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SCATHA Environmental Atlas

1. INTRODUCTION

The P78-2 Spacecraft Charging AT High Altitudes (SCATHA) satellite was
launched into a near-geosynchronous, equatorial orbit in January 1979, The
purpose of the satellite was to provide a comprehensive means to study the effects
of spacecraft charging on satellite systems, As a result, SCATHA was instru-
mented with a number of engineering and geophysical sensors to study both the
environment and its interaction with space systems (see Stevens and Vampola).
One of the products of the SCATHA satellite was to be an atlas of the near-
geosynchronous plasma environment that could be used as a reference document
in defining test standards for future DOD geosynchronous space vehicles, This is
that document. It contains the results of ongoing data analysis studies since
launch in 1979 that provide the environmental information necessary to properly
design and test space systems, and provide the scientific community with exper-
imental data in a format in which it can be used to test scientific theories critical
to future space missions.

This atlas does not contain copies of all the data used in arriving at the re-

sults, since the amount of data itself would fill several volumes., Instead, only

(Received for publication 27 December 1982)

1, Stevens, J.R., and Vampola, A.L., Eds. (1978) Description of the Space
Test Program P78-2 Spacecraft and Payloads, SAMSO TR-78-24, 59 pp.
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representative samples of the various data sets will be presented to make specific
points., Lists of the days used for particular data sets in the atlas will be pre-
sented in each individual section. If data for a specific instrument are required,
the requester should contact the individual principal investigator listed in Appen~-
dix A, Thus, any constraints on the data can be discussed directly with the person
most knowledgeable. The results in the atlas are mostly statistical, Some case
studies will be discussed, but the reader is referred to individual reports in the
reference list for further information.

The atlas will be divided into three basic parts. The first part will review
the satellite orbit parameters, identify the instruments used for the data base,
outline the overall data base, discuss its selection criteria, and tell how it
relates to average long-term variations in solar and magnetic parameters, A
general discussion on the near-geosynchronous plasma regime will also be given.
The second part will contain sections on results of statistical studies from each
individual instrument, Each section will contain introduction, instrumentation,
data base, analysis, and discussion subsections. The last part will present a
short summary of results felt to be most significant, Several appendices are
attached which, among other things, give results of studies relating to spacecraft
charging.

2. ATLAS DATA BASE

2.1 Satellite Orbit

The P78-2 SCATHA satellite was launched on 30 January 1979 from Cape
Canaveral Air Force Station, Florida, Seventy-two hours after launch the satel-
lite was inserted into a 5.3 RE X 7.8 RE (RE = 1 Earth radius), low inclination
(7.99) orbit with an eastwardly drift rate of about 5° per day. The satellite is
spin stabilized at approximately 1 rpm with the spin axis of the satellite located
in the orbital plane of the satellite and normal to the Earth-sun line. Because of
the drift and eccentricity of the orbit, the satellite passes through each altitude
at varying LTs and varying magnetic latitudes, This presents some problems in
unfolding time, magnetic activity, and spatial statistical dependencies for a

limited data set, which will be discussed in the next section.

2.2 Instruments

The instruments used for statistical analyses in the atlas (exclusive of the
appendices) were SC5 for 100-eV to 400-keV ions and electrons, SC3 for 600-keV
to 5-MeV electrons, SC8 for 100 eV to 32-keV H+ and O+ ions and SC11 for the

14



magnetic field, In addition, SC2 and SC9 spectrograms are used to display and
gain insight to various phenomena, such as plasma sheet crossings, injection
events, etc., which are discussed throughout the atlas. The spectrogram is a
well-documented technique2 for observing spacecraft charging and related particle
phenomena, The remaining instruments discussed in the atlas relate directly to
measurements of charging effects and are confined to the appendices, Of the two
instruments placed on SCATHA specifically to measure the low-energy plasma
environment, one failed during checkout and the other failed approximately two
weeks after turn on. As a result, no studies on the low-energy (<100eV) plasma
are included here. No SC10 measurements of large-scale convection electric
fields will be included because of the authors! inability to distinguish changes in
the data due to the electric field from changes caused by photoelectron sheath

effects.

2.3 Data Base

For numerous reasons the final atlas data base consists of an experiment —
dependent varying numbers of days of data and actual data points. First, the
data base for each instrument depends on operational conditions. Every instru-
ment has times when it is turned off for reasons such as active beam experiments,
to retard sensor degradation, prior to boom deployment, etc, Most instruments
can operate in several modes not all of which are conducive to statistical studies,
Second, the data base for each instrument depends on data rate. Some instru-
ments sample very fast and provide large data sets, Other instruments sample
very slowly to get meaningful integrated values above background noise levels,
Different instruments were, of necessity, assigned different telemetry data rates
to stay within the capacity of the satellite, Third, some data could be reduced
(put into engineering units) at AFGL and other data had to be reduced at contractor
facilities within available resources. All these constraints led to somewhat
diverse data sets for the various experiments. Therefore, in addition to an over-
all discussion here, each data set will be fully identified and discussed in its own
section,

The original plan was to have 75 complete days of data from each instrument
over the first year of operation. The days were selected to cover '"key event"
days {(periods or intervals of special interest), to provide even distribution
throughout the year (to get LT distribution with altitude), to get a full range of
magnetic activity conditions (KP and Dst) for each altitude regime and LT interval,

and to get a large number of eclipse days to observe the plasma in the absence of

2. DeForest, 5. E, (1972) Spacecraft charging at synchronous orbit, J. Geophys.
Res, 77:651,
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satellite photoelectrons. In the end, for some instruments data were used for
periods available more than for periods desired.

The final data base includes data from day 42, 1979 through day 166, 1980,
This period is compared to other periods over the last few solar cycles. Figure
1 shows the yearly mean sunspot number (R) in the upper panel and the yearly
mean geomagnetic activity index (aa) in the lower panel, over the period from
1870 to 1980, The sunspot numbers in 1979 and 1980 are at the peak of a solar
cycle, which itself is very high, However, the geomagnetic activity level is low
for the same period; in fact, it has the lowest level during the last solar cycle,
In conclusion, the data base was gathered over a period near the maximum of a
high solar cycle, for a low average magnetic activity level, in the absence of any

super magnetic storms.
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Figure 1. Yearly Sunspot Number (R) and Yearly
Magnetic Activity Index (aa) for the Period From
1870 to 1980
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3. THE NEAR-GEOSYNCHRONOUS PLASMA REGIME

The magnetosphere at altitudes between 27500 and 43200 km (SCATHA perigee
and apogee) in the equatorial plane is extremely complex. Between these altitudes
a satellite can encounter plasmasphere, plasma sheet, plasma trough, tail lobe,
outer radiation belt, ring current and even, on occasion, solar wind particle
populations. Some of the regions are well-defined and have distinguishable bound-
aries, Others have particle populations that overlap, making identification diffi-
cult. Further complicating the picture are the dynamic properties of this area of
space, Particle source and loss mechanisms and regions are not completely
understood, although much has been learned over the last ten years from satellite
measurements. Event phenomena such as injection events (rapid earthward
movements of plasma-sheet particles in the midnight sector during increased
levels of geomagnetic activity) cause many of the regions to change size, shape,
and composition. Here we will give an overview of the major near-geosynchronous

plasma populations we expect to see in the SCATHA data.

3.1 The Plasmasphere

The plasmasphere is a region of cold (~ 1-30 eV), dense (> 10 cm_s) plasma
surrounding the earth at mid and low latitudes. This volume of plasma has an
asymmetric toroidal shape with the bulge generally in the evening sector. The
plasmasphere can extend out to distances ranging beyond geosynchronous altitude,
but only for periods of very low geomagnetic activity and then primarily in the
bulge region, postnoon, and premidnight. This region of space is populated by
particles that move upward from the ionosphere. During periods of high magnetic
activity the plasmasphere recedes inward well within the geosynchronous altitude,
The outer edge of the plasmasphere, called the plasmapause, is characterized by
a steep gradient in low energy plasma density. Here the plasma density can drop
by over three orders of magnitude within ~ 1000 km in the equatorial plane. The
plasmapause is limited by the last closed equipotential surface of the magneto-
spheric convection electric field, beyond which cold plasma from the ionosphere
can escape the magnetosphere. Since the SCATHA instruments to measure the
cold plasma characteristic of this region of space malfunctioned shortly after turn
on, no analysis of this plasma population < 50 eV was performed. A review of the
plasmaspheric measurements can be found in Chappell3 and ATS 6 measurements

of the low energy plasma at synchronous orbit in Lennartsson and Reasoner. 4

3. Chappell, C,R. (1972) Recent satellite measurements of the morphology and
dynamics of the plasmasphere, Rev. Geophys. Space Phys, 10:951.

4. Lennartsson, W., and Reasoner, D, L, (1978) Low-energy plasma observa-
tions at synchronous orbit, J. Geophys. Res. 83:2145.
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3.2 The Plasma Sheet

The plasma sheet lies beyond the plasmapause and is most clearly identifiable
on the nightside, where it extends down tail to several tens of RE . _’SI‘he plasma
sheet is a region in which particle densities are typically 1 to 2 cm “, Except in
sporadic events the cold (0 to 100 eV) particle density in this region is low and
often much less than 1 cm-3. The average energy of the > 100 eV ions and elec-
trons is of the order of a few keV. Thus, although the density in the plasma sheet
is low, the energy density and ambient currents are not. Ions found in the piasma
sheet suggest the composition is both solar wind and ionospheric in origin,
although the source mechanisms are not yet fully explainable. The plasma sheet
expands and contracts with solar and magnetic activity, During high activity
periods the Earthward edge of the plasma sheet in the equatorial plane can extend
inward to less than 5.5 RE’ while during prolonged magnetically quiet periods
(periods of low KP) the inward edge can lie beyond 10 RE . Observationally, the
inner edge of the plasma sheet is determined by a decrease in electron flux
between 100 eV and a few keV. At geosynchronous altitudes the plasma sheet is
most often seen near local midnight, but it can be seen from ~ 12 h around local
midnight to not at all, depending on magnetic conditions. The inner edge of the
plasma sheet maps to the equatorward boundary of the auroral oval at low alti-
tudes. Within the plasma sheet rapid Earthward movements of energetic parti-
cles, called injection events, are observed, Particle injections first appear in
the midnight sector in conjunction with geomagnetic substorms and relate directly
to intense high-latitude auroral activity., Because the inner boundary of the
plasma sheet is so dynamic, there are times when the outer boundary of the
plasmasphere and the inner boundary of the plasma sheet are identical in certain
local time sectors. At other times they are widely separated in the evening to
midnight sector by a region called the plasma trough, Much of the understanding
of the physics of the near-Earth plasma sheet is the result of numerous case
studies. An extensive bibliography of work in this region has recently been pre-
pared by Schulz, 5

3.3 The Ring Current

The ring current is composed primarily of hot trapped ions with energies
~ 10 to 100 keV and lies mostly earthward of the inner edge of the plasma sheet,
Schulz6 suggests that the outer boundary does not have a unique location but is a

function of particle energy, charge, equatorial pitch angle, and LT. Although a

5. Schulz, M. (1980) Energetic particle populations and cosmic-ray entry,
J. Geomag. Geoelec. 32:507,

6. Schulz, M. (1982) Earth's radiation belts, Rev. Geophys. Space Phys. 20:613.
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significant portion of the ions that compose the ring current population up to ~30
keV/charge can be ionospheric in origin, the composition of particles above ~30
keV/charge, which provide a major contribution to the ring current, has not yet
been measured. Although ions are the major source of the ring current, elec-
trons can contribute significantly to the total current. Frank7 puts the near-
Rarth termination of the proton ring current ~0.5 to 1 RE inside the plasmapause,.
The ring current flows in a westward direction. A partial ring current can
also exist in the midnight region near geosynchronous altitudes. It is diverted
into the ionosphere in the premidnight sector, and return current is provided
from the ionosphere in the postmidnight sector to complete the circuit. Although
ring current ions are important in understanding the dynamics of the near-
geosynchronous region, another trapped population, namely the high-energy
electron population in the outer radiation belt, is of greater concern to satellite

design engineers,

3.4 The Outer Radiation Belt

The outer radiation belt consists of high-energy particles trapped on magnetic
field lines and mirroring between conjugate points north and south of the magnetic
equator, Radiation belt particles are normally considered to have energies
greater than 100 keV. The particles drift in a complicated manner encircling
the earth in periods of tens of minutes, The radiation belt particles typically do
not extend beyond 7 RE due to the distortion of the magnetic field beyond that
altitude. Beyond 7 RE there is a quasitrapping zone where particles can complete
only part of a drift orbit before escaping out the dayside magnetopause,

The trapped particle population peaks in density within an L-shell of 5, and
therefore only the negative gradient of the distribution is measured at near-
geosynchronous altitudes. The behavior of radiation belt particles is dynamic.
Their density can vary by orders of magnitude about the mean value for a given
energy, species, and altitude. Although empirical models of the outer radiation
belt do exist, they are average models and do not take into consideration the

dynamic behavior of the belt, especially near the equator,

3.5 Spectrogram Identification

Particle spectrograms that show counts (flux) of particles as a grey scale
level on a coordinate plot of energy vs time can be used to identify particle popu-
lations and boundary crossings near geosynchronous altitude. In addition,

7. Frank, L.A, (1971) Relationship of the plasma sheet, ring current, trapping
boundary, and plasma pause near the magnetic equator and local midnight,
J. Geophys. Res. 76:2265.
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spectrograms can be used to identify large dynamic events, such as injection
events, and satellite interactions with the environment, such as spacecraft charg-
ing., Examples of some of the regions identifiable on spectrograms are given
here,

Figure 2 shows an SC9 spectrogram for day 341, 1979. The y-axis of the
‘gpectrogram gives electron energy (top) and ion energy (bottom) in units of eV,
The scale is logarithmic with the electron energy increasing with y and the ion
energy decreasing with y. The x-axis of the spectrogram is in universal time
running from 0000 to 2400 UT. Also listed below the UT values are the distance
from the center of the Earth in RE (Earth radius), LT, and magnetic latitude of
the satellite, Day 341 is a magnetically quiet day with the 3-h KP levels at 1+, 1,
1-, 1, 1-, 1-, 2-, and 1+ for the 24-h period starting at 0000 UT. Between
~ 0200 and ~ 0830 UT the satellite is in the plasmasphere. Because of a lack of
low energy (< 10 eV) particle measurements, it is not really evident in the spec-
trogram exactly where the satellite enters and leaves the plasmasphere. Howev-
er, near 0830 UT, while moving out beyond 5.7 RE’ the satellite leaves the
plasmasphere and enters into the dayside plasma trough region that can be seen
as a gradual increase in warm (< 1 keV) electrons, The satellite stays within
this region until shortly after 2300 UT, at which time it reenters the plasma-
sphere. The inner plasma-sheet boundary is beyond the satellite orbit for this
day.

Figure 3 shows an SC9 spectrogram for day 164, 1979, which starts as a
magnetically quiet day and then becomes moderately active., The 3-h KP indices
for the day are 1+, 1, 0+, 1+ 3-, 3, 2+, and 3-, Here again the satellite is in
the plasmasphere between ~ 0100 and 0600 UT and then moves into the plasma
trough region, However, at ~ 1400 UT when magnetic activity increases, the
satellite enters the plasma sheet either due to the outward motion of the satellite,
or the inward motion of the plasma sheet accompanying the injection of hotter
(> 1 keV) electrons., This region, which is characterized by higher densities of
> 1-keV electrons, continues through the end of the day. An injection of > 10-keV
electrons near 2200 UT produces approximately 50 V of spacecraft frame charging
as can be seen by the ion charging peak at this time. (See DeFor‘es’c2 for an
explanation of charging phenomena and its appearance on spectrograms.)

Day 142, 1879 in Figure 4 is representative of magnetically active conditions.
For this day the 3-h KP levels are 4+, 4-, 4, 5-, 3+, 5, b5+, and 5. Because of
the high level of activity the plasma sheet has moved way in to less than 6 RE'
and the only time the satellite is not in the plasma sheet is between approximately
1100 and 1615 UT, From ~ 1100 to ~ 1430 UT the satellite appears to be in a
plasma trough region and between ~ 1430 and ~ 1615 UT the satellite is most
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Figure 2, SC9 Spectrogram for Day 341, 1979 Illustrating a
Magnetically Quiet Day When the Plasmasphere was Expanded

likely in the plasmasphere. The plasmapause and the inner plasma sheet bound-~
ary appear to be nearly coincidental at ~ 1615 UT. The activity level is so high
that no plasma trough region exists in the night sector, '
Another important feature in Figure 4 is the intense fluxes of warm (~ 10 to
500 eV) ions trapped near and having peak intensities at the magnetic equator,
These ions were first reported by Olsen8 using SCATHA SC9 spectrograms. The
particles are accompanied by electric field noise i1 the frequency range from 2
to 200 Hz (Aggson), 9 Electric field rms filter data from the SC10 experiment
were used to identify the noise. The more intense trapped ion fluxes produce
noise below 20 Hz while less intense trapped ion fluxes only produce noise between
20 and 200 Hz. Aggson suggests that a ring of trapped ions (and noise) are always
present near the magnetic equator but often inside the SCATHA orbit. Quinn and

8. Olsen, R.C, (1981) Equatorially trapped plasma populations, J. Geophys.
Res. 86:11235.

9, Aggson, T. (1980) Private communication,
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Figure 3. SC9 Spectrogram for Day 164, 1979 Illustrating
a Day That Starts Out Magnetically Quiet and Becomes
Moderately Active Postnoon in UT

Johnson10 studied this population above 100 eV using the SCATHA SCT7 ion compo-

sition data and concluded that the dominant ion of this trapped population was H+.

3.6 Particle Trajectories

Much of the understanding of particle regimes in the magnetosphere results
from the knowledge of individual particle motions in mutually perpendicular elec-
tric and magnetic fields. (See, for instance, Ejirill and references therein,)
Here we present sample trajectories of particles that pass through the midnight

SCATHA regime to be used as a baseline from which to interpret certain atlas

10, Quinn, J,M,, and Johnson, R,G. (1982) Composition measurements of warm
equatorially trapped ions near geosynchronous orbit, Geophys. Res. Lett,
9:777-780,

11, Ejiri, M. (1978) Trajectory traces of charged particles in the magnetosphere,
J. Geophys. Res. 83:4798,
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Figure 4. SC9 Spectrogram for Day 142, 1979 Illustrating a
Magnetically Disturbed Day When the Inner Edge of the Plas-
masheet Moved Earthward of the Satellite Orbit

results. For the magnetic field we use the simple analytic model of McIlwain, 12

which is a distorted dipole compressed near noon and inflated near midnight, The
convection electric field model developed independently by Volland13 and Sternl4
is used. It consists of two parts, a corotation field that falls off with distance as
1/R2, and a cross-tail field that is positive from dawn to dusk and increases with
R as Rlyal, where v is generally taken to be between 1 and 3. For the calculations
presented here v is set equal to 2, To specify the electric field the stagnation

distance is required. This is the distance on the dusk axis where the corotation

12, Mcllwain, C, E. (1972) Plasma convection in the vicinity of the geosynchro-
nous orbit, in Earth's Magnetospheric Processes, B.M. McCormac, Ed,,
D. Reidel, Hingham, Mass., p. 268,

13, Volland, H. A, (1973) A semiempirical model of large-scale magnetospheric
electric fields, J. Geophys. Res. 78:171.

L]

14, Stern, D. P, (1975) The motion of a proton in the equatorial magnetosphere,
J. Geophys. Res. 80:595,




field is equal and opposite to the cross-tail field. We use a stagnation distance of
7.2 RE .
In considering the motion of energetic particles we limit ourselves to parti-

which corresponds to moderately active conditions, that is, KP = 3,

cles mirroring at the equator, that is, with 90° magnetic pitch angles, In the
particle motion both the total energy and the magnetic moment are conserved,
Since the kinetic energy of the particle changes throughout the orbit, we label
orbits by the particle's magnetic moment, We are interested in how particles
move from the distant tail through the SCATHA (near-geosynchronous) regime
and out of the magnetosphere when they are not subject to loss. For this purpose
the particle trajectories are started at midnight within the annulus from 5.5 to
8.5 RE' which represents the SCATHA sampling region, They are traced back-
ward and forward in time. We follow ions (Figure 5) and electrons (Figure 6)
that have energies of 3 keV (low energy) and 30 keV (high energy) at midnight,

Figures 5(a) and 6(a) show the high-energy ions and electrons. The inner
orbits are trapped orbits, and particles found here must come from outside by a
means other than a stationary electromagnetic configuration, such as diffusion,
time dependent processes, etc. In the outer annulus at midnight the particles
have open orbits by which ions (electrons) from the dawn (dusk) flank of the
magnetosphere have direct access to the geosynchronous region,

Figures 5(b) and 6(b) show the low-energy ions and electrons (3 keV at mid-~
night). All orbits that pass through midnight are open. There is, however, a
major distinction between the orbits of the two species. The electrons that flow
into the annulus from the tail region stay on circular- (or tear-drop-) shaped
orbits that keep them within (or close to) the annulus for most of the orbit. Thus,
they are subject to detection by SCATHA at nearly all LT, (There is also a region
of limited access in the dusk sector). Ions that pass through the midnight region
with 3-keV energy, for the most part, move out of the annulus toward Earth. As
they approach daysid{a they pass through the SCATHA regime again, this time in
the noon sector. Thﬁs, there will be a large LT region of limited access in the
sampling annulus for these particles.

The particle trajectories shown here, if taken to represent the geosynchronous
particle population, are extremely oversimplified. Continuous loss processes,
continuous and sporadic injection processes, time-dependent electric and magnetic
fields, and large-scale collective effects are integral to a realistic model. How-
ever, the trajectories form a skeleton for understanding some of the statistical

results that follow,
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Figure 5, Proton Trajectories in the Equatorial Plane for a Crossed
Dipolelike Magnetic Field and a Volland-Stern Convection Electric
Field Characterized by v = 2 and a Dusk Stagnation Distance of 7.2 R
(KP = 3). In (a) 30-keV protons are started in the SCATHA sampling
regime (5.5 to 8.5 R) at midnight and traced backwards and forwards
in time, In (b) 3-keV protons are started in the same regime at mid-
night. The trajectories are labeled by the particle magnetic moment
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a. 30 keV ELECTRONS (Kp =3, y =2)
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Figure 6, FElectron Trajectories in the Equatorial Plane for a Crossed
Dipolelike Magnetic Field and a Volland-Stern Convection Electric
Field Characterized by v = 2 and a Dusk Stagnation Distance of 7.2 Ry,
(KP = 3). In (a) 30-keV electrons are started in the SCATHA sampling
regime (5.5 to 8, 5 Ry) at midnight and traced backwards and forwards
in time, In (b) 3-keV electrons are started in the same regime at mid-
night, The trajectories are labeled by the particle magnetic moment
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4. SC5 MIDDLE ENERGY ION AND ELECTRON RESULTS

The middle-energy particle detectors known as SC5 on the SCATHA satellite
were built and operated under the direction of Dr, D, A. Hardy of AFGL., The
electron and ion measurements between 100 eV and 400 keV will be discussed in

this section.

4.1 Introduction

Spacecraft charging is the mechanism by which current balance to a spacecraft
is achieved, A spacecraft both intercepts current from the ambient environment
and emits current from its surface materials. For spacecraft in the near-
geosynchronous environment, the middle-energy particle populations contribute
a significant portion of the current that is responsible for high-level surface
charging. In satellite eclipse the middle-energy electrons can create vehicle
charging in excess of 10 keV. Because the middle-energy particles play a major
role in spacecraft surface charging (the mission study objective of the SCATHA
satellite program) a major portion of the atlas will be used to discuss the SC5
results.

It should be noted however that the middle-energy particle populations do not
constitute the entire plasma population in the plasma sheet, or even the entire
population of interest to spacecraft charging studies, Below the middle-energy
range there are cold and warm populations with energies of a few eV and tens of
eV, respectively. At geosynchronous altitudes these cold and warm populations
can have significantly high densities, which when accelerated by a charged space-
craft, can contribute large currents to the vehicle. Above the middle-energy
range are the relativistic particles. The densities for these particles are typically
far less than those in the middle-energy range, However, their high energies
allow them to penetrate the satellite surface and interact with components and
systems within the vehicle, thus affecting performance and satellite lifetime, The
high-energy electrons will be discussed later in Section 7,

An extensive study of the SC5 particle data has been undertaken, results of
which are given in the following subsection. The study is primarily statistical
but attempts to give sufficient samples of critical plasma parameters to be useful
to both engineers and scientists for design, modeling, and theory verification. In
addition to the results, details of the instrument, data base, and analysis tech-

niques will be discussed.
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4.2 Instrumentation

The SC5 Rapid Scan Particle Detector measures the fluxes of electrons and
ions in the energy ranges from 50 eV to ~1 MeV and from 50 eV to ~7 MeV,
respectively. The instrument consists of two sets of detectors., One set is
mounted with the look direction oriented parallel to the spin axis, and the other
set perpendicular to the spin axis. FEach set of detectors consists of two cylindri-
cal plate electrostatic analyzers (ESAs) with SPIRALTRON electron multipliers
(SEMs) and two silicon surface barrier solid-state detector telescopes.

The two low- (high-) energy ESAs measure the electron and ion fluxes in four
contiguous channels that range from 50 eV to 1.7 keV (1.7 to 60 keV). Both sets
of ESAs also measure a background channel with 0 V on the deflection plate. The

¢ cmzsr for both ions and

low -energy ESAs have geometric factors of ~1 X 10
2

electrons. The high-energy ESAs have geometric factors of 3 X 1075 em
electrons and 3 X 10_4 cmzsr for ions, The central energies and energy widths
for the ESAs are given in Table 1, The low- and high-energy electron ESAs have
full width at half maximum (FWHM) opening angles of 7° by 5° and 3° by 4°,
respectively., The 5° and 4° dimensions are in the spin plane for the detectors

sr for

perpendicular to the spin axis, For both the high- and low-energy ion ESAs the
FWHM opening angles are 3° by 12°. The 12° dimension is in the spin plane for
the detectors perpendicular to the spin axis.

The solid-state spectrometers (SSSs) make both anticoincident and coincident
measurements. Here we use only the anticoincidence channels that measure
particles between ~ 70 and 500 keV, The electron SSSs use a 0, 1-mil aluminum
foil to absorb light and protons below ~ 250 keV, and have a 300-y thick front
detector. The proton SSSs use a sweeping magnet to eliminate electrons below
about 200 keV and have an ~ 6-u thick front detector with 120 mg/cm2 of alumi-
num for a light shield, The front detectors in anticoincidence with the rear
detectors measure the particle fluxes over the energies to be studied, The FWHM
opening angle for the SSSs is approximately 20° square, The large opening angle
is necessary to get significant count rates for the highest energy channels, The
solid-state detectors have geometric factors of 3. 6 X 10_3cmzsr for electrons and
ions, respectively, The energy widths for the SSSs are given in Table 1,

Data from both the SSSs and the ESAs are taken simultaneously in one channel
of each detector with a dwell time of 200 msec, Since each measurement takes
0.2 sec and each individual detector makes a total of five measurements, a com-~
plete energy spectrum is measured for both ions and electrons in a 1-sec interval,
Since the detectors return a complete spectrum once per second and the SCATHA
rotation rate is ~1 rpm, there is about 6° of rotation per spectrum, Thus, for

ESA electron measurements there is no overlap in pitch angle in successive
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Table 1.

Moment Input Velocities and Energies

Ions Electrons

v Av E AE v AV E AE
Channel | (km/sec) | (km/sec) (keV) (keV) Channel | (km/sec) | (km/sec) (keV) (keV)
LE ESA 1 170 60 0.148 0.102 | LE ESA 1 6250 2400 0.110 0.070
LE ESA 2 260 100 0.340 0.240 || LE ESA 2 9600 3400 0.260 0.180
LE ESA 3 400 150 0. 840 0.525 || LE ESA 3 16000 5000 0. 620 0.370
LE ESA 4 590 210 1.8 1.16 ||LE ESA 4| 24000 10000 1.57 1.13
HE ESA 1 880 320 4.0 2.7 HE ESA 1| 40000 14000 4.4 2.7
HE ESA 2 1370 580 9.7 7.5 HE ESA 2 55000 23000 9.2 7.1
HE ESA 3 2110 860 23.0 16.17 HE ESA 3 87000 30000 24.0 15.2
HE ESA 4 | 3260 1200 55. 0 39.5 HE ESA 4| 124000 46000 54, 0 43.2
COINC 0 4815 1452 126.0 70. 0 COINC 2 157000 42295 96. 0 78.0
COINC 1 6018 1210 188.0 75.0 COINC 3 239000 37400 335.0 117.0
COINC 2 7289 1331 275.0 100. 0 COINC 4 | 201650 33897 218.0 115.0
COINC 3 8653 1400 388.0 125.0




spectra. However, for the ion ESA measurements and all the SSS measurements,
there is significant overlap, This overlap results in a smoothing of pitch angle
variations. A full description of the instrument and its calibration can be found

in Hanser et al, 15

4.3 Data Base

The SC5 Atlas data base is comprised of measurements of the 100-eV to 500-
keV electrons and ions for 118 days from the period between day 59, 1979 and day
166, 1980, The days that were used to construct the data base are listed in Table
2. The data base was created in several parts. The two major components are
(a) the electron and ion flux file and (b) the moment data base, HEach of these will

be discussed in detail.,

Table 2, SC5 Data Base Days

YR Day YR Day YR Day YR Day
1979 59 1979 125 1979 210 1979 319
77 126 212 323
80 127 216 328
81 _ 128 218 329
87 129 225 331
88 138 226 341
89 141 227 348
90 142 230 351
91 144 232 357
93 145 233 359
94 1486 234 361
95 149 241 363
103 150 248 1980 4
104 152 254 12
108 156 261 18
110 157 262 27
111 158 264 28
112 » 160 271 36
113 164 272 37
114 166 273 42
115 167 278 46
116 172 279 47
117 178 280 161
118 180 281 162
119 188 282 163
120 194 293 164
121 200 301 165
122 206 309 166
123 207 311
124 208 317

15, Hanser, F.A., Hardy, D.,A., and Sellers, B. (1979) Calibration of the Rapid
Scan Particle Detector Mounted in the SCATHA Satellite, AFGL-TR-79-
0167, AD A082382.
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4,3.1 ELECTRON AND ION FLUX FILE

The electron and ion flux file was created from measurements of the detectors
mounted parallel to the spin axis of the vehicle, The file consists of one spin
(~ 57 secb) averaged fluxes for each of the ion and electron channels between 100
eV and 400 keV. High-level charging periods in eclipse and SC4 beam operations
were edited from this and all SC5 data files to remove high count measurements
due to particle accelerations during vehicle charging, This removed some valu-
able data from the data set, but the alternative of correcting each individual
spectra for charging was time and manpower prohibitive, Counts from each
detector channel, i, were first converted to differential number flux, J(Ei)’ by

the formula:

J(E) = C; XK XD ()

where Ci is the counts for channel i (corrected for background counts in the low-
energy ESA channels), Ki is a multiplicative constant containing the geometric
factor and calibration constant, and D is the degradation factor calculated from
in-flight calibrations for each day. Table 3 gives the channels, central energy

levels, and multiplicative constants for the detector parallel to the spin axis,

Table 3. Parallel Detector Factors

Electrons Tons
Multiplicative Multiplicative
Channel E (keV) Constant K Channel E (keV) Constant K
LEESAO| 0.0 0.0 LEESAO| 0.0 0.0
HEESAO| 0.0 0.0 HEESAO| 0.0 0.0
LEESA1| 0,112 588 LEESA 1| 0, 145 208
2| o0.271 179 2| 0.353 116
31 0.679 64. 9 3| 0,782 36, 2
4| 1.50 30,3 4| 1.708 13.5
HE ESA 1| 4,57 34,2 HEESA 1| 4.5 5. 62
2| s8.97 20. 8 2| 10.4 2.0
3| 23.2 9,26 3| 25,0 8,62 x 1071
4| 52.7 6,02 4| 59.9 3.65% 107}
COINC 2 | 96.0 3,47 x 1072 COINC 0 | 126.0 1.52 X 1072
3 [335.0 3,28 x 1072 1 |188.0 9.96 x 1072
4 |218.0 1.48 x 1072 2 |275.0 7.47 X 1075
3 |388.0 5.98 x 1072
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Averages of the fluxes over the spin period of the vehicle were computed for
all channels. The spin was defined as starting at a minimum magnetic pitch angle
and stopping at the next minimum, With the exception of the low-energy ESA
channels, a straight averaging of the number of values was performed, For the
low ~energy ESA channels, points were first deleted for which the flux was less

than or equal to zero.
4,3.2 MOMENT DATA BASE

Unlike the moments generated in the preliminary atlas from the parallel
detector (see Mullen et al), 16 the moments for the final atlas were generated
from the perpendicular detector in order that spin integrations-over magnetic
pitch angle could be performed, The perpendicular detector was mounted per-
pendicular to the spin axis so it measured data over nearly all pitch angles once
per spin, The perpendicular detector central energies and multiplicative con-

stants are given in Table 4.

Table 4. Perpendicular Detector Factors

Electrons Ions
Multiplicative Multiplicative
Channel E (keV) Constant K Channel | E (keV) Constant K
LEESA 1| 0.110 714 LEESA 1| 0,148 360
2|  0.260 185 2| 0.340 192
3| 0,620 106 3| 0,840 56. 2
4| 1.57 32,9 4| 1.8 19.2
HEESA1| 4.4 47.2 HEESA 1| 4.0 5. 88
2| 9.2 23, 8 2| o7 2.17
3| 24.0 11.6 3| 23.0 1,00
4| 54.0 7.04 4| 55.0 0. 431
COINC 2 | 96.0 3,47 x 1072 COINC 0 |126.0 1.52 x 1072
3 |335.0 3,28 x 1073 1 |188.0 9.96x 1073
4 |218.0 1.48 x 1072 2 1275.0 7.47 x 1075
3 |388.0 5.98 x 1073

16. Mullen, E,G., Garrett, H.B., Hardy, D.A., and Whipple, E.C. (1980)
P78-2 SCATHA Preliminary Data Atlas, AFGL-TR-80-0241, AD A094122,
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For each complete spectrum (1-sec interval) the differential number flux,
J(Ei)’ was computed in the same manner as for the parallel detector Eq. (1), A

simple conversion,

2

m
fi=2—Ei J(Ei) , (2)

was used to obtain the corresponding value for the distribution function at Ei'
Fach spectra was assigned a central pitch angle, o.

The moment integrals,
M = § ety (3)
(n an integer) are approximated by summations in velocity space, v, assuming

symmetry in the distribution function in the plane perpendicular to the magnetic

field., The summation formulas are as follows:

m n
M0 =12 Z Z fj(vi) vi2 A vy A\Ifj X 10_15 = number densit (4)
TS ] (particles/cm?)
[ m n
M, =12 Z Z f.(vi) Vi3 A v, AT, | X 10710 - humber flux (5)
R J J_ (particles /cm“sec) ,
[ m n 1
M, =|a E Z fj(vi) Vi4 Avy A\Ilj X 10-17 = energy gensity (6)
=1 i-1 ] (eV/em®)
[ m n 1
Mg =|a Z E f.(vi) Vi5 A v, AT, HX 10712 - energy flux (7
=1 i1 J J (eV/cmésec) .

The multiplicative parameter a is 1.04 for electrons and 5, 68 X 10_4 for ions., In
the summations the subscript i refers to energy channel and the subscript j refers
to the spectrum number within the spin, All integrations begin at the start of a

spin and end with the last frame of a spin.
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The variation with pitch angle, AT, is defined in terms of «,, the central
pitch angle for the jth spectra within the spin (only half steps are taken for the

first and last spectrum):
o'l - .
AT, = —irl -1 (8)

Spectra occurring with a sun angle of less than 40° were deleted and inter-
polated for. A linear interpolation on f(v) as a function of time was used to re-
place the deleted spectra, In particular, for each energy (velocity), the data
pair [\Il:i , £.(v.)] immediately preceding the deletion and the data pair immediately
following the deletion were used as the basis for the interpolation. An interpo-
lated spectrum was provided for each deleted spectrum. The interpolated spectra
were used in the integrations. Table 1 gives the values of v, Av, E, and AE used
in the moment calculations.

The moments were generated over two energy ranges. The total moments
(as they will be referred to throughout the atlas) used data over the entire range
from ~ 100 eV to 400 keV listed in Table 4. And, the high moments only used data
for channels at or above the HESA 3 channel, ~ 20 to 400 keV, A third set of
moments, the low moments, were then produced simply by subtracting the high
moments from the total moments. This resulted in three sets of moments that
could be used for analysis.

All the moments were averaged over L-shell ranges, KP ranges, and LT
intervals. They were averaged in two separate ways; first by varying the range
of one parameter while using all values of the other two, and second by what we
call "binning"; that is, averaging within certain ranges for all three parameters

at the same time, The bin sizes used for the SC5 studies were:
LT ¢t 1h

Li-shell : 0.5 RE

KP four ranges: 0to 1+; 2- to 3+; 4~ to 5+; and =6~ .

Table 5(a through d) gives the number of data points (individual moment values)
for each bin for the SC5 data set. The total number of points is ~ 95000, The
number of data points for I.-shells 8 RE and above and below 5.5 RE are biased
in L'T. Also the total number of data points for KP = 6- is very low. These
biases are noted to avoid misinterpretation of the statistical studies to follow.
Other SC5 data sets were constructed for special studies, Since these data
sets are derived from the data sets already discussed, they can be explained

quite easily and will be discussed when used in the analyses that follow.
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Table 5(a).

SC5 Moment Data Set

KP 0,1 L-shell (R )

LT 5.0-5.5 | 5.5-6.0 | 6.0-6.5 | 6.5-7.0 | 7.0-7.5 | 7.5-8.0 | 8.0-8.5 | 8.5-9.0 | Total
00-01 0.0 340 53 16 58 148 227 0.0 842
01-02 0.0 283 132 37 33 144 255 22 906
02-03 0.0 255 248 60 5 78 247 61 954
03-04 0.0 198 219 154 61 120 187 158 1097
04-05 0.0 255 156 264 225 239 147 38 1324
05-06 0.0 295 109 317 283 246 169 0.0 1419
06-07 0.0 236 186 277 243 321 43 0.0 1306
07-08 0.0 259 317 95 285 340 0.0 0.0 1296
08-09 10 327 344 122 285 247 0.0 0.0 1335
09-10 78 307 186 259 170 172 0.0 0.0 1172
10-11 167 199 27 303 204 79 0.0 0.0 979
11-12 213 7 37 214 547 118 0.0 0.0 1206
12-13 145 70 61 50 889 0.0 0.0 0.0 1215
13-14 77 146 0.0 78 811 29 0.0 0.0 1141
14-15 100 161 22 274 365 91 0.0 0.0 1013
15-16 14 254 152 270 315 159 0.0 0.0 1164
16-17 32 236 260 131 273 344 0.0 0.0 12176
17-18 0.0 206 305 217 203 408 0.0 0.0 1339
18-19 0.0 218 112 270 392 210 0.0 0.0 1202
19-20 0.0 245 155 278 374 117 38 0.0 1207
20-21 0.0 218 201 280 341 130 167 0.0 1337
21-22 0.0 183 249 332 182 245 187 32 1410
22-23 0.0 127 138 250 191 139 245 34 1124
23-24 0.0 227 131 90 104 79 339 0.0 970
Total 836 5322 3800 4638 6839 4203 2251 345 28234
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Table 5(b).

SC5 Moment Data Set

KP 2,3 L-shell (RE)

LT 5.0-5 5.5-6.0 6.0-6.5 6.5-7.0 7.0~-7.5 7.5-8.0 8.0-8.5 8.5-9.0 | Total
00-01 0.0 327 75 13 274 465 534 0.0 1688
01-02 0.0 213 113 71 214 702 575 37 1925
02-03 0.0 164 164 139 46 232 899 11 1655
03-04 6.0 264 318 162 93 441 553 0.0 1831
04-05 0.0 357 211 235 452 286 392 58 1991
05-06 0.0 378 189 371 188 348 241 0.0 1715
06-07 0.0 454 250 233 88 405 84 0.0 1514
07-08 0.0 329 260 72 139 417 0.0 0.0 1217
08-09 50 364 242 148 588 175 0.0 0.0 1567
09-10 205 458 191 418 348 170 0.0 0.0 1790
10-11 240 489 235 462 215 183 0.0 0.0 1824
11-12 329 436 408 220 174 207 0.0 0.0 1774
12-13 354 567 440 86 350 39 0.0 0.0 1836
13-14 371 544 279 230 436 10 0.0 0.0 1870
14-15 295 581 60 489 519 153 0.0 6.0 