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AP INTRODUCTION

. Particle and field measurements, taken by thQ USAF S3-3 satellite, have

been recognized by the scientific community as providing important information
i for the description and understanding of the auroral acceleration process.
g’ Ion composition analyses have revealed that a major oource"of positive charged
2 particle density in the magnetosphere originates in the suroral oval (Shelley
ii et al., 1976) and consists of the major ionospheric species of H+, He' and
ot. 1Two categories of ion distributions are observed, ion beams along B and

ion conics whose peak intensity occurs between 90° and 180° pitch angle in the

northern hemisphere (Mizera and Fennell, 1977 and Sharp et al., 1977). One of

14 -

the most dramatic aspects of the 53-3 observations has been the measurement of

strong DC electric fields perpendicular to B (Mozer et al., 1977; Torbert and

Mozer, 1978). AC electric field measurements have also provided excellent
correlations between particles and ion cyclotron waves (Kintner et al., 1979), .
as well as a description of low frequency turbulence (Temerin, 1978). Elec-

tron distributionc have been utilized to infer large spatial extensions of

;i p@tallel DC electric fields (Mizera and Fennell, 1977; Sharp et al., 1979).

?E Techniques developed to infer these potentials have been discussed previously

Eﬁ by Whipple, 1977; Chiu and Schulez, 1978; Croley et al., 1978; and Cladis and ..
&; Sharp, 1979,

éé Most of the above references pertain to individual examples of S3-3

;; acquisitions. There have also beean statistical studies by Ghielmetti et al.,

?2 1978 and Gorney et al., 1980) on the frequency of occurrence of ion beans from

E; the ionosphere. This type of study has been expanded to include field aligned

- ?j; current systems and electrostatic shocks by Cattell et al., 1979,

g 7
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Yor slscet historical reasons, data for both particles and fields taken
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on July 29, 1976 have been widely publicized. Other data previously published
§ from this avent include Moser et al., 1977; s_harp et al., 1979; Cornrill and
Schulz, 1979; and Chiu and Cornwall, 1979. Their results will be included as
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we describe $his suroral crossing in detail. Perhaps one of the most specta-
cular results from this data was the first observation of I;rgc DC electric
fields associated with this altitude region (Mozer et al., 1977). A summary
of their data with a charged particle spectrogram was prdun’tod in Cornwall
and Schulz, 1979,as Figs. 2 and 3. Association of ion beams and accelerated
electron distributions with these electric fiold reversals was presented by

Mizera et al., 1977. Sharp et al., 1979, examined individual electron

distributions to infer characteristics of the acceleration process. We wish
to add one more and final “contribution by presenting the total data set of
B . individual encounters of plasmas with acceleration signatures in the form of

electrostatic shocks, ion beams, ion conics and electron distributions. AC

electric field intensity enhancements in the form of bdroadband signals are

also shown to co—exist with certain individual structures.
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Instrumentation and Data Description

A complete description of the §3-3 cxporinontql techniques can t:= found
in Mizera et al., 1979. 1Individual descriptions of electric field instrumen~
tation were presented in Mozer et al., 1977, of ion composition instrumentation
in Sharp et al., 1977, and of low energy electrons nnd.ion'inotrulnntation in
Mizera and Fennell, 1977. The particle spectrogram display (Figures 1 and 2)
is derived from data taken by two electrostatic analyzers and an energetic
magnetic spectrometer and an ion telescope. Filter outputs of the AC electric
field experiment are tape recorded along with the particle measurements. High
resolution electric field data are also transmitted in real time on a limited

basis. The July 29, 1976 data were acquired when apogee (near 8000 kam) was

over the northern auroral region near dusk.

Standard energy-time spectrogram formats are used with differential
energy flux of electrons and ions. The intensity scales for the 235 keV
electrons and 80 keV protons are arbitrary. AC electric field data are pre-
sented in units of uvolts/(m uzllz). Velocity—spac; distribution functions
are derived from particle distributions of electrons from 0.17 to 33 keV and

ions from 0.9b to 3.9 keV.
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Fig. 1.

Spectrogram of AC Electric Melds, Energetic 235 keV
Electrons, 0.17 to 33 keV Electrons, 0.90 to 3.9 keV Ions
and Energetic 80 keV Protons for July 29, 1976. FMve
orders of magnitude in dynamic range of intensities can
be distinguished. The arrows at the top indicate the
location of electrostatic field reversals, accelerated

electrons, and 1on beams.

(following page)
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Fig. 2. The Low Energy Charged Particles from Fig. 1 are Aligned
in Time with the Perpendicular Component of the Electric
Field Measured by the UC Berkeley Experiment (R. Torbert,
private commmication, 1978)

(following page)
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@ i Presentation of Results

;s _ Dusk auroral measurements, taken by 83-3 on July 29, 1976, have been

shown in fragmented parts by various authors. For this reason and the fact

that a great diversity of observations are present, we will present as com-

plete a description of this single auroral acquisition as possible.

Fig. 1 shows our standard energy-time spectrogram that contains AC elec-
tric field measurements from the UC Berkeley experiment with frequencies
ranging from ~ 30 Hz to ~ 100 kHz in units of (10™%  yvolts/m-Hz!/2). These
data are broad resolution measurements taken with filters and should be inter—
preted only as indicating the true wave spectrum. Particle -c;outcncnto
include energy fluxes frqm an electron and an ion electrostatic analyzer with
energies ranging from ~ 0.17 to 8.4 keV and 0.09 to 3.9 keV, respectively.
Electrons up to 33 keV are included in the spectrogram with absolute normali-

zation.

Differential fluxes (ﬁith arbitrary values) are shown for 235 keV elec-
trons and 80 keV protons in Fig. 1 for purposes of displaying energetic parti-
cle boundaries. Ephemeris parameters as well as universal times are calcula-
ted every 200 seconds at the bottom. At this time, S3-3 was making a complete
angular rotation every 23 seconds and thus angular distributions were acquired
every 11.5 seconds. The periodic minima in the particle intensities represent

pitch angle sweeps through the magnetic field.

As 83-3 approached the energetic trapping boundur: ~c-ated near
A ~70,5° and 19.3. MLT, the low altitude near-earth plasma sheet is evideat
by the gradual hardening of the electron energy flux beginning neer 40480 sec

UT in Fig. 1. A number of narrow regions of particle accelerations were

15
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encountered bifore $3-3 entered the polar cap near 41500 gec UT. These narrow
acceleration regions are shown by arrows in Fig. l,snd we will examine each
one individually by presenting particle distribution fumctions with empirical-
ly determined potential boundaries. This procedure .hu been adequately de-
scribed in previous publications, including Whipple, 1977; _)unra snd Fennell,
1977; Chiu and Schulz, 1978; and Croley et al., 1978.

A natural question that immediately arises is vhether the pot.ntul'

drop, measured at the S$3-~3 altitude by integrating the electric field perpen-
dicular to B, is related to the potential difference inferred from particle
distributions in a way described by Mizera and Feunell, 1977, and Cladis and
Sharp, 1979. 1In an attempt to answer this question, the composite particle-DC
electric field displsy, first used in Corawall and Schulz, 1979,is shown as
Figure 2 to identify regions of interest. The & y (east-west) perpendicular
component was chosen just to illustrate the location of shocks; normally é'x is

used (Torbert and Mozer, 1978).

The first encounter with strongly accelerated particle fluxes and large
DC electric field occurs near 40769 sec UT (40.77 ksec). The 5, electric
field component was positive, indicating a westward direction, and the £ :
component was ﬁcgative, indicating a northward direction,of the perpendicular
electric field. Low-frequency turbulence (< 500 Hz) was associated with this
encounter until the oppositely directed perpendicular fields were measured
near 40787 sec UT. Near 40769 sac UT, the &, and £, magnitudes were approxi-
mately =480 uV/m and +240 aV/m,giving a total electric field, perpendicular to
B, of ~ 537 aV/m pointing in a northwesterly direction. To estimate the
potential drop perpendicular to B, we ask over what distance the field was
observed and integrate the electric field along the trajectory of the satel-

lite. The results of the electric field calculations ware provided by the U C
16
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Berkeley group. The calculation assumes time-stationary electric field struc-

‘tures (R. B. Torbert, private communication, 1979).

f.e., at (v &) = apkV) (N

vhere v is the velocity of the satellite and & is the total perpendicular
electric field. If we estimate the potential below the satellite using parti-
cle distribution functions, then we can compare the results of these two pro-
cedures. This, of course, assumes that the equipotentials crossed near 7300
km altitude are approximately the same as those crossed by the upcoming ion

beam and downgoing electrons near 40.77 ksec UT.

Fig. 3 shows proton and electron distribution functions for (a) 40778 to
40789 sec UT and (b) 40784 to 40795 sec UT. Although the ion beam can only de
observed when the instrument po;l.ntn in the nadir hemisphere along B, the
acceleration region is evident in Fig. 1 over all pitch angles where low
energy backscattered electrons are retarded by the potential bdelow. For
example, in Fig. 1, the decresse in fluxes of electrons with energies
below ~ 0.5 keV is apparent near 40769 sec UT and is caused by a shift in
energy in the secondary electron spectra due to a retarding poteantial between
the satellite and the ionosphere. This characteristic feature in the spectro-
gram allows the correlation between particles and fields to be made with

higher spatial resolution.

Fig. 3 also shows boundaries that separate phase space density regions.
These regions are determined by examining adiasbatic motion of particles in
quasi-static electric fields and the techniques employed to determine them
have been widely discussed (Whipple, 1977; Chiu and Schulz, 1978; Ksufmann,

1978; Mizera and Fennell, 1977; and Croley et al., 1978). The energy at the
17
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Fig. 3. Charged Particle Distribution Contours for the Miret
Hectrostatic Shock Encounter., Mgure 3a shows the
couynter~-clockwise satellite rotation through ths nadly
that contains an fon beam whose peak energy occurs near
0.8 keV (v, « 390 km/sec). The solid line 1s a hyperdels
in volocit; space calculated assuming adiasbatic u’gon in
a quasi-static electric field whose potential drop belaw
the satellite 18 ~0.8 kV. Figure 3b shows the satellite
rotation in the counter-clockwise direction starting at
4v_ and measuring electrons with pitch angles from 0° to
365‘. In sddition to the solid line which represents s
hyperbola derived from the same approximations as those
used in Fig. 3a, the dashed line represents an ellipee
whose intercepts were derived from sdiabatic motion of
particles having been accelerated by a ~5 kV potential
sbove the point of observation, Fhase space densities
sre shown as contours marked by letters with the
sppropriate scaling factors. HElectrons with velocities
ineide the ellipse have not participated in the full
acceleration. Electrons between the v asxis and the
hyperbola are assumed to have ort;iut‘d from the
ionosphere 1n both hemi spheres. Electrons between the
hyperbola and the elliipse sre electrostatically trapped.
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peak of the intensity of the upcoming ion spectrum is used to calculate the
hyperbola intercept along the v, axis in Fig. 3a. The potential above the
-‘!‘ h satellite is relatively easy to eatiute‘ from the electron spectrum. This
t ' value 1s used to estimate the location of the ellipse in Fig. 3b. There is a
vell -defined peak in the precipitating electroan spectrum near =~ 5 keV at
small pitch angles. This corresponds to an ellipse which intercepts “w- 4.2
x 10% kn/sec 1n Fig. 3b. The potential below the satellite is more difficult

"," . f‘ R e
. y 5 - . .
ML PN TON

to estimate and we r'ely on the peak energy of the ion beam to provide a mini-
mum potential estimate. That is, ions can originate at altitudes higher than
the termination of the electric field down to the ionosphere. This, of
course, assumes that most of the ion kinetic energy is due to a static DC
electric field acceleration along B and ignores perpendicular heating (Lysak
et al.,1979; Unstrup et al., 1979). |

The solid line in Fig. 3a corresponds to the demarcation boundary between
ionospheric and magnetospheric densities whose velocity along v is ~ 400

km/sec and corresponds to a proton energy of ~ 0.8 keV. For the sake of
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comparison, we take the potentisl below the satellite to correspond to the

peak of the ion beam energy (~ 0.8 keV) and use this as the minimum retarding

potential boundary for electrons. This energy corresponds to an electron

velocity of v L 0.57 x 104 km/sec and provides the intercept for the hyper-

"o bola in Fig. 3b. In Fig. 3b, phase space densities (C, D, E, and F) along |
: 0.6 < v, <4.2 x 104 km/sec are in the trapping region between magnetic mirror
. points below and the electrostatic reflection above the satellite altitude.
T From the ordering of phase-space density contours between the intersection of
the ellipse and the hyperbola in Fig. 3b, 0.8 kV is reasonable to represent
. the potential drop below the satellite. Using Eq. l, the calculated potential

drop near ~ 40768 sec UT is approximately 1 kV. Under these assumptions, the
19
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integrated electric field and the potentfial below inferred from particle
distributions are equal.

The next example of DC electric field reversals associated with fon beams
and accelerated electron distributions occurs near 41090 sec UT and is indi-
cated by the second arrow in Fig. 1. For this case, the electric field signal
showed some evidence of utuutﬁn effects ind Eq. 1 can be used only to
estimate the lower limit of the potential; however, the signal was not strong*
ly saturated. PFigure 4b shows electron velocity contours of the distribution
function for 41096 to 41107 gsec UT. The strong electric field signale occur~
red between 41087 and 41091 gec UT, with the lower ~latitude field again
pointing in s northwesterly direction with a maximum intensity near 380
aV/m. The reversal to a nout}uutotly direction was recorded betwesen ~ 41093
to 41093 sec UT. Fig. 4b shows one estimate of the potential above the satel-
lite altitude of 7560 km to be approximately 5 kV. The dashed ci:rclo near 4.1
x 10% kn/sec is the demarcation between phase-space densities of slectrons
above and below this velocity. Fig. 4a shows ion (protom) distribution fumc-
tions for ~ 41089 to 41101 sec UT. The maximum energy of the upcoaing ion
beam 1s near 2.3 keV, and this results in a hyperbola that intersects
the -v, axis near 660 km/sec. Ions contained in this beam have been accele~
rated by a potential near 2 kV below the satellite. As previously indicated
in Pig. 3a, a lower velocity intercept is needed in order to contain all of
the contours of accelerated ions. This may @iean that the ions experience a
dispersion in energy over some sltitude range or we should change our assump~
tion that the ions are not totally hydrogen. The latter effect would modify
the distribution functions by a factor of [‘1/‘B] and the velocity by a factor
of (lu/li)ll 2, Regardless of these assumptions the total accelerstion '10
independent of ion species, as long as we rule out multi-charged fons such as

Il‘"" and o originating from low altitudes.
20
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-j If we take a lower limit of the potential to be ~ 2.3 kV, based on the
A peak energy of the ion beam spectrum, then a hyperbola that intersects the
‘ electron v 1 axis near 0.72 x 10% kn/sec is drawm in Fig. 4b. One might argue
that a hyperbola shifted toward higher velocities VOI'lld separate the phase
;'.-_ space density boundaries in a more ressonable fashion. This would mean that
:'i.! the inferred electric field could extend down below the altitude frem whsre

the majority of ions originate. Using Eq. 1 to estimate the potential drop
along the satellite trajectory, we obtain a value of = & kV. .0ur estimate
from the particle distributions, using a low altitude potential of 2.3 kV or
greater, is consistent with the calculated value using the perpeadicular elec-
tric fields at satellite altitude. For the first two cases examined, the DC
potential drop derived from Eq. 1 is comparable to the valus inferred from
upcoming fon beams and elect;:on loss cone analysis. As was pointed out by
Croley et al. 1978, the loss cone analysis of the electron distributions is
not very sensitive in predicting t:h§ l.ow altitude potential, because the ratio
of low-altitude magnetic field intensity to that measured at the satellite is
large (~ 10) and divides the velocity term.

The next example of electric field reversals and ion beams occurs with
highly accelerated electrons. The electric field i{s less structured aand is
strongly saturated. Northwesterly perpendicular DC electric fields are en-
coﬁntered between ~ 41153 to 41158 sec UT, then some structured fields are
seasured from ~ 41159 to 41162 sec UT, and then the southeasterly component
occurs between ~ 41164 to 41167 sec UT. A decresse of the secondary electron
intensity, which signifies upward-directed electric fields along B between the
spacecraft and the atmosphere, begins near 41153 sec and ends near 41166 sec
UT. The onset of strong 51 signals and retarded secondary electrons is

snother excellent example of the correlation between the particles and

22
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fields. Our best estimate of the saturated DC electric field between 41154 to
41157 sec UT yields a lower limit of ~ 590 aV/am.

Fig. 5b shows electron distribution functions for times 41151 to 41162
sec UT. The electron acceleration peak at the satellite altitude is approxi-
mately 8 keV, the result of which is shown by the dashed circle. Eq. 1 yields
a potentisl drop across the northwesterly structure of ¥ 8 kV and is only a
lower limit due to saturation of the instrument. Without higher energy ion
data (> 3.9 keV) we can not estimate the exact peak energy of the ion beanm.
However, from the electron distributions in Fig. 5b, a hyperbola corresponding
to a low-altitude potential near 10 kV is in reasonable agreement with the
data. Exiting the shock near 41164 sec UT, the electric field integration
gives a potential drop closer to 5 kV. The hyperbola in Fig. 5a is a lower

limit drawn for a potentiﬁl near 3 kV.

The last electrostatic structure in this series occurs near 41242 sec .T,
when 61 is again in a northwesterly direction with a maximum value near 600
mV/m. The reversal occurs between ~ 41252 to 41256 sec UT with a southeaster—
ly direction whose maximum value is near 858 mV/m. Using the integration
technique in Eq. 1, the UC Berkeley experiment gives a minimum potential drop
along the satellite trajectory of ~ 7 kV,which is again a lower-limit estimate

due to some saturation effects.

Fig. 6b shows the electron phase space density contours for a time inter-
val 41240 - 41251 sec UT. 1The downgoing electron spectrum again peaks near 8
keV, as indicated by the ellipse intersecting the velocity axis near 5.3 x 104
km/sec, and demarcates the boundary between contours of accelerated fluxes
above 8 keV and those below 8 keV. Fig. 6a clearly shows that the accompany-
ing ion beam, encountered near 41251 sec UT,has a peak energy greater than 3.9

keV. Therefore, we rely solely on the electron distribution functions to
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near 5.4 x 10 ka/sec.

24




g
: Y . )

;*“ i

estimate the magnitude of the potential below the satellite altitude. Using
the calculated potential from Eq. 1 of ~ 7 kV, a hyperbola in velocity space
is drawn in Fig. 6b to separate fluxes that mirror above the atmosphere from
these originating in the atmospheric loss cone. Based on these empirical
boundary fits to the electron distribution function, we infer the S3-3 satel-
lite crossed an electrostatic structure with a potential of approximately
equal magnitude above and below satellite altitude with a total drop near 15 -

16 kvV.

To contrast this example with a region where the potential is primarily
above the satellite altitude, we show an example from 41229 to 41240 (41.3 k)
sec UT. An example of the electron angular distributions for this time period
was given by Sharp et al., 1979,where they estimated the potential to be above
$3-3 altitude with magnitudes in the 7-15 kV range. Fig. 7b shows distribu-
tion function contours for these electron data. The contours clearly indicate
that the potential above the satellite altitude corresponds to an energy
of ~8-9 keV (v =5,5 x 104 km/sec). Upcoming ions, shown in Fig. 7a show a
hint of acceleration with potentials less than ~ 100 V. This estimate, also in

agreement with electron loss-cone analysis, is represented as the hyperbola in

Fig. 7b.

We now focus our attention on a slightly different aspect of the charged
particle data. In the time interval from ~ 40900 to 40980 sec UT in Fig. 1,
in between the first and second field reversal, highly anisotropic, accele-
rated electron distributions were encountered,accompanied by low-energy coni-
cal ion distributions (see Fig. 2 for a better definition). Based on our
measurements, the peak energy in the precipitating electron spectrum is near
12 keV at UT = 40906 (40.9 k) sec UT. The shapes of the electron velocity

space contours along the v, axis are distinctively different,as shown in Fig.

I
8b,when compared with previous examples. A circle (ellipse) is sketched as in
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previous cases at ;h. peak energy of the precipitating electrons. Nearly
constant phase space densities parallel to the ) axis inside the inferred
ellipse are observed. Another feature is the low velocity electron beams that
occur well inside the atmospheric loss cone; these result from the enhanced
primary electrons producing secondaries in the ionosphere. Electrostatic
reflection of electrons with energies below ~ 12 keV results in a net current
flow near zero for 0.17 ¢ E < 12 keV. Fig. 8a shows well defined ion conical
distributions during this time period with peak fluxes near ~ 130° pitch
angles. The dotted lines in Figs. 8a and 8b represent asymptotes for hyper—
bolae which separate ionospheric and magnetospherically trapped phase space
densities (Croley et al., 1978). The first adiabatic invariant relationship
puts the mirror point of these ion conical distributions at {B| = 0.106 Gauss,
which represents an altitude near 4700 km, some 2700 km below the satellite.
One other interesting comparison between these distribution functions and
previous ones 1s the enhanced hiéh frequency waves that occur between ~ 0.3

and 2 kHz in the Fig. 1 spectrogram.

The peak in the precipitating electron spectrum near 8.5 keV for data in
Fig. 7b and a peak in the precipitating electron spectrum near 12 keV in Fig.

8b are the only similarities between these two electron distributions. To

contrast the shapes of the contours let us examine the following examples:

for parallel velocities near v, = 5.4 x 10% km/sec,
f(v) = 0,018 (seca-km-6) in Fig. 7b and f(v) = 0.49 (seca-km'6) in Fig. 8b.
However, for small perpendicular velocities at v, = ldl x 10% km/sec,

£(v) = 80 (sec3-kn"®) in Fig. 7b and £(v) = 4.3 (sec3-ka™®) in Fig. 8b.
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This means that for two regions where the potential drop above the satellite
is approximately the same, phase-space density ratios for v 0.36 keV (l.l x
104 km/sec) and 8.4 keV (5.4 x 10% km/sec) electrons varied by as much as a
factor of 500 when viewed along the L and v, axis. We shall pursue this

observation further in the discussion section.

Another interesting comparison between distributions near 40918 gnd 41229
sec UT are the ion distributions shown in Fig. 8a and Fig. 7a respectively.
Conical distributions up to ~ 1 keV are observed in Fig. 8a when the electron
distribution functions elongate along the v, axis and low energy (< 100 oV)
field-aligned ion distributions are observed in Fig. 7a vhen the electron iso~
distribution function contours elongate along the v, axis. Whether or not
these electron features are associated on a one-to-one basis with the ions is
yet too early to determine; nevertheless, the types of distribution functions

observed in Figs. 7b and 8b are rather common observations in the S3-3 data.

Just prior to entering the last acceleration region that extends from
~ 41278 to 41445 gec UT, the strongest electron acceleration signatﬁre is
encountered. Fig. 9b shows the electron distribution functioa contours for
41263 to 41285 sec UT. A complete angular rotation is shown because of the
changes in the phase space density profiles during the time interval required
for 1 satellite rotation. Near 41263 sec UT, the electron spectrometers are
sampling fluxes with pitch angles near 0° (i.e., + v.) The intensity gradi-
ent in the 33 keV electron channel is field aligned and varies approximately
two orders of magnitude from 60° < mp €< 20° (A. L. Vampola, private communica=-
tion, 1979). This should be coantrasted with the angular distributions for
electrons in Fig. 7b and Sharp et al., 1979 (Fig. 3), where the pitch angle
gradients over a comparable angular range (i.e. ~ 40°) are only around a fac-

tor of 2.
30

i




.. ]
= -
b g
8 ]
=
b 3
3 *uOY3II0a IIFIT2I9s duo Buranp sayfieue -
. J3MO0T 0] I9WIIOIP UIY3I puw q¢ 811 jJo jJrey dol ayl )
I® A9Y gf~ 03 dn PaIRIITIVOE 3q O UAOYS 2I¥ SUOIIII[P
‘sur) swes syy3l IV °(SIVJ] paysep) auwo) sso] d1aaydsouoy
. - 943 jJO IPISINQ UOTINQTIISTQ IPOIUO) uol e jo Sugssox)
- Y3 Buymoyg wg 831 UT sanoluo) LIysuaq adedg aseyqd uwol ¢ 314
133SIy %:
| T 199 SBE9TLy' . § -
m SNOBLITT] 10 ﬁ“ H : _ ﬂ.ﬂwﬁ e
8 _ 0100 N .
! 200 N N
p _ Mo 1 - 1
= _ 0o ¥ - :
. ' 174 ] f X
g 90 | ;
. 01l H o
. A 9 .
. 9y J 1
il 3 .
- I 74 1] Wp- K
. 0168 ¢ m m { o 3 )
! N i H& SNOULIIN iy 305,385 61] (A4 7 / A
. i /...\ . 288 _Gij Ny
// — % SNOLOBG |95 61} §
- H\I‘u\/ K
-Z\I/ o N
~————— 6 {oasuy Ne—..; "9
——— " o
m
.- ]
& 5
. . :
v A
ABBDN STESRIATS o DOOSINN | SRS 4 | SARRREN 4 NGO ) B ) NOTRCIRNTS & RECRIR. JB RSO 4




T A N
. ..4: - :

v-v‘rvqf
s

oy

In addition, the peak intensity at the highest energy (33 keV) in Fig. 9
occurs near 15° - 20° pitch angle,with a factor of 2 reduction in flux at the
closest approach to the magnetic field (within ~ 7°). This observation should
also be compared with Sharp et al., 1979 (Pig. 3), vhere the intensity of ~ 10
keV slectrons begins to drop for c’ < 40°.

In the time required to obtain a complete angular distribution (~ 22
sec), the phase-space density contours at high velocities (~ 10 x 104 km/sec)
change from open to closed along the +v. axis. During this transition time,
ion conics are shown in Fig. 9a outside of the at-looplutic loss cone indicated
by the dashed lines. These highly anisotropic and accelerated electron dis-
tributions occur in between 'uum of strong DC electric fields but are
closely related to strong AC electric field signals. In fact, the two
strongest broadbanded noise signals observed extend to high frequencies (> 8
kHz) and are spatially associated with these types of electron distributions
near 40910 and 40260 sec UT.

The final region of interest occurs just before the satellite crosses
onto polar cap field lines. As shown in the compressed datas in Fig. 2, the
region between 41.28 to 41.42 ksec UT contains very turbulent DC electric
fields and numerous strong field structures. Upon entering this region near
41278 sec UT, a strong saturated northwest coamponent of the DC electric field
was observed that produced a potential drop along the satellite trajectory
approaching 10 kV. The first fon spectrum at 180° was messured at 41295 sec
UT and showed maximum intensity for energies above 3.9 keV. Figs. 1l and 2
show a series of ion beams coming up the magnetic field lines. Table I lists
the times for observing these upcoming ion beams, an estimate of the energy
vhare the maximum intensity occurs, and the approximate flux intensity.

Included in Table 1 are measurements from the Lockheed ion spectrometer (R. D.
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Table 1. Times, Energy at the Peak Intensity, and Intensity of

- Proton Beams Estimated from Data Taken by the Electro-
. static Analyzer, with Energies from 0.09 to 3.9 keV, and
o the Ion Colpoo*tion. Spectrometer, with Energies Between
0.5 to 16 keV. The time interval between 41300 to
41400 sec is a broad region of particles acceleration
and electric field variability, as seen in Fig. 2.

UT(SEC) Spectral Peak (keV) Flux (cm® -ster-sec—kev]~!
41295 > 3.9 ~ 5 x 10%
41301 > 8.5" ~ 5 x 109

‘ 41317 ~ 2.3 ~6x 10°

R 41323 ~ 3.3 ~ 2 x 105
\' g 41340 > 3.9 ~1 x 107
| 41346 ~1.3* ~ 2 x 107
41362 ~ 3.1 ~ 4 x 108
41368 ~ 8.5" ~ 8 x 10°
. 41384 ~ 2.3 ~ 4 x 108
41390 ~ 0.94* : ~ 1 x 108
J 41406 > 3.9 ~ 2 x 108
: 41412 ~ 16" ~ 3 x 10°
| 41429 ~ 2.3 ~ 7 x 10°

*Lockheed Spectrometer




-------

Sharp, private communication, 1978) that provides a three-point spectrum
somevhere between 0.5 and 16 keV and lags the ion ESA measurements by 1/4 spin
period or ~ 5.8 sec. Even though the estimates of the peak energy are appro-
ximate, there are clear indications that the energies of the fon beams are
changing dramatically over this broad spatial region of acceleration. For
example, the first two measurements in Table I (41295 and 41301 gec UT) show
ion beams with energies approaching 10 keV. The calculated potential drop
(from Eq. 1) along the satellite trajectory changed by at least 10 kV in a
time interval of ~ S5 sec. Sharp et al., 1979, showed an example of an in-
creased electron loss cone in their Figure 5, from which they estimate a poten-
tial drop of ~ 13 kV below S3-3 altitude at this time. Another dramatic
change in the ion beam energy occurred between 41362 and 41384 sec UT,when che
peak energy changed from ~ 3.1 keV up to ~ 8.5 keV and then down to ~ 2.3
keV. Fig. 2 shows the largest variations of the DC electric field at this
time near 41377 (41.38 k) sec UT when the calculated potential (from Eq. 1)
increased by ~ 3 kV in a few seconds. Again the electric field signal was
saturated. Table I also shows an increase in the ion beam energy
between ~ 41390 and 41429 gec UT. Fig. 2 indicates another fluctuation in the
DC electric field that occurred near 41397 (41.40 k) sec UT, with a total
potential change of only a few kV. There is, :horefore,qualita:;vc agreement
between increases in ion beam energies and narrow electrostatic enhancements
in this region of broad acceleration. Estimates of the potential below the
satellite using electron loss cone analysis also confirm this result, although
this method is not as senesitive to these changes as are the ion beam data.
From Fig. 1, one can see that the precipitating electron distributions are
relatively stable and the peak energy remains near 8 keV throughout most of
this region. Near 41400 sec UT, the peak electron energy drops down to ~ 5

keV. Sharp et al., 1979 noted the similarity between the accelerated elec-
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trons just before and following the strong v 33 keV acceleration event de~
scribed earlier at 41263 sec UT and shown in Fig. 9b. That is, the downgoing
electrons are very similar on either side of the strong electron acceleration,

which ;ndic‘eco 8 very broad and relatively stable acceleration region at high

altitudes.
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Discussion

One of the reasons that the auroral data from the July 29, 1976 acquisi-~
tion by S3-3 has appeared so frequently is purely circumstantial. More impor-
tant, however, is that many diverse observations are contained in one auroral
pass. While running the risk of suggesting these represent 'typical' data, we
feel it is important that these observations are examined in a quantitative
fashion. The approach used in the preceeding section was to present cﬁarged
particle distribution functions in the presence of strong electrostatic
shocks. Some of these data have been presented by Mozer et al., 1977; Sharp
et al., 1979; Cornwall and Schulz, 1979; and Chiu and Cornwall, 1979; and
earlier at a special $3-3 AGU session in 1977. One of our primary osjectives
here is to present the poﬁenti&l derived by directly integrating the perpen-
dicular electric field across narrow enhancements (Eq. 1) and compare that
potential with one derived from estimating adiabatic boundaries to the charged
particle distributions, since there exists a one-to-one relationship between

field reversals and accelerated particles.

If individual shock structures extend far down in altitude and persist
for sufficiently long times, then a comparison of potential drops at satellite
altitude with potential drops below satellite altitude should yield similar
results. Four such examples were considered, and within the experimental
uncertainties the two independent methods yield similar results. Experimen-
tal problems such as electric field saturation effects, threshold limitations

and sensitivity difficulties make this conciusion tentative at best.

In addition to the particle and field comparison, it was shown that field

reversals occur simultaneously with the onset of retarded backscattered elec-
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trons and near the boundaries of accelerated precipitating electrons. Field
reversals can be extremely narrow in latitude and exist individually or occur

at the edge of, or inside of, broader regions of acceleration.

Quite distinct from the type of acceleration signature described above
are those associated with strong field-aligned gradients in the electron
distributions. These field-aligned acceleration signatures are found without
local DC electric field enhancements or upcoming ion beams,which suggests that
the bulk of the potential drop is above and in close proximity to the measure-
ment. Strong broad-banded noise is associated with these highly anisotropic
electrons as well as ion conics. It is tempting to suggest a close relation-
ship between these phenomena. What is clear, however, is that both extended
and localized regions of electron acceleration are encountered near the 7000~
8000 km altitude near dusk local time. When the potential extends below the
satellite altitude, there exists excellent relationship between perpendicular
electric fields and acceleration signatures inm the charged-particle distribu-

tions.
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation is conducting exper-
imentsl and theoretical investigations necessary for the evaluation and applica-~
tion of scientific advances to new military space systems. Versatility and
flexibility have been developed to s high degree by the laboratory personnel in
dealing with the many problems encountered in the nation's rapidly developing
space systems. Expertise in the latest scientific developments is vital to the
acconplishment of tasks related to these problems. The laboratories that con-
tribute to this research are:

Aerophysics Laboratory: Launch vehicle and reentry aerodynamics and heat
transfer, propulsion cheuistry and fluid mechanics, structural sechanics, flight
dynamics; high-temperature thermomechanics, gas kinetics and radiation; research
in environmental chesistry and contamination; cw and pulsed chemical laser
development including chemical kinetics, spectroscopy, optical resonators and
bean pointing, atmospheric propagation, laser effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions, atmo-
spheric optics, light scattering, state-specific chemical reactions and radia-
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry,
battery electrochemistry, space vacuum snd radiation effects on msterials, lu-
brication and surface phenomena, therasionic emission, photosensitive materials
and detectors, atomic frequency standards, and bioenvironmental research and
monitoring.

Electronics Research Laboratory: Microelectronics, GaAs low-noise and
power devices, semiconductor lasers, electromagnetic and optical propagation
phenomena, quantum electronics, laser comsunications, lidar, and electro-optics;
communication sciences, applied electronics, semiconductor crystal and device
physics, radiometric imsging; millimeter-wave and microwave technology.

Information Sciences Research Office: Program verification, program trans-
lation, performance-sensitive system design, distributed architectures for
spaceborne computers, fault-tolerant computer systems, artificial intelligence,
and microelectronics applications.

Materials Sciences Laboratory: Development of new materials: wetal matrix
composites, polymers, and new forms of carbon; component failure analysis and
reliability; fracture mechanics and stress corrosion; evaluation of materials in
space environment; materials performance in space transportation systems; anal-
ysis of systems vulnerability and survivability in enemy-induced environments.

Space Sciences Laboratory: Atmospheric and fonospheric physics, radiation
from the atmosphere, density and composition of the upper atmosphere, aurorae
and airglow; magnetospheric physics, cosaic rays, generation and propagation of
plasma waves in the magnetosphere; solsr physics, infrared astronomy; the
effects of nuclear explosions, wmagnetic storms, and solar sctivity on the
earth’s atmosphers, i{fonosphere, and magnetosphere; the effects of optical,
electromagnetic, and particulate radiations in space gn space systems.







