 0' and H' corresponding to
ions streaming up the field lines from the iono-
sphere. A preliminary estimate of the absolute
flux intensity corresponding to the peak proton
response illustrated is = 108 (cm@-sec-sterad-
keV)~l at 1.28 keV. The lowest panel of Figure 1
shows the response of the electron detector which
sampled the energy range 0.37 < E < 1.28 keV.

The deep minima corresponding to the atmospheric
loss cone are clearly evident at the same loca-
tions as the ion penaks.

The mass-per-unit-charge spectrum of the ions
measured at 1.28 keV per charge during one of the
angular scans through Lhe loss cone region i

shown i1 Figure ', One sees that there are sip-

nificant H' and o' fluxes but no evidence of the

helinm ions which have been detected on other

occasions with the 1971-19A experiment [Johneon
654
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e ANGLg‘ DA S this occasion was significantly narrower than ex-

180°t- pected from the response function of the inotru-

ment and than was obsarved in the fi{rat cvuant

shown in Figure 2. This probably was due to

F temporal or spatial fluctuations during the four-

second period of the measurement and is poasibly

O‘L indicative of turbulence associated with the ac-
celeration mechanism. The K. value during the

period of these observationapwas 2=. The ZKp for

K)OE'o.ss 050 MV -vi- 094 MV —+}- 126 heV o=~ 068 WV the entire day of July 13 was 97,
L heV

Summary and Conclusions

We can infer some characteristics of the iono-
spheric acceleration mechanism from these prelim-
inary observations. It is effective in both the
dayside and nightside ionospheres, over a wide
range of latitudes, even during magnetically quiet
times. Tt operates below =~ 6000 km. It has a
relatively high occurrence frequency. Individual
events have a latitudinal-width/temporal-duration
corresponding to up to a minute of satellite trav-
el with possible fine scale turbulent structure
superimposed. The process is not accompanied by
strong pitch-angle diffusion since the observed
ions are well collimated along the field line.
The process accelerates both H' and O* in compar-
able intensities and to roughly comparable ener-
gies with other species being as yet unobserved,
The peak differential flux intensitieg observed
at about 1 keV are of the order of 108 (cm2-sec-
sterad-keV)-1. A1l of the cases observed to this
time occurred in regions of precipitating auroral
electrons. 1In the cases studied, field-aligned
ion fluxes were not observed returning from the
other hemisphere. It is not clear yet whether
the observations are taking place on open or
closed field lines or both., (The electron fluxes
in each of the examples shown here have indica-
tions of an additional loss cone at 180° in some

uT 0710:00 0710:20 0710:40 spins and not in others.)
L 245 242 239 We can further conclude from these observations

ALT, km 7664 7677 7691

100

10

COUNTS/INTERVAL

E | el

HO

Fig. 1 Data from Revolution 67 on July 17, 1976. 150, i
The upper panel shows the pitch angle of 0710:40 - 0710:44 UT
the measured particles. The two center .28 kev PER CHARGE
panels show data from the mass spectro-
meter at the indicated energies, and the
lower panel shows electron fluxes in the
energy range from 0.37 to 1.28 keV. The
relative temporal precision of the plots 100
is about one second.

et al., 1974; Sharp et al., 19747]. During the
period illustrated in Figure 1, the higher energy
mass spectrometer channels also showed evidence
of field-aligned fluxes with energies of up to
L.5 kev for O* ions and up to 2.4 keV for protons. 50
Those fluxes were substantially weaker than those
shown, at the lower energies, in Figure 1. The Kp
value for the period of these observations was 1.
The entire day of July 17 was relatively quiet
with a 7Xp = 117,

The second example shown in Figure 3 is from
the northern auroral zone at a local time of
about 21 hours on July 13. The format is similar 10 20 30
to Figure 1. Again one sees both 0 and H* flux- CHANNEL NO.
es streaming up the field lines. The mass-per-
unit-charge spectrum during the second of the two Fig. 2 Mass-per-unit-charge spectrum on Revolu-
ion peaks 1s shown in Figure 4. The H* peak on tion 67.

COUNTS

b ———————— i e
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Fig. 3 Data from Revolution 35 on July 13, 1976.
The gquantities plotted are the same as in
Fig. 1.

that the ionosphere is a significant source of
magnetospheric proton fluxes as well as energetic
0* 1ons and that further acceleration to higher
energies than is observed here is needed to attain
the ion energies seen in the precipitating popula-
tion during storms [Sharp et al., 1976].

In conclusion, we have made direct observations
of the products of an ionospheric acceleration
mechanism and described some of the characteris-
tics of that mechanism. Further studies of its
morphology and of the detailed mass, energy, and
angular distributions of the accelerated ions will
follow.
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ABSTRACT

o' ions with energies of approximately 1 keV have been observed
flowing upward out of the ionosphere with a pitch-angle distribution
having a minimum along the magnetic field direction and maxima in
about the 1300*1h00 range. The measurements were obtained with an ener-
getic ion mass spectrometer experiment on the satellite 1976-05B at an
altitude of about 7600 km in the northern dayside polar cusp. The data
are interpreted as resulting from a mechanism which accelerates ambient

ionospheric ions in a direction perpendicular to the geomagnetic field.

INTRODUCT LON

In a previous publication [Shelley et al., 1976] we reported the

observation of intense fluxes of upward-flowing ions with enecrgies in

the keV range and narrowly collimated pitch-angle distributions aligned
along the magnetic field direction. Such pitch-angle distributions are
suggestive of an acceleration mechanism primarily acling on the compon-
ent of the ion's velocity parallel to the magnetic field, such as field-
aligned DC electric fields. 1In this brief report, we show an example of

a different class of phenomena, i.e., an ionospheric acceleration mech-
anism which acts on the perpendicular component of the ion's velocity. Our
preliminary analysis indicates that this process is observed much less fre-

quently than the process which acts primarily on the ion velocity component




parallel to the magnetic field.
The measurements to be described were obtained from an experiment on
the satellite 1976-65B which is in an elliptical polar orbit with apogee
at about 8000 km altitude. The satellite is spinning at 3 RPM with its spin
axis perpendicular to the orbital plane. The particle spectrometers are
] mounted with their view directions perpendicular to the spin axis. The {
experiment consists of 3 jon mass spectrometers and )i electron spectro- ]

meters similar in design to those described previously [Shelley et al., i

1972; Reed et al., 1969). The energy ranges and geometric factors of j
the electron spectrometers are listed in Table 1. The ion mass spectro-

meters each acquire a 30-channel mass-per-unit-charge spectrum at a single
energy-per-unit-charge every second. The energy-per-unit-charge setting

is eycled throngh b yalyes every 64 seconds, remaining on each step for 16

seconds. Thus, a 12-point energy spectrum is acquired from the 3 spectro-

meters every 6l seconds. These 12 measured energy-per-charge values are

also listed in Table 1.

The data to be described here were acquired during a traversal of the

dayside cusp on July 2?9, 1976 at a magnetic local time close to noon and an

altitude of about 7600 km. Large fluxes of upward flowing 0" ions were ob-

served during several satellite spins over the interval from 7“.70 to 76.h0
in invariant latitude. The fluxes had a characteristic pitch-angle distribu-
tion with a minimum along the magnetic field direction. The data from the low-

est enerpy mass spectrometer (CXAl) plotted against universal time are shown

in Figure 1. The arrows indicate those times (once per spin) when the instru-
ment was oriented ncarly parallel to the magnetic ficld and pointing downward. }
The «rdinate is counts per 3/16-second counting intorval from the m/q -

s ' .
16 portion of the mass-per-charge spectrum. The O f(lux level corres-




“N=
ponding to the peak response cequals approximately 5 x 106 (cm?—unu-stvrad-
kev)-]. The occasicnal gaps are due to loss of data. The switching of
the enerpy-per-charge setting of the spectrometer every 16 seconds is in-
dicated in the figure. The observed 0‘ fluxes were quite soft being gen-
erally below the sensitivity threshold level of the higher energy spectro-
meters. The fact that no ()+ fluxes were detected during that portion of
the spin cycle when the instrument was pointing upwards shows that the ob-
served particles were not trapped ions mirroring at lower altitudes but
were injected from some source region below the satellite.

The relationship of the upward flowing o to the polar cusp ion and
electron fluxes is illustrated in Figure 2, The abscissa shows universal
time on July 28, 1976; peographic longitude and latitude; altitude in kilo-
meters; invariant latitude in degrees and magnetic local time. The four
lowest panels show the logarithm of the counts per half-second counting
interval for the electron spectrometers. The next panel'indicates the
pitch angle of the measured particles (180° pitch angle corresponds to
particles moving upward out of the ionosphere antiparallel to B). The
two upper panels show the logarithm of the counts from ions with m/q = 1
or 16 as indicated, summed once per second from the three mass spectro-
meters, giving an approximate relative measure of the total flux of the
relevant species.

A possibly sipgnificant feature which can be seen in Figure ? is that
incoming fluxes of both electrons and protons maximize in the latitudinal
region of the 0+ acceleration. 1In searching for a causative agent for
this acceleration therefore, it is tempting to look to these particles

for some evidence of interactions, or the lack thereof, below the satellite




in the region of the ionospheric acceleration process. In examininy, the

data in Figure 2 we see that the proton fluxes in this region generally
show a wecll-detfined loss cone while the electrons show significant evidence
of loss cone f'illing. This probably indicates that the electron: are exper-
iencing substantial pitch-angle diffusion and that the range of pitch angles
depleted of electron t'luxes by atmospheric interactions is partially filled [
in by pitch-angle scattering below the satellite. The proton data, on the
other hand, are indicative of a lack of such strong pitch-angle scattering.
In order to make a more detailed examination of the ion pitch-angle
distributions in the latitudinal region of the acceleration process we
have selected for further analysis the data from the three consecutive
spins of the satellite where the fluxes were most intense. These are
indicated as spins 1, 2, and 3 in Figure 1. The upper
panel of Figure 3 shows the o' data from CXAl during this period plotted
versus pitch angle. Time varies from left to right along each curve, am !
the times at which the instrument cycles from one energy step to another

are indicated. There are occasional missing points due to gaps in the ;

—

acquired data. The pitch-angle distributions maximize in the range of
about 1300—1h00. This is consistent with a mechanism operating below the
satellite which primarily accelerates the perpendicular component of the
velocity of the ambient ionospheric O+, producing energetic ions with
essentially 90o pitch angle. These ions would then mirror and move up-

ward obeying the first adiabatic invariant, so that the maximum in their

pitch-angle distribution folds outward into the characteristic distribu-
tion observed at the satellite altitude. If this simple model is valid, l
the acceleration process had its maximum intensity at an altitude of L0OOO

to 5000 km.
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The two lower panels in Figure 3 show the m/q - 1 data for the two
lowest energy spectrometers during this same period. One sees that ions
are observed coming from the upper hemisphere as well as from below the
satellite. Thus the upward-moving H+ could result from ions incident
from the cusp and mirroring below the spacecraft. Since temporal and spa-
tial fluctuations in the ion flux levels can occur on a scale commensur-
ate with the spin rates one cannot rule out the possibility that some
component of the observed fluxes is newly-accelerated H+ of ionospheric
origin.

In order to investigate this question further and to search for
minor ionic species, we examined the mass-per-unit-charge spectrums of
the observed ions summed over two different ranges of pitch angle during
this same period. One range was set to include the newly-accelerated O*
ions and any other ions which might have originated or mirrored in that
same altitude region. The second range included all ions incident from !
the upper hemisphere plus those mirroring below the satellite at altitudes
above the acceleration region. These spectrums for the three spectrometers
are illustrated in Figure 4. The most dramatic difference between the two i
sets of spectrums is, of course, the presence of the o' in the acceleration
region in CXA-1. One seesin the incident flux region in all 3 spectrometers
the HeH ions which are the clear signature of the solar wind origin of the
cusp particles., There is very little He*+ apparent in the acceleration

region. This might be taken to imply that some fraction of the protons

in this region were accelerated from the ionosphere, since in that case f

+
they would be unaccompanied by He +. Unfortunately, however, the differ-

N
{

ence in the He++/}l+ ratios between the two regions is not definitively




statistically significant. Tn the incident flux region the He' /H' count
ratio summed over the three mass-per-unit-charge spectrums equals 0.052 +
0.011 while in the acceleration region the same ratio equals 0.024 + 0.013.
No significant evidence is apparent for He+ which could be either newly
accelerated or result from charge exchange of the incident He+‘.

One additional test which can be made for evidence of newly acceler-
ated H+ ions in the acceleration region, or for evidence of some interac-
tion and energy loss of the incident H+ ions, is to examine the H+ energy
spectrums averaged over the two regions. Since the spectrometers cycle
through energies only about once per spin it is not possible to obtain a
full twelve-point spectrum simultaneously, and in a region of structured
fluxes such as we have here it was felt that such a spectrum would not be
significant. 1In any one spin, however, a three-point spectrum is obtained
from the three spectrometers simultaneously and these spectrums, averaged
over adjacent portions of the "acceleration" and "incident flux" regions of
pitch angle are illustrated in Figure 5.

One sees that thereis no significant evidence for sources or inter-

R}

+
actions of the H ions in the 0O' region.

SUMMARY AND CONCLUSIONS

We have examined some characteristics of an ionospheric acceleration

mechanism which operates on the component of the ion velocity perpendicular

to the magnetic field. The process was found to occur in a region of strong

incident proton and electron fluxes from the polar cusp. It had a maximum
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intensity at an estimated altitude of = L4O00-5000 km. The cusp protons did
not exhibit evidence of a strong interaction in the acceleration region while {
the cusp electrons had significantly filled loss cones which we have tenta-

tively interpreted as the result of pitch-angle diffusion. An alternative i
explanation could be the existence of a parallel electric field below the
spacecraft which could raise the mirror altitude of the measured electrons
above the atmospheric interaction region., If such a field exists then ii
the altitude at which the mechanism shows its maximum intensity may be lower

than the above estimate indicates. 1If the mechanism is triggered by some

C -
threshold level of electron fluxes, that level is of the orde: of 10) e /

2
cm -sec.
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CMEA
CMEB

CMEC

CXAl
CXA2

CXA3
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Electrons

Electrons
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Electrons

Tons

Ions

Ions

Table 1

DETECTOR CHARACTERISTICS

Energy (E, in keV) or o
Energy-Per-Unit-Charge GAE (cm -sec-str-keV)

0.07 = 0.2k 1.2 % 1076
0.35 - 1.1 6.5 x 107°
1.6 ~ 5.0 1.9 x 107
7.3 — 2l 6.5 x 107

0.50, 0.68, 0.94, 1.28
Depends on
1765 2.0, 303 Rl jon species
~ TX10°OF
6.2, 4.5, 1.6, 16.0




Fig. 1

Figr.

Fig.

Fig.

Fig.

=10-
FIGURE CAPTIONS

o' data from the lowest energy mass spectrometer (CXAl) at the
times indicated, on July 29, 1976. The arrows indicate those
times (once per spin) when the instrument was oriented nearly
parallel to the magnetic field and pointing downward. The
numbers above the panels are the energy-per-unit-charge setting

of the spectrometer (in keV).

Survey plots showing the ion and electron data during the

traversal of the polar cusp on July 29, 1976.

Ion data showing detailed pitch-angle dependence of the low-
+ +
energy O and H fluxes during the three spins indicated in

Figure 1.

Mass-per-unit-charge spectrums averaged over two different

ranges of pitch angle (see text for details).

Energy-per-unit-charge spectrums averaged over two different

ranges of pitch angle (see text for details).
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COMPOSITION O' THE HOT PLASMA
NEAR GEOSYNCHRONOUS ALTITUDE

R. G. Johnson, R. D. Sharp, and E. G. Shelley
Lockheed Palo Alto Research Laboratory
3251 Hanover Street
Palo Alto, California 9430k |

ABSTRACT

Althowrh there have been no direct measurements of® the composition

i
of the hol (kev) plasma at geosynchronous altitudes, the combination of {
!
other observations lead Lo the conclusion that, at least during peo-
macnetically disturbed periods, Lhere are significant (luxes ol ions H
heavier than protons in this region. Ton composibion measurements below |
1
{
& ! 3 " G o+ 4, 5
9000 km altitude show upward streaming fluxes of both O and H jons in {

the L-region of the geosynchronous orbit., These observations are consis-
tent with the conclusion that at least a portion of the total ion [luxes

observed at geosynchironous altitude to be higrhly peaked near the miapmelic

= 2o

field lincs arve heavier than protons and originate in the ionosphere.

|
|
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1. INTRODUCTTON

Quantitative measurements on the ion composition of the hot (keV)
plasmn near ceoosynchronous altitude have not yebt been performed.  'Thus,
the plaama composibion in this region of bthe magmetosphere must be inferred
primarily r'rom composition intormation cobbained at other focations i Lhe
mymelosphere.  Prior Lo the work of Shelley of al)' it was penerally belicved
(or assumed) that the dominant, ion species in the hot miymetospheric plasma

4 5 .
was always hydrogen (J[ ) and thal the source of the ions was the solar wind.

S - ; : + . !
Thare is increasing evidence that energetic oxyqen (0°) and heliwa (He )
ions of ionospheric origin are frequently significant components in the hot
plasma and that during jeomagnetically disturbed conditions O ions may be
the dominant hot plasma ions in some recions of the magnetosphere., Satellite
measurements ot low altitudes (near €00 km) during magnelic storms have shown
that larie luxes of O iong in the enerpgy range 0.7-12 keV are precipitated

. s 3 ¢ 5
alongs with I ions from the magnetosphere at magnetic L-shells corresponding to

the region of reosynchronous altitude (Sharp et al.™® und ghelley el al.'),

iy

1 Shelley, E. G., Johngon, R. G.,, and Sharp, R. D. (1972) satellite observa-
Lions of enerpetic heavy ions during a peomagrrnetic storm, J. Geophyo,
Rivgeg o wofofe G100,

Shinrp, K. Doy Johnsons Re G., and Ghelley, B. G (J'Vh-'\): The morpholopry
of enerrebic O fons duringe two magnetic storms: Latitudinal varialions,

¥ 28N

$)
L &t

J e Geophiys. Red,

S BSharp; R. D:, Johnson, R. G., and Shelley, E. G. (1976) s The morpholory
ol enerelic OV ions durin: two magnetic storms: Temporal variabtions.

1)
e 2 e

da Grobhiyn. WNeaney 61

Y Shelley. B. G., Johnson, R. G., and Sharp, R. h. (197): Morphology of
ener-ebic 0 in the mymelLosphere, in Magmetospheric Physich, Be M.

McCormac, Kd., D. Reidel, bordrecht, Netherlands, pp 139=130.
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Satellite measurementls at intermediate altitudes (near d000 km) have shown

Sl it : :
that large fluxes of O and H ions in the keV range. are being accelerated
out. of the ionosphere and injected into the magnetosphere over a wide range

1 5]

o’ marmetic L-shells (Shelley et al.”, Johnson et ul.“, and Sharp et al.”).
Under certain impulsive magnetospheric conditions which produce velocity dis-
persion of the trapped lons, measurements at geosynchronous altitude indicate
that ions heavier than protons are present in Lhe kilovolt energy range
(McIllvain®). Thus, it appears likely that sipnificant (luxes of ions olher
than prolons are present near preosynchronous altitude atl, least Cor some mag-
netospheric conditions. In this paper, discussion of the composition of the
hot, plasma is limited Lo particle energies less than 50 keV since the dominant
plasma density and energy near geosynchronous altitude is produced by particles
in this enersy range. Composition measurements at higher encrgies and thelir

importance to magnetospheric processes have recently been reviewed by Frate®.

Shelley; K. G.s Sharp, R. D., and Johason, K. G (I‘,'{’l ), Satellite obuerva-
tions ol an ionospheric acceleration mechanism, Geophys. Res. Lelbtors,
3 GO

& Johngeon, R. G-, Sharp, R D.y and Shelley, T G, (19¢6) Characteristics of
upward-[lowing, cnercebic (kev) ions during a geomagnetically disturbed
period, E0S, 5f: 99=. ]

Shiarp; Re D., Shekley s e Gay and: Johnsotts R, G (1o76) Observation of an
jonospheric aceolerabion mechanism producing cnerpelic (I'.-.'V) fong primarily
normal Lo Lhe peomaymebic field direetion, submitted Lo the J. Geophyi.

Res.

MeLlwain, C. B., Bouncing elusters of ions at seven earth radii, (1)

BOG s DBl s

pritz. T. Ao (1979) Ton composition, Procecdings off Lhe Tnbernabionid Hvim-
posium on Solar-Terrastrial Physica, Vol. IT, D. J. Williams, BEd., publ.

by American Geophysical Union, pp 716-729.
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i
The importunce of knowirne the ion composition of' the plasma and the
; y . .4 . . . . . .
detailed e¢ner;y and ancular distributions of the ion species for modeling
the secondary emission effects, current balance, shealh characteristics, clc. !
during spacecraflt chareing events is discussed in several olher papers in f

Lhis proceeding and will not. be reviewed in this paper. However, for highly
anisotropic ion fluxes and certain spacceraft confipurations it is possible

to have lirited ropions of a aspacceralt acquire a larpe positive poteptial

vith respect to the plasma, in contrast to the lavye nepative potenbinl
senerally observed and discussed. This possibility of larpge positive potentials

will be diseussed in conjunction with the observations of intense ion fluxes

alipgned nearly parallel with the geomagnetic field direction.
For the purpose of the present discussion, the information presented on
the composition of the hot plasma in the magnetosphere will be divided into
the three poreral ecatepgories of low, intermediate, and high altitude satellite !
measurements. The reported observations and plasma composition results in ‘
{

these altitude rerions are briefly roviewed and their significance to the peo-

aynchronous altitude environment is djscussed,




2 OBSERVATIONS AT LON ALTITUDLS ]

The most extensive measnrements on the composition off the hot mag- 4

netospheric plasma have been obtained with an ion mass spectromeber aboard i

’
the polar orbiting 1971-089A satellite near 800 km. The satellite was three- }

axis stabilized with one axis always aligned near the carth's radius veclor.

Aad

I
. 5 " a =0 . .
The jon mass spectrometer was oriented at 55 to the zenith and thus nearly k
always sampled ions precipitating from the magnetosphere into the almosphere., i3
|
The spectrometer coverad Lhe enerpy range lrom 0.7 to 12 keV and the mass range !
from 1 to 32 AMU and the data were acquired primarily during the yeriod t'rom ’
< Y i |
October 1971 Lo December 1972. i
1

; . . * I o Ty
The most prominent ion observed other than H was 0 . ‘he 0 intensities
wore larpest during principal mapgnetic storms (Shelley et al.®) bul sipniticant

fluxes were also observed during magnetic substorms (Johnson et H R T

N0
&

N v N * . . . 5
detailed study of the morphologmy of the O ions during the rather classic 17=10
pocember 1971 marncetice storm has been made and reported in the literature (Sharp

4

- - o5
et al.” »°). UNigure 1 from Shelley et al.! shows |I and O data from O consecu-

Live satellite traversals of the nightgide ((),-)")U ],'1‘) hirh latitnde regions during

V

the main phase off the storm. The ordinate is approximatoely proportional Lo Lhe

interral pumber Clux in the instrument enerpy range from Q.7 Lo 13 keVe The

S Jobdison, Re ey ahinip, R Doy and Shelley, . G (1%) Composition of the
hot plasmas in the mymetosphere, in Physics o bhie Hot Plasma in tho
Mumetosphere, B, Hultgvist and L. Stenflow, Fd.. Plemun Publiching

(.‘«vv'f‘"..T‘i\)'“\-l vork, pp 45-068.
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. . v . ." » A
principal features of note are: 1) the O fluxes at L-shells (near L = 6.6,
-.,0 g SN . .
}‘L = 67 ) .corresponding to peosynchronous altitude can be comparabile in in-

! : : . . 5 .
tenaity te the I rluxes,?) the latitudinal distributions ol both species have [

signiticant structure and vary from pass to pass, and 3) al a given location ;
3

the relative composition of the flux changes f{rom pass Lo pass, {

s . . : 3 R & il S < s
The locations in magnetic latitude of the O and I precipitation regrions

!

% s 9 9 3 o 5 ’ {

throughout, the time period of the magnetic storm are shown in Fipure 2 &
¥

4

= ¢ 4 : N - | e
(John::(m et al.t '). The interral enerpy flux of the O and If ions was compuled

" A (e} . an@ : 3 Lo
over the latitudinal range L0~ < AL < 807 and the cirecle for the H ions and

S . o s - \ N .
the square (or the O iong in Migure 2 represcrnts the ‘)U% point in the Zone
interral with the bars representing the 10% and vO% points in Lhe cane inbepgral.
'rom thic Cijcure it is seen that significant O procipitation is freguently oc-
curring during the storm at magnetic latitudes (rear /\L = 0O/ ) corresponding
to the gecsynchronous altitude.
The latitudinal dependence of the average precipitation intensity dwrin
the entire period of the storm (0532 UT on 17 December to 11%0 UT on 18 December)
is chown in Firure 3. It is seen that at mapuetlic latitudes near 07 deprees the
i + A L S
0 and Il rluzes are comparable when averapged over the storm and that, Lthe O
1 ' Eh : s 0 gy L
jon intensitics excecd Lhe proton intensitics below 657 magthetic labitude,
: . p v ALy’ 3 ' B i
Phe cnercy disbribntions off the precipitabingg O and 10 dons wers Found
Lo be hichly variable ab ol mancetic labitudes (Ghelley of a1t ). The averape
. ‘ . . . . .
cnerpey Por the O fons in the measured cnerpy range daring: Che storin=time period

is shown in FMieure oand is scen Lo be about 9 keV near the napgnetic latitudes
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appropriate to the geosynehronous location.
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To asseca the local Lime dependence of the O precipitation during
meretic storms, a synophic study was made of data Crom one year's operation
ol the ecner-lic ion mass spectromeber aboard the 1971-089A satellite (Shelley

a O . . o . . » 4
et al. ) Data were ulilized I'rom three orbits in each of eleven principal

- 3 3 c 1 . 7 . = N \ i gy +
magnetic storms during the period from December 19/1 to November 1972. O
ion precipitation was observed during each of the storms. The latitudinal
extent and local magnetic time distr hution of the O reypions are shown in
Figure 5 from Shelley et al.” . The dot indicates the position of the maximun
flux intensity durin: each pass and the lines indicate the position of the pass

during which the (lux was above the speetrometer sencitivity threshold of about

)

2
2 P 2 . e . A
2 x 10° ions/em -sec-sr, WFrom these data, it is en that O luxes were

frequently obaerved ath the peosynchronous Li-shells at essentially all local
times, except for possibly a few hours near 1200 local mapnetic Lime. The peak
» . v Y A.(/ e ¥
fluxes were typically in the range 5 x 10° to W x 10" /em -see-sr. The O peak
intensities near noon were found to be, on the averape, about a factor ol ten
lower than near the midnipght sector (Shelley et al.?).
IA .
Precipitating O [luxes have been observed with the Same spectrometer in

association with magnetic substorms (Johnson et al.l®). The peak intensitics
y

5 5 = | » BN ¢
were in the ranere of 3 x 107 to 3 x 10 ions/em ~sec-ur and were observed al

L-sh2ells corresponding to Lhe geosynchronous albitude,
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Precipitating fluxes of He and He  were also observed with the 1971-
039A satellite on L-shells corresponding to geosynchronous altitude (Johnson
Y EY . ol i = R AT P . e
et &l."" 5 sharp et al. ). The He and He fluxes were observed much less
1
frequently than the O fluxes and their intensities were much less than thos i
+ i
typically cbserved for the 0 ijons during magnetic storms. Ilowever, based on I8
3 ey : : : 3 ! , § +
ion lifetime considerations, Tinsely*®and Lyons and Evanst?  couclude that He
is most likely the dominant ion in the late-time ring current.
Rocket measureucnts with ion mass spectrometer al altitudes below 1000
. = ! bt + ;
km have also shown the presence of encrgetic le and 0 iong in the magnetosphere
(Whalen and MeDiamid' D and Lynch et al.l®). These measurements have been made
near Bt. Churchill, Canada and thus have been limited Lo the high mayrnetic lati- -
tudes near L 9.
11 fohncon. R. G., Sharp, R. D., and Bhelley, B. G. (19f4) The discovery of
enericbic He' ions in the magmetosphere, J. Geophys. Res., AT e
12 gharp, R. D., Johnson, R. G., and Shelley, E. G. (1974) satellite §
measuremente of auroral alpha particles, J. Geophys. Res., 79: 5107, 3
Minsnly, Be Ks (1976) Evidence that the rocovery phuse ring current
cansists ol haelinm ions, J. Geophys. Rivsias vls HOLOBE
4 pyont, T Re, aud Bvans D. 5. (1976) The inconsiuboney betweeh proton
apree exchianre and the ohserved ring current deciy, .J. Goophys. Rese,
| 7 48
1 LiViea Yo A . ’ t Y yern ) >4 $Y 47D 1y . SRR UL . eyt
Whalen. 1. Ae. ond Mebiarmid, T. B. (1972) Further low-cieryy auroral
ion composiLion measurements, J. Geophoraie By 00 1300,
Lytich, J.s Pulliam, D., Leach, R., and Scherb, K. (1976) The charge
I rim 0! positive ions in a hydrogen aurora, J. Geophyii. ReS.,
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3. OBSERVATIONS AT INTERMEDIATE ALTITUDES

Preliminary recult
spactrometer experiment

Liptical polaxy oxbil wi

o ure now available from an cnersetic ion mass

abeard the spacecraft 1976G-058 which i&s in an

Lh apopen near 8000 km (Shelley ol allt).  The

craft is spinmimes and provides for the first time detailed pitch angl

butieon measurcments with identiCiable mass-per-unib-charge. ‘The cexperiment

covers the oney

t

from 1 to 150 AMU.

1

Field lines with intens

ions/em -sce-sr.

local marmetic tine ran

{
masnetic storms upward
served in the range of
rorions at reosynchirone

I
1

upward streamily; H 11

$ I
0 and I ions are

The upward streaming ions

sus altitude. During the 2 Aupust 1970 magone

vopor-unib-charge vange from 0.5 Lo 16 keV and the mass range 3

I~ i
=

(il

spachn-

o digtri=

frequently observed streaming upward along magnetic

m 0900 Lo 2000 hours.

ge thus Far examined fr

streaming Cluxes in the evening scebor agce

Q
. ) t ‘ . . \’,
ties of both O and I often found Lo be near 10

have been observed over all the

tude distribubions of these iops have not been determined in detail but during

( O : . :
h‘)) to 707 magnetic latitude, tGhus spanning the L-sholl

i ' - . y
0 fluxes were observed continuously over a 1atitudinal

The lati-
v
quently ob- 1
i
Lic storm £
L
f
4

extent of several hundred kilometers. The ener(y distributions of the ions ex- t

tended to at leaslt 0.9
spectynams

durinme quiet as well as

(.i' hrgon Al

i :
keV and the O energy speclrums were lroequed

11.7) . ‘the upward streami

disturbed mamnetic periods.

1y harder than

are onsjervad
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The mvaddar distributions off the upstreaming ions are often shueply

peaked alony the magnetic field lines. A typical example of* thio

(Shelley et al.”) is shown in Pigure O for a sepment of' data acquired in the
northern auroral recion at a local time of about 21 hours on 13 July 1976.
The relative flux intensities of” the o' and IIV' ions are plotled verisus time
and ecan be compared with the look direction of the instrument relad ive to the
mumnetic ficld diveetion (upper panal) as determined f{rem the on-board mi ‘-
noetometer. The encrry-per-uniti-charge of the measured ions is also i dicated
above the O panel. One ean readily see the sharply peaked anpular uishribu-

: S : 12 : L :
fions of both the 0 and Il ions. The peak upstrewniyyg: O flux obuerved cors-

) -
o) X

rogponds Lo abouls 10 ](;n:‘./uuf —gec-sr-keV. The lowest panel shows Lhe response
of Lhe electron debector which sampled the energy range 0.33 € B 120 kaV.
The deep minima in the elecbron flux at pitch angles corresponding to the

mospheric loss cones are clearly evident at the same locations as the ion

i

praks.,
WV

The forecoing Lype of anpular distributions for the ions and electrons
3 !

ould Iead Lo a net positive upward streaming Flux al angles near the mapmoetie

field dircebion. Tr an anistropic flux of this type is incident oit & gpacecralt

with a hole in the outer skin, then a non-conducting surface on @ component
incide Lhe skin and on Lhe same magnetic field line as the hole will hecome
nosibively eharped providingg the hole subtends an ansle from the component,

ielnes equal bo or less than the piteh angle range over fehr the positive

jon tlux is larper than the nlectron flux. Ascuminge that the clectron 'luax is
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Ircltron Cluxes in the gnerpy range {frem Q.37 to lL.20 keV,

The relative temporal precision of the plots is about one

cond (from Shelley et al.®).




BEST AVAILABLE COPY

&3 | : T %A
b GrV & é A : e R LAWY J |

Leher Ghan the ton Clux ol Lhe larger piteh angles (which is Lypical) then

a larce neralive polential could Be formed on the component surface adjacent
; { oJ

Lo

it

the

a larce positive potential. This confipguration is illustrated schematically
Pigure 7, and Lo simplify this example, the secondary electron emission trom

surface is assumed to be neplipgible. The surface position L on the coumponent

lies alone the mapnetic field line through the hole in the spacecraft skin.

surtace is related to the pitch angles subtended at the hole in the

riles 1. and 1. are taken to be less Lhan the pitch angle range over which the

lux is greater than the electron flux so thal a positive potential will
sur al. position L. Pesition N illustrates a surface rorion at angles between

and n. to the macnetie field direction where the electron (lux is larper than

i

ion “luz. At this position a nepalive pobtential will ccceur. AL some position,

Lhetwensn M and I the electron and ion fluxes will be equal and a zero potential
i

i1 oeccur. It can be seen that the surface charging at each position on the

in and thus,
} ]

analory Lo pinhole cameras for electromagnetic radiations, this will be re-

"

‘arred to ac Lhe nivhole camera charging effect". Althouprh iLb has been illustra-

For = nel positive Flux along the field line, an anisolropic electron 'lux

111 also produce a potentinl pradient across the surface in essentially the same

r. o Anobher case Lo consider in relation to Lhe pinhole camera chuarging effecl
Lhee one in which Ghe spacecralt skin in charged highly nesative.  In Lhis case,

sobropie ion Flux could be produced by the acceloeration ol the ions alobg

Field Line by the spuceerafll, surface potential while the cleetron flux
‘hitgr the spacecral’t surface al angles near the magnetic field direelion is

duced by Lhe nejative potential of the surface.
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h OBSERVATIONS AT SYNCHRONOUS ALTITUDE
: A R |

Ixtensive meacurements on the electron and Lolal. ion characteristics of
the hot plasma at reosynchronous altitude have been made with instrunents
aboard the ATS-5 and ATS-G satellites (Deforest*”and McIllwain'®). Althoush
A instrumentation could not distinguish the ion upecies, analysis of bouncing
clusters of ions during some types of transienl events ca information
on the ijon masses. In bwo cases, Melllwain® reports that the data are best

< } i i " '
i il He or O ions are assumed for the cluster jons, bul quantitative values
for the flaxed are nel repeorted.
.

Ancsular distribubion measurements on the ATS-6) satellite show that, the ion

fluxes below 10 keV are often enhanced at small pitch angles (Melllwain'®and
. -
14 and MeIllwain*®). An example of this enhancement is shown in Fijure 8
¥ . Y i i P | ;
from the paper by Mauk and McIllwain'® . It is seen that the evhancement ex-
tends to 0.2 keV and to piteh angles well outside the region of the atmospheric ‘
Lo cone of about 5 . Lnhancement of the ions at small pitch angles at syn-
chironous altilude is consistent with the conbinued upwiard tlow of the upward
L7 PePorast, G. B ( (Y {) The plasma environment ol geosyncehronous albitude
This proeocd i
i Medlvain. ¢ B (L975) Auroral  clecbron bemus near e omegre Lie cquithor,
1% i " Lhee ot Placma in Ghe Magrmetosnphere, B. Hulbqvist and L.
Plesam Publ. Corp., New York, 9l.

1

Mok o 3. ey 8nd Mellwiin, €. E. (I‘)/‘)) ATS -6 UCSD auroral particles
exporiment,, IEBE Trans. on Aerospace and Electronic Systems, Vol. AlS=L11,

LieDH
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streamine ionospheric jons observed at lower albitudes and discussed jn Lhe pre-
ceeding section. Thus, it is reasonable to expect similae ion composition in
the peaked ion fluxen at synchronous altitude as is found in Ghe upward flowing
ions on the came L-shells at the lower altitudes.

McIllwain also notes that simultaneous ion and electron f{ield-aligned
veams at the higher energies do not seem to occur. Thus, the pinhole camera
charging eftect discussed in the previous section may be particularly applicable

near ceosynchronous altitudes.

D SUMMARY . .

Plasma composition measuremenls at low allitudes show that relalively large
: St s . by g 7
fluxes of O ions as well as H ions are precipitated f'rom the mapnelosphere at
magnetic L-shells corresponding to geosynchronous altitude. Upward streamingg
¢ and H ions from the ionosphere are also observed on {ield lines threading
bhe geosynchronous location. Observations at synchronous altitude of ion fluxes
hichly peaked at small pitch angles are consistent with the ionosphere as bUhe
source of the ions. Thus, although there are no definitive measurements of the
compositicn of the hobt plasma near peosynchronous altitude, obher obosorvalions
strontly support. Lhe eonclusion that, at least during miemicelic slborms sipnd Cicanl

fFiuxes ol dows heavier than protons are also present, thoere.
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SATELLITE OBSERVATIONS OF AN IONOSPHERIC AC-
CELERATION MECHANISM

E. . Shelley

D. Sharp

G. Johnson (211 at: Space Scicnces Labora-
tory, Lockheed Palo Alto Research Laboratory,
Palo Alto, California 9430l)

R
R

A satellite-borne energetic ion mass spectro-
meter experiment has detected fluxes of 01 and
H* ions flowing up out of the ionosphere in the
aurcral and polar regions. The obscrved ions
have energies in the keV range, narrow pitch-
angle distributions alijsned along; the magnetic
field direction and peak flux intensities of
the order of 107 (em2-sec-sterad-kev)-1. The

observations were made at altitudes between 5000

and 8000 km on both the day and nightsides of
the earth.
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RECENT RESULTS OF ENERGETIC ION COMPOSITION
MEASUREMENTS IN THE MAGNETOSPHERE

R. D. Sharp, R. G. Johnson, and L. G. Shelley
Lockheed Palo Alto Research Laboratory
3251 Hanover Street (52-12/205)
Palo Alto, California 9U30h

A newly-launched satellite experiment employing an cnergetic ion mass spec-
trometer has detected large fluxes of energetic O' and H' ions being accel-
erated up, out of the ioqgsphere, in the auroral and polar regions. Ion
fluxes of the order of 10V (cm2-sec-sterad-keV)-1 have been measured with
energies in the keV range. The measurements were obtained in the northern
hemisphere over an altitude range from about 5000 to 8000 km. FExamples of
two types of events with significantly different pitch-angle distributions
will be presented. In one, the upward-flowing ions were observed with a
peak in the angular distribution of about 10° to 200 FWIM antiparallel to
the magnetic field direction. In the other, the pitch-angle distribution
had dual maxima at about 120° to 1%0° from the magnetic field direction
with a minimum antiparallecl to B.

Recent results of the further analysis of an earlier body of data from a
low-altitude polar-orbiting satellite will also be described. Measurements
during the 5 August 1972 magnetic storm showed pronounced peaks in thce en-
ergy spectrums of precipitating HY, Het, and 0" ions. The cnergy of the
peak increasced with increasing magnetic latitude. Within the resolution
of the measurements the spectral peak occurred at the same velocity inde-
pendent of ion species.

Following recent inferences that helium ions might have dominated the ring
current during the recovery phase of the December 1971 magnetic storm, a
search was made for precipitating helium ions at that time with nopative
results. The implications of these results to the question of the compo-
sition of the ring current will be discussed.




CHARACTERISTICS OF UPWARD-FLOWING, ENERGETIC

(keV), TONOSPHERIC TONS DURING A MAGNETICALLY-

DISTURBED PFRIOD

R. G. Johnson

R. D. Sharp

E. G. Shelley (all at: ©Opace Sciences Labora-
tory, Lockheed Palo Alto Research lLaboratory,
Palo Alto, California 94304)

Upward-flowing energetic ions of ionospheric
origin were observed during a magnetically-
disturbed period on Augnst 24, 1976 with a
satellite-borne enercetic ion mass spectrometer
covering the energy range from 0.5 to 16 keV.
Oxygen ions and protons were observed with nar-
row pitch-angle distributions %nd with peak
intensities of the order of 10° (cm“-sec-sterad-
kov)'l. The ion energies extend to several
and spatial/temporal changes in the spectrums are
common and quite large. The oxygen ion spectrums
frequently extend to higher energies than the
protons. The upward-flowing ions were observed
over a latitudinal extent of several hundred
kilometers.

T
Key
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ENERGETIC (keV) ION COMPOSITION OBSERVA- il
TIONS ON THE S$3-3 SATELLITE
2
R. G. Johnson (Lockheed Palo Alto Research
Laboratory, Palo Alto, California 9430k) B
R. D. Sharp
E. G. Shelley (both at: Lockheed Palo Alto L,
Research Laboratory, Palo Alto, California
9430L)
S
Ion composition measurements on the $3-3
satellite are being made over the energy 6.
range from 0.5 to 16 keV with an ion mass
spectrometer consisting of a Wien velocity s
filter followed by an electrostatic analyzer.
H*, Het, He*t* and Ot ion have been observed. 8,

0t and HY ions are frequently observed stream-
ing upward along the magnetic field direction.
The ion energies are typically in the few keV
range but have been observed up to 16 keV.
Upward streaming He" ions are also observed
but less frequently and with lower fluxes than
the 0% or H* ions. O% fluxes comparable to
the H* fluxes were observed in the ring cur-
rent near 5000 km at L = 3 to It during the
main phase of the 28 December 1976 magnetic

storm.
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ANGULAR DISTRIBUTION CHARACTERISTICS OF UP-
STREAMING ENERGETIC (kev) ot AND Ht IONS

A. Chiclmetti* (visiting scientist at Space Sci-

ences Laboratory, lockheed Rescareh Laboratory,
Palo Alto, California 94304)

R. G. Johnson

E. €. Shelley

R. D. Sharp (all at Space Sciences Laboratory,
Lockheed Rescarch laboratory, Palo Alto, Calif-
ornia 94304)

(Sponsor: Dr. Richard D. Sharp)

Measurements of the pitch-angle distributions
of energetic (keV) OF and it ions have been ob--
tained with an ion mass spectrometer aboard the
$3-3 (1976-65B) spacecraft. Upstreaming ot and
it ions are frequently observed in the keV energy
range with intensit.es up to about 5 x 108 ions/
v The 07 and Ht angular distri-
butions in a fcw upstreaming events have been
analyzed in detail to investigate the dependence
of the distributions on the mass and cnergy of
the ions. Some events have highly ficld-aligned

)
cmé-sec-ster-keV.,

distributicns with widths less than the instrument

angular resolution of about 4° FWIM for both 0+
and Ut jons. In other cvents, the angular dis-
tributions are mass dependent with the 01 distri-
butions usually being wider than the 0t distribu-
tions. Some constraints on the processes produc-
ing the observed ion [luxes are inferred from the
variations of the source cone width with mass and
energy.

* Permanent address: Physikalisches Institut,
Universitat Bern, CH-3012 Bern, Switzerland
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ELECTROSTATIC POTENTIAL DIFFERENCES ALONG MAG- 1. UO26L41SHARP
NETIC FIELD INFERRED FROM SATELLITE MEASUREMENTS
OF ELECTRON AND ION DISTRIBUTIONS . 1977 Spring Meeting
J. B. Cladis LT 't(!‘}]!]l"",tlf Phyeics
R. B, SlT-TnT(imLh at Space Scicnces Laboratory,
Lockheed Rescarch Laboratory, Palo Alto, Calif- k., ©3-3 speeint dessian
ornia 94 104)
- (B}
Upward-streaming HF and OF ions in the keV
range, closely aligned with the magnetic ficld, B . HG
were observed with the 1976-605B, polar-orbiting
satellite at 1054 UT on September 15, 1976 at 18 L)
HR MLT, 70°© invariant latitude, and at an altitude
of 7820 km. The iens were observed during three O. Technical ior Ll
spin per iods (distance ~ 240 km) while the satel- Lockheed Research Lnboruat
i lite was moving toward higher latitudes. Electro- Department 52-50, PBuildin \
£ static potential differences along the magnetic 3221 lHanover Bl
: field, above and below the satellite, were in- Palo Alto, Califcr
% ferred from pitch-angle and ¢nergy measirements Attny Judy Conahan
; of electrons (70 eV - 24 keV) made prior to and
during the strcaming-ion obscrvations. The in- 5 Sa00;

ferred electric field was directed upward.
potential difference below the satellite was de-
termined from (i) the widening of the loss cones
of the electrons, and (ii) the deepening of tne

loss cones (i.c¢., the depression of the backscat-
tered flux). The independent determinations, (i)
and (ii),
but not sufficient to account for the energies of

are in good apreement with each other

the ions. The potential difference above the sat-
ellite was inferred from (i) its effect on the
"field-free" clectron distribution which was as-
sured just equatorward of

sumed to be the one mea:
the ions, and (ii) observations of electrons
trapped between the magnetic mirror below the sat-
ellite and the e¢lectric mirror above. For each

of the spin periods during which the ions were
present, the potential differences below the sat-
ellite was found to be 1.5 kV, 3.7 kV, and ~ 1.5
kV, respectively. Above the satellite, the poten-
tial difference inercased with latitude, being
about 0.5 LV on the second spin period.




THE MORPHOLOGY OF UPWARD-FLOWING FIELD-ALIGNED
ENFRGETIC ION FLUXES

A. Ghielmetti* (Space Sciences Laboratory, Lock-

heed Research Laboratory, Palo Alto, California

9L304 USA)

E. G. Shelley (Space Sciences Laboratory, lLock-
heed Research Iaboratory, Palo Alto, Ca. 94304)
R. G. Johnson (Space Sciences Laboratory, Lock-
heed Research Laboratory, Palo Alto, Ca. 9430L)
R. D. Sharp (Space Sciences lLaboratory, Lockheed
Research Laboratory, Palo Alto, Calif. 9430k)

The inferred signatures of magnetic field-~
aligned electrostatic potential differences in
the several kilovolt range have been observed in
the data from an energetic ion and electron spec-
trometer on the $3-3 (1976-65B) satellite. Large
fluxes of H' and 0" ions are frequently found
streaming up out of the ionosphecre with energies
up to 16 keV in a region between invariant lati-
tudes of 60°-80° N and above 5000 km in altitude.
The latitudinal width of these upstreaming ion
events has been observed to vary from less than a
degree to 10 degrees. The pitch-angle distribu-
tions are peaked along the magnetic field direc-
tion with source cone widths ranging from a few
degrees up to ~ n/2 (full width). The events
have been found in about 70% of all the orbits
for which data have been acquired extending over
a 2-1/2 month period covering the magnetic local
time interval from 0900 to 2300 and the maghetic
activity range from O to 6 in Kp. First results
indicate that the field-aligned fluxes out of the
ionosphere are a persistent though highly varia-
ble phenomena generally occurring in a region
near the observed poleward edge of the more ener-
getic (~ 10 keV) electron precipitation region.

*¥Visiting scientist from the University of Bern,
Switzerland

1. Dr. Arthur Ghielmetti
Opace Sciences Laboratory
Dept. 52-12, Bldg. 205
LOCKHEED RESEARCH LABORATORY
3251 Hanover Street
Palo Alto, Calif. 94304 USA

2. ISR, Division IIT




OBSERVATION OF IONS OF IONOSPHERIC ORIGIN
IN THE STORM-TIME RING CURRENT

R. G. Johnson (Lockheed Palo Alto Research
Laboratory, Palo Alto, California)

R. D. Sharp
E. G. Shelley (both at: Lockheed Palo Alto
Research Laboratory, Palo Alto, California

Data on the composition of plasma in the
earth's magnetosphere in the energy range
0.5 to 16 keV is being acquired with an ion
mass spectrometer aboard the 1G76-065B
satellite. The satellite is in an 82° in-
clination orbit, with an initial perigee of.
260 km and apogee of 8060 km, and is spin-
ning such that pitch angle data are obtained
for the ions. During the main phase cf -the
magnetic storm on 29 December 1976, rela-
tively large fluxes of trapped O+t and H*
ions were observed in the region L = 3 to
L = 4 at altitudes near 5000 km. O% and Ht
ions were observed over the full energy range
of the instrument with the H' spectrums
typically being harder than the O% spectrums.
On the first pass through the L = 3 to L = L
region, the Of number density was about
twice that of H' and the energy densities
were about equal within the instrument energy
range. He' fluxes were also observed during
the main phase but the intensities were small
compared to the Ot fluxes. Trapped 0t fluxes
have also been observed during other magnetic
storme and at pitch angles corresponding to
equatorial pitch angles up to about U5°.

R. G. Johnson, Lockheed Palo
Alto Research Laboratory,
Dept. 52-10, Building 205
3251 Hanover Street

Palo Alto, California 94304
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DISTRIBUTTON OF LELECTROSTATIC POTENTIAL ALONG
MACNETIC FIELD LNFERRED FROM OBSERVATIONS OI
ELECTRON AND ION FLUXES (1)
J.B. Gladis

R.D. Sharp (both at Spacc Sciences Laboratory,
Lockheed Research Laboratory, Palo Alto, (2)
California 94304)

Large-scale c¢lectric fields, directed upward
along the magnetic field, have been inferred
from several scts of data on the pitch-angle
and energy distributions of electrons and ions
obtained at high invariant latitudes (& 65°9) and
altitudes (~ 6000 km) with the polav-orbiting
1976-65B satellite. The analysis utilized data
taken while HF and 0" ions in the keV range were
observed to move upward, closely aligned with
the magnetic ficld. The electrostatic potential
differences below the satellite were determincd
not only from the encrgies of the streaming ions
but also from widths and depths of the electron
loss cones. Potentials to about 4 kV were com-
puted in this manner. The distributions of the
potentials along the magnetic field were esti-
mated from the quasi-neutrality condition,
equating along the mapnetic field the ion and
clectron number densities obtained by integrating
over the velocity distributions of the observed
particles.

Lockheed Palo Alto Research

Laboratory,
Palo Alto,

SR8

3251 Nanover Street,
California 94304
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OBSERVATIONS OF IONS OF SOLAR WIND ORIGIN
IN THE INNER MAGNETOSPHERE

E. G. Shelley (Lockheed Palo Alto Research
Laboratory, Palo Alto, California)

R. DL Sharp
R. G. Johnson (both at: TLockheed Palo Alto
Research Laboratory, Palo Alto, California)

Data on the hot plasma composition in the
earth's magnetosphere in the energy range 0.5
to 16 keV is being acquired with an ion mass
spectrometer aboard the 1976-065B satellite.
The satellite is in an 82° inclination orbit,
with perigee near 260 km and apogee near 8060
km, and is spinning such that pitch angle
data are obtained for the ions. The ion
composition during selected magnetically
quiet-time periods (K, < 3,) in December 1976
has been investigated in the region of the
guiet time ring current at altitudes below
8000 km in the midnight sector. Het* ions
were observed in several passes and in one
case they were found as low as L = 5.5 which
was near the low latitude edge of the plasma
sheet electrons. These observations show
that solar wind ions are entering the mag-
netosphere and are being transported to rela-
tively low L-shells in the magnetosphere
during magnetically quiet times.

E. G. Shelley, Lockheed Palo
Alto Research Laboratory,
Dept. 52-12, Building 205
3251 Hanover Street

Palo Alto, California 9L30L
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